
 



 



 



 



 



 



 



 



 



 



 



 



 



 

 

BT8302 APPLIED THERMODYNAMICS FOR BIOTECHNOLOGISTS 

 
COURSE OUTCOMES: 

On completion of this course work, students will be able to: 

CO203.1 
Explain the theoretical concepts of thermodynamics and how it applies to energy conversion in 

technological applications and biological systems. 

CO203.2 
Demonstrate the capability to analyze the energy conversion performance in a variety of modern 

applications in biological systems. 

CO203.3 
Design and carry out bioprocess engineering experiments, and analyze and interpret fundamental data to do 

the design and operation of bioprocesses. 

CO203.4 
Describe the criteria when two phases coexist in equilibrium and the vapour liquid equilibrium calculations 

microbial growth and product formation. 

CO203.5 Apply their knowledge in the field of biochemical engineering from the principles of thermodynamics. 

 

MAPPING BETWEEN CO AND PO, PSO WITH CORRELATION LEVEL 1/2/3 

 

 POs PSOs 

PO1 PO2 PO3 PO4 PO5 PO6 PO7 PO8 PSO1 PSO2 PSO3 

CO203.1 3 2 2 1 - 1 - - 1 1 - 

CO203.2 2 2 3 1 - 1 - - 1 - - 

CO203.3 2 2 3 2 - - - - 1 2 - 

CO203.4 2 2 3 1 - 1 - 1 1 2 - 

CO203.5 2 2 2 2 1 2 - 2 - 1 2 

 

UNIT I 

Sl. 

No. 
Course Content 

CO 

Statement 

Knowledge 

level 

1. 
First law of Thermodynamics, A Generalized balance equation, Calculations involving 
first law of thermodynamics 

CO203.1 R/U/Ap 

2. 
Conserved quantities, Volumetric Properties of fluids – non ideal behavior, Residual 

Properties – concept and Problems 
CO203.1 R/U/Ap 

3. Estimation of thermodynamic properties CO203.1 R/U/Ap/An 

4. Equations of State, Calculations involving actual property exchanges CO203.1 R/U/Ap 

5. Maxwell’s relations – equations and applications CO203.1 R/U/Ap/An 

 

UNIT II 

Sl. 

No. 
Course Content 

CO 

Statement 

Knowledge 

level 

1. 
Partial Molar Properties – Concept and Problems, Chemical potential, Fugacity – concept 

and problems 
CO203.2 R/U/An 

2. Solutions – behavior and ideality, Ideal and non-ideal solutions CO203.2 R/U 

3. Excess properties of mixtures – concept and problems CO203.2 R/U/Ap 

4. Activity Co-efficient, Composition models CO203.2 R/U 

5. Gibbs Duhem Equation CO203.2 R/Ap 



 

 

 

 

 

UNIT III 

Sl. 

No. 
Course Content 

CO 

Statement 

Knowledge 

level 

1. Phase Equilibria – Introduction, Crtiteria, Binary and Multi Component Systems CO203.3 R/U 

2. VLE Calculations for binary and multi component systems, Liquid - liquid equilibria CO203.3 R/U/Ap 

3. Phase equilibria – Illustions, Criterion of Stability, Duhem’s theorem CO203.3 R/U 

4. Problem solving in liquid – liquid equilibria CO203.3 R/U 

5. Solid – solid equilibria – concept and problems CO203.3 R/U/Ap 

 

UNIT IV 

Sl. 

No. 
Course Content 

CO 

Statement 

Knowledge 

level 

1. 
Homogenous Chemical reactions and its equilibrium criteria, Evaluation of Equilibrium 

constant, problems solving 
CO203.4 R/U 

2. 
Equilibrium constant – Effect of Temperature, Problems solving, Equilibrium constant – 

Effect of Pressure, Problems solving 
CO203.4 R/U/Ap 

3. Calculations of equation conversions, Single reactions – equations, Problems solving CO203.4 R/U/Ap 

4. Multiple reactions – equations, Problems solving CO203.4 R/U/Ap 

5. Yields for single and Multiple reactions CO203.4 R/U/Ap/An 

 

UNIT V 

Sl. 

No. 
Course Content 

CO 

Statement 

Knowledge 

level 

1. Growth stoichiometry, thermodynamics, Maintenance – thermodynamics, Calculations CO203.5 R/U/Ap 

2. 
Operational Stoichiometry, Different growth rates – growth process at different growth 

rates 
CO203.5 R/U 

3. Herbert – Pirt Relations, Product formation - thermodynamics CO203.5 R/U 

4. Electron donor – calculations, Product formation - Stoichiometry CO203.5 R/U/Ap 

5. Growth stoichiometry, thermodynamics, Maintenance – thermodynamics, Calculations CO203.5 R/U 

R – Remember; Ap – Apply; An – Analyze; U – Understand, E- Evaluate ,C-Create 

 

 

 

Sl. 

No. 
Content beyond syllabus 

CO 

Statement 

Knowledge 

level 

1. Some applications of the laws of thermodynamics CO203.1 R/U/Ap/An 

2. Thermodynamics of Cellular Energetics CO203.5 R/U/Ap/An 



 

 

UNIT – I 

THERMODYNAMIC LAW AND PROPERTIES OF FLUIDS 

PART – A (CO203.1) 
1. What is an equation of State? (May 17) 

Equation of State: It is the equation relating the pressure, Volume and temperature for any pure 
homogeneous fluid in equilibrium. F ( P, V, T ) = 0. The simplest possible state representing the ideal 
gas is PV = RT 

2. Write two equation of state for a real fluid. (Dec10) 

Virial Equation and Redlich - kwong equation 

3. What is the compressibility factor for an ideal gas? 

The compressibility factor of an ideal gas is unity. 
4. What do you understand by the term ‘Internal Energy’? 

It is the energy of the molecules making up the substance which are in ceaseless motion and possess 

kinetic energy of translations. 

5. How do you What is an irreversible process? 

The Process in which the system and surroundings cannot be restored to the initial state is called an 

irreversible process. 

6. What are generalized compressibility charts? 

Compressibility factor measures the deviation of a real gas form ideal behavior. Generalized 

compressibility charts are those which are drawn compressibility factor verses reduced pressure. 

7. State the principle of Corresponding states. (May 16) 

Law of Corresponding states: It states that all gases when compared at the same reduced temperature 

and the reduced pressure, have approximately the same compressibility factor and all deviate from 

the ideal behavior to the same extent. 

8. What is Compressibility factor. 

Compressibility Factor: It is the ratio of PV to RT. It is the factor which helps to calculate the volume 

occupied by the real gas at the same conditions of temperature and pressure as that of ideal gas. 

9. How can you calculate compressibility factor using virial coefficients? 

Z = a(1 + B’P) Z = a(1 + B'/V) 

For a given gas the virial co-efficients are functions of temperature. 

10. What is Helmholtz Free energy? (May 12) 

Helmholtz Free energy: A = U – TS 
11. Give the fundamental property relation involving Helmholtz Free energy. 

dA = -PdV–SdT 
12. What is Gibbs Free energy? 

Gibbs Free energy G = H - TS 
13. Give the fundamental property relation involving Gibbs Free energy. 

dG = VdP – SdT 
14. What is the Theorem of Exact differential equation? 

Theorem of Exact Differential: 

15. What is the significance of deriving the thermodynamic relations? 
Significance of deriving the thermodynamic relation: With the help of thermodynamic relations one can 
estimate the properties, which cannot be measured directly. 

16. What are residual Properties? (May 12; Dec 18) 
Any extensive property M is given by M = M

ig
 + M

R
, where M

ig
 is ideal gas value of the property and 

M
R
 is the residual property. 



 

 

17. What are Excess Properties? (Dec 09) 
Any extensive property M is given by M = M

is
 + M

E
, where M

is
 is ideal solution value of the property 

and M
E
 is the excess property. 

18. What are generalized compressibility charts? 

Compressibility factor measures the deviation of a real gas form ideal behavior. Compressibility charts 
are the charts drawn by taking compressibility factor on y axis and pressure on x axis. Generalized 
compressibility charts are those which are drawn compressibility factor verses reduced pressure. 

19. Write about Gibbs Paradox. 
When two distinct intermingling ideal gases are mixed, the resulting entropy change can be quantified. 
But this value will be true as long as the gases are different, no matter how nearly identical they are. But 
when the gases are the same, the change in entropy of mixing is zero. This curious result is known as the 
Gibb’s Paradox 

20. What is Joule-Thomson expansion? 
Joule Thomson effect is one which produces liquefaction effect. This is seen due to the fall in 
temperature associated with a unit decrease in pressure with constant enthalpy. 

21. Give any two fundamental property relations. 
dU = T dS  - P dV dH = T dS + VdP 

22. What is isothermal compressibility? (May 11, Dec 10) 

 
23. What is the coefficient of thermal expansion? 

 
24. Give the four Maxwell relations. 

 

25. Give any two thermodynamic relations for calculating the entropy change of a real gas. 
dS = Cp (T/T) - (V/T)p dp ; dS = Cv (dT/T) - (P/T)p dv 

26. What are the limitations of the law of thermodynamics? (May 17, Dec 18) 

 The inability to deal with the direction of the process and the extent of change. 

 It fails to recognize the qualitative differences between various forms of energy. 

PART- B (CO203.1) 

1. Show that Cp - Cv = T V and hence show, for ideal gas, Cp - Cv = R. 
2. Show that dH = CpdT + [V - T (V/T)p] dP. 
3. Calculate the molar volume of ammonia at 373K and 10bar using (a) Ideal gas law(b) the Vander Waal’s 

equation and (c) the Redlich-Kwong equation. Given, the critical temperature and pressure is 405.7 K 
and 112.8 bar. 

4. Explain thermodynamic state and path functions with example. (ii) Explain intensive and extensive 
properties with example. 

5. Derive the Maxwell relations from the fundamentals of thermodynamics. (Dec 10; May 12; May 15; 
May 17, Dec 18) 

6. Determine the molar volume of n-butane at 510K and 25 bar by each of the following; (i) Ideal gas 
equation (ii) Vander Waal’s equation (iii) Redlich-Kwong equation. The critical temperature and 
pressure of n-butane are 425.1K and 37.96bar. 

7. Show how to calculate the constants ‘a’ and ‘b’ in Vander Waal’s equation of state, for any substance by 
applying only the conditions at the critical point. 

8. Prove that, dS = Cp (dT/T) - (V/T)p dp 
9. A mass of 500g of gaseous ammonia is contained in a 30000cm

3
 vessel, immersed in a constant 

temperature bath at 65
o
C. Calculate the pressure of the gas by the following; (a) Ideal gas law (b) Van 

der Waal’s equation (c) Redlich-Kwong equation and (d) Generalized Virial coefficient correlation. For 
Ammonia; ω = 0.253, TC =405.7K, PC = 112.8bar and molar mass = 17.02 gm/gm moles. Given data: 



 

 

10. V=30000 cm
3
; P=30*10

-3
m

3
, R=8.314 J/mol.K, T=338K, Tc = 405.7K, Pc=112.8*10

5
 N/m

2
, 

n=500/17.02; n = 29.37 mol 

11. Calculate the molar volume of ammonia at 373K and 10 bar using (i) Ideal gas law(ii) the Vander 
Waal’s equation and (iii) the Redlich-Kwong equation. The critical temperature is 405.7K critical 
pressure is 112.8 bar. 

12. Calculate the compressibility factor and molar volume for methanol vapor at 500K and 10bar using (i) 
the cubic form of Virial equation and (ii) the generalized virial coefficient correlation. Experimental 
values of virial coefficients are, B = -2.19 x 10

-4
 m

3
/mol and C= -1.73x10

-8
 m

6
/mol

2
; TC = 513.2K, PC = 

75.54 bar and ω = 0.556 
13. Air initially at 390 K and 8 bar is expanded reversibly and isothermally to such a pressure that when it is 

cooled to 340 K at constant volume its pressure is 2 bar. Calculate the work, heat transferred, change in 
internal engines and changes in enthalpies. Assume air to be ideal gas.(May 16) 

14. Deduce from fundamentals, the first law of thermodynamics for flow process and on flow process. (May 
17, Dec 18) 

15. Describe the estimation of thermodynamic properties using the equation of state. (Dec 18) 

UNIT-II 

SOLUTION THERMODYNAMICS 

PART - A (CO203.2) 
1. What are Partial Molar properties? (May 11, Dec 10, Dec 09) 

Partial molar Property of a component in the solution is explained as the ratio of differential change in 
the property to the differential change in the number of moles of the component at constant temperature, 
pressure and composition of the other components in the solution. The Partial molar property of a 
particular component in a mixture measures the contribution of that component to the mixture property. 

2. Give the Physical meaning of Partial Molar Properties. 
It is the rate of change of change of the total solution property with respect to number of moles of a 
particular, component at constant T and P. 

3. How do you What is the term Chemical Potential? (Dec 10; Dec 09; May 12; May15) 
Chemical Potential μi of a component i in a solution is the partial molar free energy in the solution Gi. It 
is used as an index of Chemical equilibrium. 

4. Gibb’s free energy function is referred to as generating function. Explain. 
When Gibb’s energy as a function of T and P is known, one can estimate all other thermodynamic 
properties. Gibbs energy function implicitly represents complete property information and hence referred 
to as a generating function. 

5. What is fugacity and Fugacity coefficient. 
Fugacity is the term equivalent to pressure applicable to non-ideal solution and is a measure of effective 
pressure. The ratio of fugacity to the pressure is referred to as fugacity coefficient. 

6. What is the condition for the Phases to be in equilibrium in a multiple phase system? 
For the multiple phase system at the same T and P to be in equilibrium, the chemical potential of each 
species should be same in all phases. 

7. What are the methods available for determining Partial Molar Properties? 

(1) Analytical Method (2) Graphical Method (3) Tangent intercept Method. 
8. Explain the analytical method of determining the partial Molar Property. 

Analytical method: If the volume of a solution is known of its composition, the partial the partial molar 
volume of a constituent may be found by partial differentiation with respect to the amount of the 
constituent. 

9. Explain the Graphical Method of determining Partial Molar Property. 
When the data of variation of V

t
 with respect to ni is available a plot of V

t
 versus ni is constructed. 

Taking slope of the tangent at the point under consideration, gives partial molar property. 
10. Explain the Tangent intercept method used to determine the Partial Molar Property. 

Molar property is plotted against mole fraction of one component and the tangent drawn to the curve at 
the desired point gives partial molar property. 

11. What are ideal gas mixtures? 
Ideal gas mixtures are those whose molecules have no influence on one another. Each molecule in the 
mixture exists independent to the others, its properties are unaffected by the presence of different 
molecules. 

12. Clearly distinguish between ideal and non-ideal solutions? 
A solution in which the partial molar volumes of the components are the same as their molar volumes in 



 

 

the pure state is called an ideal solution. In non-ideal solution molecules do interact and they occupy 
some space. 

13. What is Lewis Randall Rule? 
The fugacity of each species in an ideal solution is proportional to its mole fraction, the proportionality 
constant is the fugacity of pure species i in the same physical state as the solution and at the same T & P. 

14. What are excess properties? 
Mathematical formalism of excess properties M

E
 is analogous to that of the residual properties. It is the 

difference between actual property value of a solution and the value it would have as an ideal solution at 
the same T, P and composition. 

15. What is standard state? 
A Standard state is a particular state of a species at Temperature T and at specified conditions of 
Pressure, composition and physical condition as gas, liquid or solid. 

16. State Henry’s Law. (Dec 09) 
The Partial pressure/fugacity of a solute over the solution is proportional to its mole fraction in the 
solution. 

17. State Raoult’s law. 
The partial pressure of a solute over the solution is the product of its liquid phase mole fraction and its 
pure component vapor pressure. This is true for ideal solutions. 

18. Which is the standard state for gasses? 
For gases two standard states are common. 

 The pure component gas in its ideal state at 1 bar. ai = fi 

 The pure component gas at the pressure of the system. ai = fi/f
o
 

19. Which is the standard state for liquids? 
The pure component liquid at a pressure of 1 bar. The pure liquid at the pressure of the system 

20. What is activity of a component in the solution. 
Activity of a component in the solution is the ratio of the fugacity of a component in the solution at the 
given condition to the fugacity of that component at the standard state. 

21. Mathematically What is chemical Potential. 
Definition of the chemical potential, μi was given by, 

 

 
22. How do you What is the activity of a component in a solution? (May 11; May 12) 

Activity of a component in a solution is the ratio of the fugacity of the component in the solution to that 
of the fugacity of the component in standard state. 

23. What do you mean by activity coefficients? (May 12) 
Activity coefficients are a measure of the extent to which the real solution departs from ideality. 

24. Give the importance of Gibbs-Duhem’s equation. 
1). In the absence of complete experimental data on the properties of the solution, 

Gibbs Duhem’s equation may be used to calculate additional properties. 

2). It can be used to test thermodynamic consistency of experimental data. 
25. What are activity coefficient equations? Give an example. 

Activity coefficients equations are those which relate activity coefficient and concentration of the 
solution. Eg: Margules Equation, VanLaar Equation. 

26. What is the significance of chemical potential? (May 17, Dec 18) 
It is applied in the study of phase and chemical equilibria 
It is used as an index of chemical equilibrium 

27. What is mass and molar concentration? (May 17) 
Molar concentration, also called molarity, amount concentration or substance concentration, is a measure 
of the concentration of a solute in a solution, or of any chemical species, in terms of amount of substance 
in a given volume. A commonly used unit for molar concentration used in chemistry is mol/L. A solution 
of concentration 1 mol/L is also denoted as 1 molar (1 M). 
Mass concentration is explained as the mass of a constituent divided by the volume of the mixture 
For a pure chemical the mass concentration equals its density (mass divided by volume); thus the mass 
concentration of a component in a mixture can be called the density of a component in a mixture. This 
explains the usage of ρ (the lower case Greek letter rho), the symbol most often used for density. 

i 



 

 

1 2 

1 

PART-B(CO203.2) 
1. Explain the analytical method of determination of partial molar property. 
2. Explain the graphical method of determination of partial molar property. 

3. What are residual properties? Explain. Derive the relation for residual property. 

4. Explain activity and activity coefficient of solutions in detail. 
5. How are the partial molar volumes of the constituents of a binary mixture related to their mole fractions 

of the constituents and the molar volume of the solution? Explain how these equations are useful for the 

determination of partial molar volumes by the tangent intercept method. 

6. Prove that the multiphases are in equilibrium when the chemical potential of a component in all the 
phases are in equal at the same temperature and pressure. 

7. The enthalpy at 300 K and 1 bar of a binary liquid mixture is H = 400X1+600X2+X1X2 (40X1+20X2) 
Where H is in J/mol. For the stated temperature and pressure, determine theExpression for H1 and H2 in 
terms of X1 (ii) Numerical values for the pure component enthalpies H1 and H2(iii) Numerical values for 
the partial molar enthalpies at infinite dilution H

α
 and H

α
 . (May 15) 

8. Show that the rate of change of chemical potential of a substance with pressure is equal to its partial 
molar volume in the solution. 

9. At 300K and 1 bar , the volumetric data for a liquid mixture of benzene and cyclohexane are 
represented byV = 109.4*10

-6
 – 16.8*10

-6
x1 – 2.64*10

-6
x 

2
.Where x is the mole fraction of benzene and 

v has the unit of m
3
/mol. Find expressions for partial molar volume of benzene and cyclohexane. 

10. Calculate the fugacity of pure ethylene at 100 bar and 373K using Vander Waal’s equation of state. Take 

a = 0.453 J m
3
/mol

2
 and b = 5.71x10

-5
m

3
/mol. (Dec 18) 

11. Explain(i) Chemical potential. (ii) Activity and Activity coeffecient 
12. Derive the Gibbs-Duhem Equation as function of T and P at equilibrium in a single phase system (May 

12; May 15; May 17) 
13. The fugacity of a component 1 in a binary mixture of components 1 and 2 at 298K and 20 bar is given 

by f 
’
 = 50x – 80x 

2
 +40x 

3
. Where f 

’
 is in bar and x is the mole fraction of component 1. Determine, 

i 1 1 1 I 1 

(i) The fugacity of pure component 1, f1. (ii) The fugacity coefficient of component 1, f1. (iii) Henry’s 
law constant and (iv) The activity coefficient of component 1, 1. 

14. Find the Van Laar constants for the binary system benzene (1)-ethanol (2) using the following 
data:(May 16) 
x1 15. 0.1 16. 0.3 17. 0.45 18. 0.74 19. 0.9 
20. P 

s
kPa 

1 21. 73.31 22. 68.64 23. 63.98 24. 67.98 25. 81.31 
26. P 

s
kPa 

2 27. 75.98 28. 69.64 29. 67.98 30. 69.31 31. 79.98 
17. Two substances A and B are known to form ideal liquid solutions. A vapour mixture containing 50% 

(mol) A and 50% B is at 311 K and 101.3 kPa. This mixture is compressed isothermally until 
condensation occurs. At what pressure, does condensation occur and what is the composition of the 
liquid that forms? The vapour pressures of A and B are 142 kPa and 122 kPa respectively.(May 16) 

18. Derive an expression for fugacity and fugacity coefficient of pure species. (May 17) 
19. Calculate the fugacity of liquid water at 373K and 10 bar, if the saturation pressure at 373K is 4.241 kPa 

and the specific volume of liquid water at the same temperature is 1.004x10
-3
 m

3
/kg. 

20. Discuss the concepts and applications of excess properties of mixture. (Dec 18) 

UNIT – III 

PHASE EQUILIBRIA 

PART - A (CO203.3) 

1. What do you mean by saying a system is in equilibrium? (Dec 10; May 12) 
When a system of multiple phases is in equilibrium, then there should not be energy, momentum and 
mass transfer between the phases. That is all phase must have same T and P and each species in all 
phases must have same chemical potential. 

2. What is isochoric process. 
Constant volume process is known as isochoric process. 

3. What is the terms Phase and component. 
Phase is that part of the system which is physically distinct, chemically homogeneous and mechanically 
separable. Component is nothing but chemical species that is present in different phases of the system. 

4. What is Gibb’s phase rule. (Dec 10) 
Gibbs Phase Rule is expressed by the simple formulation: P + F = C + 2, where, P is the number of 
phases in the system 

5. Write the significance of Gibb’s Phase rule. 
Gibbs Phase Rule provides the theoretical foundation, based in thermodynamics, for characterizing the 
chemical state of a (geologic) system, and predicting the equilibrium relations of the phases (minerals, 



 

 

1 

2 

melts, liquids, vapors) present as a function of physical conditions such as pressure and temperature. 
Gibbs' Phase Rule also allows us to construct phase diagrams to represent and interpret phase equilibria  
in heterogeneous geologic systems. 

6. Write Clapeyron equation and explain the terms involved. 
It predicts the dependence of equilibrium pressure on temperature when two phases of a given substance 
coexist. H and V are the enthalpy and volume changes accompanying a process. 

7. What is assumption with which Clapayron equation yieldsClausius-Clapayron equation?(May 11) 
Clausius assumed that the vapor behaves ideally and introduced ideal gas equation in to Clapeyron 
equation, which resulted in Clausius-Clapeyron equation. 

8. Give ClausiusClapayron equation and explain the terms. 
Where H is heat of vaporization assumed to be constant, in the temperature range of T1 to T2 and P 

s
 and 

P 
s
 are the saturation pressures at temperatures T1 and T2 

9. State Duhem’s theorem. 
It states that for any closed system formed initially from the given masses of prescribed chemical 
species, the equilibrium state is completely determined when any two independent variables are fixed. 

10. Give the importance of Vapor liquid equilibrium. 
The most commonly encountered coexisting phases in industrial practice are vapor and liquid. To 
quantify the mass transfer between them, the departure of the system form equilibrium is very important 
and hence VLE data. 

11. What is the criterion applicable for low pressure VLE problems? 
At low pressures fugacity coefficient is assumed to be one since the vapor phase behaves ideally. 

12. What is Boiling point diagram? 
The boiling point diagrams are plots of temperature as ordinate against composition of liquid and vapor 
as abscissa. 

13. What is Poyting correction corrector? 

For high pressure VLE problems equation employed is 

The exponential in the above equation is known as pointing correction. 
14. What is equilibrium diagram? 

Equilibrium diagram is a plot in which equilibrium vapor composition is taken as the ordinate and 
corresponding liquid phase composition is taken as abscissa. 

15. Differentiate between minimum boiling and maximum boiling azeotropes? 
Minimum boiling azeotropes are those showing positive deviation from ideality and maximum boiling 
azeotropes are those showing negative deviation from ideality. 

16. What are azeotropes? Give examples. (May 16) 
Azeotropes are constant boiling mixtures. They are formed by solution showing large positive or 
negative deviation from ideality.Ex: Benzene – Ethanol mixture. Alcohol – water mixture. 

17. What is the effect of pressure on azeotropes? 
The azeotropic composition shifts continuously with change is pressure. In some cases changing in 
pressure may eliminate azeotropism from the system. 

18. What is Bubble point and dew point temperatures (May 12, May 16). 
Bubble point is the temperature at which first bubble of the vapor is produced, that is when the saturated 
liquid is further heated. Dew point is the temperature at which first drop of liquid condenses from a 
saturated vapor upon cooling. 

19. What are partially miscible and immiscible systems? Give an example each. 
Partially miscible systems are those in which the components are miscible only within a temperature 
range either above or below or in between two temperatures. Ex: Phenol water system. 
Immiscible systems are those in which components are not at all miscible irrespective of temperatures of 
the system. Ex: Benzene – Water. 

20. What are the applications of Ternary liquid equilibrium? 
Ternary liquid equilibrium finds application in three component systems like extraction, leaching. 

21. How do you mean by Activity? Give the importance of activity. 

Activity is the ratio of fugacity to the fugacity in standard state. It is relative fugacity. 

22. Give the importance of Gibbs-Duhem’s equation. 

 In the absence of complete experimental data on the properties of the solution,Gibbs Duhem’s 
equation may be used to calculate additional properties. 

 It can be used to test thermodynamic consistency of experimental data. 



 

 

23. What are Phase diagrams? 
Phase Diagrams, which indicate the phases present at a given temperature and composition, have often 
proved a difficult concept to understand. 

24. What is meant by minimum boiling azeotrope? 

Minimum boiling azeotropes are those shows positive deviation from ideality. 

25. What is meant by maximum boiling azeotrope? 

Maximum boiling azeotropes are those shows negative deviation from ideality. 
26. What is Relative volatility. 

Relative volatility is a measure of the differences in volatility between 2 components, and hence their 
boiling points. 

27. Explain zero area method for testing the consistency of VLE data? 
A plot of versus x1 is prepared and if the net area under the curve obtained is zero, then it is assumed that 
the data is consistent. This is also called as Redlich-Kister method. 

28. How can you test the consistency data using partial pressure data? 

Using Gibbs- Duhem’s equation 

29. How can you calculate the activity coefficient using Gibbs-Duhem’s equation? 

The above equation can be used for plotting the data graphically from which activity coefficient can be 
estimated. 

30. How would you estimate the composition of the vapor phase in equilibrium with two immiscible 
liquid phases? 

The relative proportions of two liquids in the distillate can be calculated remembering that the number of 
mole of each component present in the vapor phase is proportional to its Vapor Pressure. 

31. Write the basic equation for Vapor-Liquid equilibrium. 

 
32. What are minimum boiling azeotropes? 

When the positive deviation from ideality is very high and the boiling point of the components very 
close, then the mixture will form a constant boiling mixture at a temperature lower than that of the 
components is called minimum boiling azeotrope. 

33. What is meant by critical solution temperature? (May 12; May15; Dec 18) 

Temperature at which the heterogeneous solutions become homogenous solution is known as critical 
solution temperature. 

34. Draw T-x-y and P-x-y diagram for ideal solution. 

 

 

 

 

 

 

 

 

35. What is Thermodynamic Consistency test? 

Thermodynamic Consistency test are used to test the validity VLE data obtained through the 
experimental work. 

36. What is the term phase equilibria. (May 17) 
Phase equilibrium is the state of balance between two phases of a molecule. It occurs when the transfer 
of matter or heat energy from one phase to another phase is equal to the rate of transfer of matter or heat 
energy in the reverse direction. The driving forces of phase equilibrium are equal during phase 
equilibrium. The three different phases of compounds are solid, liquid and gas. To change phases, a 
compound must gain or lose energy in the form of matter or heat. Compounds can change from one 



 

 

phase to another if enough energy is applied to the system. 
37. What is plait point. (May 17) 

The point on the bonodal curve P, Which represents the last of the tie lines where the A-rich and B-rich 
phases become identical is called the plait point. 

38. In LLE, when the LCST and UCST will exist? (Dec 18) 

 
The upper critical solution temperature (UCST) or upper consolute temperature is the critical 
temperature above which the components of a mixture are miscible in all proportions. The lower critical 
solution temperature (LCST) or lower consolute temperature is the critical temperature below which the 
components of a mixture are miscible for all compositions.   The UCST and LCST of polymer mixtures 
in general depend on polymer degree of polymerization and polydispersity 

 

PART – B (CO203.3) 
1. Briefly explain the vapor pressure diagram and boiling point diagram for positive deviation and negative 

deviation from ideality. 
2. Explain in detail about ternary Liquid-Liquid Equilibria. (Dec 18) 
3. Assuming Raoult's law to be valid, prepare a P-x-y diagram for a temperature of 363.15 K (90°C) and a 

t-x-y diagram for a pressure of 90 kPa for Benzene(1) – ethylbenzene (2) mixture. Vapor pressure of 
components 1 and 2 are given by Antoine equation. Assume the boiling point of benzene is 76.4˚C and 
ethylbenzene is 131.2˚C. 

4. A mixture of Chloroform and Acetone with 66.6 mole % Chloroform forms azeotrope at 64.5
◦
C and 

1atm pressure. At this temperature, the vapor pressure of Chloroform is 858 mmHg and Acetone is 1100 
mmHg. Calculate the Van Laar constants for the system and then calculate the Activity coefficient of the 
solution containing 10mole % of Acetone. (May 15) 

5. The azeotrope of the Ethanol and Benzene system has a composition of 44.8 mole percent Ethanol with a 
boiling point of 62.8

o
C at 760mmHg. At 62.8

o
C, the vapor pressure of pure Benzene is 517mmHg and 

that of Ethanol is 506mmHg. Calculate the Margules constants for the system and determine the Activity 
coefficient for a solution containing 20 mole% of Ethanol. 

6. Discuss the various methods used for testing the thermodynamic Consistency of VLE data. 
7. Briefly explain the vapor pressure diagram, boiling point diagram and equilibrium diagram for ideal 

solutions. 
8. Mixtures of n-heptane (A) and n-octane (B) are expected to behave ideally. The total pressure over the 

system is 101.3 KPa. Using the vapor pressure data given below, construct (i) The boiling point diagram 
(T-x-y) and (ii) equilibrium diagram (iii) Deduce an equation for the equilibrium using an arithmetic 
average of relative volatility. 

9. X - Y forms azeotrope at 25
o
C containing 80% X. Find Van-Laar constants. The vapor pressure of X and 

Y at 25
o
C is 700 and 710 mmHg. Total Pressure is 760 mmHg. What is the composition of a vapor in 

equilibrium with liquid containing 30 % X? 
10. Derive and explain Co-existence equation in detail. 
11. Discuss the criteria for phase equilibrium of various systems. 

12. Discuss the following Phase diagrams in the case of Low-boiling azeotropes and High-boiling azeotrope; 

(i) T - x - y plot (ii) p - x - y plot (iii) x - y plot 
13. A vapour mixture containing 18% ethane, 17% propane, 62% isobutene and the rest n-butane is 

subjected to partial condensation so that 75% of the vapour is condensed. If the condenser temperature is 

300 K, determine the pressure.(May 16) 

14. At 300 K, the vapour pressure of benzene (A) and toluene (B) and 16 kPa and 5 kPa respectively. 
Determine the partial pressure and weight composition of the vapour in equilibrium with a liquid mixture 

consisting of equal weights of the two components.(May 16) 

15. Construct a P-X-Y diagram for the cyclohexane benzene system at 313.15K, the vapor pressure are P1s 
= 24.62 kpa and P2s = 24.41 kpa. The liquid phase activity coefficients are given by ln(gamma)1 = 

https://en.wikipedia.org/wiki/Critical_temperature
https://en.wikipedia.org/wiki/Critical_temperature
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0.458x22 and ln(gamma)2 = 0.458x12 (May 17) 

16. A solution consist of 40 % methanol (species 1) and 60 % water (species 2). Assume that methanol is 
completely miscible in water and that the solution behaves according to Raoult’s law. The saturation 
pressure correlations for the pure components are ln P1s = 20.61 – 4719.2/T ln P2s = 20.60 – 5205.2/T 

(i)If the temperature is maintained at 20⁰C, at what pressure will a vapor bubble begin to form? 

(ii) At this pressure and at 20⁰C, determine the ratio of moles of vapor in the vapor-liquid mixture and the 

vapor phase composition? 

(iii) At 20⁰C, what is pressure at which virtually the entire liquid has vaporized? Determine the liquid 

composition and the quality at this pressure. (May 17) 
17. Describe the relationship for Solid – Liquid and Solid – Vapor phase transition. (May 17) 
18. Ethyl alcohol and hexane form an azeotrope at 33.2% (mol) ethanol. It boils at 331.9K and 101.3 kPa. At 

331.9K, the vapour pressures are 44.25 kPa for ethanol and 72.24 kPa for hexane. Determine: (i) The 
Van Laar constants (ii) The vapour composition for a solution containing 50% (mol) hexane boiling at 
331.9 K. The total pressure for he conditions in part (ii). (Dec 18) 

19. Ethanol (1) / Benezene (2) system forms an azeotrope with 44.8 mol% ethanol with a boiling point of 
68.24⁰C at 760 Torr. The saturation pressures of ethanol (i) and benzene (ii) at 68.24⁰C are 506 Torr and 
517 Torr respectively. Estimate the Van Laar constants for the system and evaluate the activity 
coeffecients for a solution containing 10 mol% ethanol. (Dec 18) 

 

UNIT-IV 

CHEMICAL REACTION EQUILIBRIA 

PART - A (CO203.4) 
1. Explain the criterion of Chemical reaction equilibrium. (May 12) 

At equilibrium the total Gibbs Energy at G
t
 is minimum. Its differential is zero at equilibrium. 

2. What are Homogeneous and Heterogeneous reactions? 
Homogeneous reactions are those in which all the chemicals involved in a reaction are in the same 
physical phase. If not they are called Heterogeneous reactions. 

3. What are Single and Multiple reactions? 
The reactants reacting in only one manner and yielding specific products are called single reactions. The 
reactants reacting in different ways yielding different types of products are called multiple reactions. 

4. What is meant by Set of Primary reactions? 
Primary reactions are first step of intermediate reactions that altogether constitutes, microscopically 
observed overall chemical reaction. 

5. Explain the activities of reactants and products. 
The activities of reactants and products correspondingly decides the rate of forward and backward 
reactions and hence the overall rate. 

6. Explain the term ‘Reaction co-ordinate’ (May 15) 
The reaction coordinate measures the progress of a reaction and is explained as the degree to which a 
reaction has advanced. 

7. Write a note on the choice of Standard State in the study of Chemical reactions. 
The temperature in the standard state is the same as that of the reaction, and the pressure of 1 bar (or std 
1 atm) is used. 
For gases the standard state chosen is the pure component at the temperature of the reaction and at unit 
fugacity. 

8. Explain Equilibrium constant. (May 16) 
Equilibrium constant for a reaction is the ratio of product of activities of all products raised to their 
stoichiometric coefficients to that of the product of all activities raised to their stoichiometric 
coefficients. 

9. What are the various methods to compute equilibrium constant? 
Equilibrium constant can be computed from experimental data using std. heat of reaction or employing 
thermal data. 

10. What are the applications of equilibrium constant? 

Equilibrium constant is the most necessary data for the design of reactor systems. 
11. What is the effect of temperature on equilibrium constant? (Dec 10, May 12) 

Equilibrium constants are changed if you change the temperature of the system. Kc or Kp is constant at 
constant temperature, but they vary as the temperature changes. 

The effect of temperature on equilibrium constant is equivalent to the effect of temperature on Gibbs 



 

 

energy because: 

 

where is the reaction standard Gibbs energy, which is the sum of the standard Gibbs energies of the 
reaction products minus the sum of standard Gibbs energies of reactants. 

12. In what type of reactions, is the equilibrium constant independent of temperature? 
For the reactions in which the heat of reaction is negligible then their equilibrium constant is 
independent of temperature. 

13. What is the effect of Pressure on Reaction Equilibrium constant? 
The equilibrium const. explained in terms of activities of reactants and products is independent of 
pressure. 

14. What is Standard Free Energy and how it is related to equilibrium constant? 
Standard free energy is the change in the energy content observed in the system before and after the 
reaction. 

15. Is the Gibbs free energy change of a chemical reaction related to the work done by the system? 
Give an example. 
The Gibbs free energy change of a chemical reaction is related to temperature. 

16. Explain the term ‘Equilibrium Conversion’ 
Equilibrium conversion is the conversion obtained in the reactor system with its ΔG minimum. 

 

17. What reaction conditions affect the equilibrium conversion in chemical reactions? 
Temperature and activities of the reactants and products affects the equilibrium conversion in chemical 
reaction. 

18. What is the effect of Pressure on the Degree of conversion at equilibrium, for a gas phase reaction? 
(May 15) 
Though the equilibrium constant is unaffected by pressure it does affect the equilibrium composition in 
gas phase reactions according to the Le chtellier’s principle. 

 

19. What is the effect of Inert on equilibrium conversion? 

Inert affects the equilibrium conversion as per the above equation. 
20. What is the effect of Pressure on equilibrium constant? 

The pressure dependence of the equilibrium constant is usually weak in the range of pressures normally 
encountered in industry, and therefore, it is usually neglected in practice. 

21. Name the Experimental methodsof Determination of equilibrium constants. 
Potentiometric measurements 
Spectrophotometric measurements 
Absorbance Fluorescence (luminescence) intensity NMR Chemical 
shift measurements 
Calorimetric measurements 

22. What is the effect of temperature on exothermic reaction? (Dec 18) 
Effect of temperature on exothermic Reaction: As Temperature increases equilibrium constant decreases. 
This implies that a shift of reaction towards left. 
As Temperature decreases equilibrium constant increases which implies a shift of reaction towards right. 

23. What is the effect of temperature on Endothermic reaction? 
Effect of Temperature on Endothermic reaction: As temperature increases equilibrium constant 
increases. Reaction shifts towards the right. 
As temperature decreases equilibrium constant decreases which implies a shift of reaction towards left. 

24. State Hess’s law. 
Hess’s Law: Total change in enthalpy of a system is dependent on temperature, pressure, state of 
aggregation and state of combination at the beginning and at the end of the reaction and is independent 
of the number of intermediate chemical reactions involved. 

25. How do you What is Chemical equilibrium? (May 17) 
Chemical equilibrium: It is the point reached during a chemical reaction when the free energy change is 
zero. When a system under mechanical equilibrium does not tend to undergo a spontaneous change in its 
internal structure it is said to be in a state of chemical equilibrium. 



 

 

26. How do you What is Homogeneous Reactions? 
Homogeneous Reaction: Reactions that takes place in single phase are called homogeneous reaction. 

27. How do you What is Heterogeneous reactions? 
Heterogeneous Reaction: Reactions which requires the presence of a at least two phases. 

28. When the chemical reaction attains equilibrium? (May 17) 
The chemical equilibrium state describes concentrations of reactants and products in a reaction taking 
place in a closed system, which no longer change with time. In other words, the rate of the forward 
reaction equals the rate of the reverse reaction, such that the concentrations of reactants and products 
remain fairly stable, in a chemical reaction. Equilibrium is denoted in a chemical equation by the ⇌ 
symbol. The equilibrium state can only be reached if the chemical reaction takes place in a closed 
system. 

29. What is the effect of presence of excess reactants in the chemical reaction equilibrium constants? 
(Dec 18) 
Increasing the concentration of reactants will drive the reaction to the right, while increasing the 
concentration of products will drive the reaction to the left. 

30. Calculate the standard state gibbs free energy change and the equilibrium constant at 298.15K for 
the water-gas shift reaction. (Dec 18) 

 

 
PART – B (CO203.4) 

1. Derive the relation between the mole fraction of the species present in the reaction and the reaction 
coordinate. 

2. Calculate the equilibrium percentage conversion of Nitrogen to Ammonia at 700Kand 300atm, if the gas 
enters the converter with a composition of 75 mole% H2 and rest N2. The reaction is N2 + 3H2   2NH3 

Data: At 700K and 300atm, The reaction equilibrium constant, K = 0.0091. The correction term for 
Fugacity coefficients, Kf = 0.72. 

3. A gas mixture containing 25% CO, 55% H2 and rest inerts is used for Methanol synthesis at 300bar and 
623K. If the gases coming from the catalyst chamber is in chemical equilibrium with respect to the 
reaction CO + 2H2 CH3OH. What percent of CO would have been converted, if the equilibrium 
constant is0.00014? 

4. Explain Homogeneous and Heterogeneous reactions with suitable examples. 

5. Derive the relationship between standard gibbs free energy change and equilibrium constant from the 
fundamentals. 

6. For the reaction SO2 + ½ O2 SO3 in equilibrium at 900K, (i) What pressure is required for a 90% 

conversion of SO2, if the initial mixture is equi-molar in the reactants. Take Ka = 1.3 at 900K. (ii) 

Discuss the effects of P, T and total stoichiometric number on the equilibrium compositions for the 
above gas-phase reactions. 

7. Device a series of hypothetical steps for carrying out the gas- phase reaction aA+ bB → lL + mM 

8. When the reactants and the products are at their standard state. Show that the free energy changes 
calculated for these series of steps add up to give the result as ΔG° = - RT ln K. 

9. Compute the equilibrium mole fraction of each of the species in the gas phase reaction, CO2 + H2CO + 
H2O, at 1000K and at 1 atm total pressure. The reaction equilibrium constant Ka = 0.698 at 1000K. 
Standard state is pure gas at 1000K and 1atm. Initially there are equal amounts of CO2 and H2 present. 

10. Acetic acid is esterified in liquid phase with ethanol at 100
o
C and atmospheric pressure to produce ethyl 

acetate and water. 
The reaction is CH3COOH (A) + C2H5OH (B)       CH3COOC2H5 (C) + H2O (D). 
1 mole of A and 1 mole of B are fed. Using the data given below, 

11. Determine the mole fraction of ethyl acetate in the mixture at equilibrium. 
Data: A B C D 

Heat of formation at -484500 -277690 -285830 -463250 
298K (J/mole)     

Free energy of formation -389900 -174780 -237130 -318280 
at 298K (J/mole)     



 

 

12. Pure N2O4 at a low temperature is diluted with air heated to 25
o
C and 1atm. The mole fraction of N2O4 in 

the N2O4 - Air mixture before dissociation begins is 0.20. What is the extent of the decomposition and 
what are the moles fractions of N2O4 and NO2 present at equilibrium? The reaction equilibrium constant 
Ka = 0.154. 

13. Acetylene is catalytically hydrogenated to ethylene at 1120 
o
C and 1bar pressure. The feed consists of 

equimolar mixture of acetylene and hydrogen. Reactions are; 
 

Equilibrium constants for reactions 1 and 2 are 4x105 (K1) and 2.5x10-6 (K2). Calculate the 
composition of equilibrium mixture. 

14. Briefly discuss the chemical reaction equlibria of liquid phase reactions in detail. 
15. The gases from the pyrite burner of a contact sulphuric acid plant have the following composition: SO2 

= 7.8%, O2 = 10.8% and N2 = 81.4%. This is then passed into a converter where the SO2 is converted to 
SO3. The temperature and pressure in the converter are 775 K and 1 bar. The equilibrium constant for 
the reaction SO2 + ½ O2       SO3 may be taken as Ke= 85. Calculate the composition of gases leaving 

the converter(May 16) 

16. The standard heat of formation and standard free energy of formation of NH3 at 328K are -46,100 J/mol 

and 13,650 J/mol respectively. Calculate the equilibrium constant for the reaction. 
N2(g) + 3H2      2NH3 at 500K assuming that the standard of reaction is constant in the temperature 

range of 328 K to 500 K (May 17) 

17. Explain how the equilibrium constants expressed for gas and liquid phase reactions. (May 17) 
18. What is the effect of temperature on eqilibium constant? Using Van’t Hoff equation predict the effect of 

increasing the temperature on endothermic and exothermic reaction. (Dec 18) 

19. A mixture of 7.8 g of C2H5OH and 10 g of CH3COOH are retained at a constant temperature until the 
equilibrium is established, when 2.7 g of CH3COOH remain in the mixture. Estimate the equilibrium 

constant for this reaction and determine the equilibrium mixture formed by allowing 12g of C2H5OH, 8.1 

g of CH3COOH, 4 g of C2H5COOCH3 and 10 g of H2O to react above the circumstances. C2H5OH + 
CH3COOH = C2H5COOCH3 + H2O (Dec 18) 

20. A gas mixture containing 2 mol of CO2, 4 mol H2 and 1 mol water is undergoing the following reactions: 

CO2 + 3 H2 = CH3OH + H2O 
CO2+ H2= CO + H2O 

Develop expressions for the mole fraction of the species in terms of the extent of reaction. (Dec 18) 

 

UNIT-V 

THERMODYNAMIC DESCRIPTION OF MICROBIALGROWTH AND PRODUCT FORMATION 

PART - A (CO203.5) 

1. What is yield coefficient. (Dec 18) 

Yield coefficient is explained as the ratio of amount of biomass produced to the amount of substrate 
consumed. 

YX/S=(ΔX)/(ΔS) 

 
2. What is respiratory quotient. 

RQ is explained as the molar ratio ofCO2 formed to O2 consumed 
Respiratory quotient=RQ=(moles of CO2 formed)/(moles of O2 consumed) 

3. What is specific growth rate ?(May 17, Dec 18) 

 

 
4. What is degree of reduction? Find degree of freedom for methane. 

Number of equivalents of available electrons per gram atom Carbon. Available electrons are those that 
would be transferred to oxygen upon oxidation of a compound to CO2, H2O, NH3. 
γ for C =4, H=1, N=-3, O=-2, 



 

 

P=5, S=6 Ex: For CH4: 
[1(4)+4(1)] /1 =8 

5. What is meant by Electron balance? 
The number of electrons available for transfer to oxygen on combustion of substance to CO2, 
H2O and Nitrogen  containing compounds. 

6. Explain Catabolism and Anabolism. 
Catabolism: Energy containing molecules reduced to carbon-containing molecules are degraded to Co2 
and other oxidized end products, ATP etc. 
Anabolism: Intermediates and end products formed from catabolism are incorporated into cell 
constituents (DNA, RNA, lipids) 

7. Write the biomass elemental balance equation. 

For aerobic growth, 

 
CHXOY= Carbon source 
HlOmNn= Nitrogen source 
CHαOβNδ= Biomass 

8. Write Herbert-Pirt substrate distribution equation. (May 16) 

 

qs= substrate utilization rate; qp= product formation rate; Ms= maintenance coefficient; 
μ= specific growth rate 

9. Classify the stoichiometries for product formation. 

The main product appears as a result of primary energy metabolism. Eg : ethanol production (b) the main 
product arises indirectly from energy metabolism. Eg : citric acid formation. (c) the product is a 
secondary metabolite. Eg : Penicillin production. (d) Biotransformation. Eg : Steroid hydroxylation. 

10. What is biotransformation ? 
The product is obtained from substrate through one or more reactions catalysed by enzymes in the cells. 

11. Write the product formation stochiometry. 

 
CHXOY= Carbon source 
HlOmNn= Nitrogen source 
CHαOβNδ= Biomass CHvOw= 
Product 

12. What is yield factor, due to heat evolved. 

YΔ= grams of cells mass, per kilocalorie of heat evolved 

Ys= grams of cell produced per gram substrate consumed. 

ΔHs= heat of combustion of substrate 
ΔHc= heat of combustion of cell mass 

13. What is ‘average free energy’, in complete oxidation of multiple substrates. 

 
14. What is ζp 

15. What is modeling? 
Simple methods can be used to describe the results of practical fermentation studies of cell growth to 
very great effect, since it becomes possible to assign numerical values to such kinetic parameters as the 
specific growth rate ( ), the monod saturation constant (Ks), the biomass yield coefficient (Y /s), and 
maintenance coefficient (m), for any given fermentation models helps to increase the product formation. 



 

 

4 

16. What do you understand by cellular energetics? 
Evolution of aerobic metabolism was a major step in the history of life on planet Earth.explained as: 
series cytoplasmic & mitochondrial. linked enzymatic pathways catalyze stepwise OXIDATION of food 
molecules to make ATP. 
Physiological view: uptake of O2& release of CO2 

Biochemical view: O2 consumption & CO2 production 
17. What is maintenance gibbs free energy ?(May 17) 

 

18. Relate maintenance gibbs free energy to maintenance coefficients (mD,mA, mQ and mC). 

 

 

 

 
19. How will you relate growth rate to limiting substrate concentration? 

 

20. What is metabolic burden? 

The presence of non-catabolic product formation has a significant effect on μ(Cs) relation, such that the 
growth rate can be much lower when the product formation happens. This is called metabolic burden. 

21. List the functions of NADH. (May 15) 
It acts as a coenzyme in redox reactions,   as   a   donor   of   ADP-ribose   moieties   in ADP- 
ribosylation reactions, as a precursor of the second messenger molecule cyclic ADP-ribose, as well as 
acting as a substrate for bacterial DNA ligases and a group of enzymes called sirtuins that use NAD

+
 to 

remove acetyl groups from proteins. In addition to these metabolic functions, NAD
+
 emerges as an adenine 

nucleotide that can be released from cells spontaneously and by regulated mechanisms,
[34][35]

 and can 
therefore have important extracellular roles. 

 

PART-B(CO203.5) 

1. How will you estimate growth stoichiometry based on thermodynamics. (May 15; May 16; Dec 18) 

2. Determine growth stoichiometry from gibbs free energy dissipation 

3. Write an essay on stoichiometry of product formation. 
4. Derive Herbert-Pirt relation for electron donor.(May 17, Dec 18) 

5. Calculate the yield of biomass on enthalpy and gibbs energy (YQX and YGX) for Pseudomonas oxalaticus 
using NH 

+
as the N source. 

6. Discuss the thermodynamic relation between heat generation and biomass yield in a bioreactor. 

7. Discuss the effect of growth rate on growth stoichiometry. 
8. Explain Black box for biotechnological process. 

9. Derive a correlation for maximum specific growth rate for catabolism through ETC 

10. Explain about the formation thermodynamics. (May 16) 

11. Explain the thermodynamics relation to calculate the biomass yield on electron donor. (May17) 

https://en.wikipedia.org/wiki/Coenzyme
https://en.wikipedia.org/wiki/Redox
https://en.wikipedia.org/wiki/ADP-ribosylation
https://en.wikipedia.org/wiki/ADP-ribosylation
https://en.wikipedia.org/wiki/Second_messenger_system
https://en.wikipedia.org/wiki/Cyclic_ADP-ribose
https://en.wikipedia.org/wiki/DNA_ligase
https://en.wikipedia.org/wiki/Sirtuin
https://en.wikipedia.org/wiki/Acetyl
https://en.wikipedia.org/wiki/Nicotinamide_adenine_dinucleotide#cite_note-Smyth-34
https://en.wikipedia.org/wiki/Nicotinamide_adenine_dinucleotide#cite_note-Smyth-34
https://en.wikipedia.org/wiki/Extracellular


BT8303 – BASIC INDUSTRIAL BIOTECHNOLOGY 

QUESTION BANK – PART A 

UNIT –I 

1. Name two each of physical and chemical mutagens (Dec 2020) 

Chemical mutagens are alkylating agents and azides. Physical mutagens include 

electromagnetic radiation, such as gamma rays, X rays, and UV light, and particle 

radiation, such as fast and thermal neutrons, beta and alpha particle 

2. Give examples of enzyme, agricultural product, fuel, organic acid. (Dec 2020) 

Protease, lipase 

Fertilizer 

Biodiesel 

Citric acid, latic acid 

3. Define Fermentation (Nov/Dec 2016 & 2017) 

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

4. What are the types of industrial fermentation 

Industrial fermentation processes may be divided into two main types, with various 

combinations and modifications.  These are batch fermentations and continuous 

fermentations. 

5. Define Biotechnology  

Biotechnology can be defined as the application oriented integrated use of microbiology, 

biochemistry and engineering sciences.  
6. Give the major types of Bioreactors (Nov/Dec 2016) 

Constant Stirred Tank Reactors, Airlift bioreactors, Hydrodynamic reactors 
7. Write a role of Bioprocess Engineer in small scale Biotechnology industry? 

Role of bioprocess engineer like fermentation, downstream and microbiology lab, utilities 

maintenance packaging and forwarding 

8. Define homolactic fermentation 

Homolactic fermentation is the production of lactic acid exclusively. 

9. Define hoterolactic fermentation 

Heterolactic fermentation is the production of lactic acid as well as other acids and 

alcohols. 

10. What is known as upstream processing (Dec 2017) 

The unit operations that are involved from raw material procuring, media preparation, 

inoculums preparation, inoculums addition and up to fermentation are collectively called 

as upstream processing. 

11. What is downstream processing (Dec 2015) 

The unit operations that are involved after fermentation, product extraction and 

purification up to packing and forwarding are collectively called as downstream 

processing. 

12. Differentiate traditional and modern biotechnology 



Traditional biotechnology is centered by active techniques which lack efficacy and 

accuracy. Modern biotechnology uses gene manipulation to actively engineer organisms 

with high efficiency and accuracy. 

13. Give some examples for fermented product 

Beer, wine, yogurt, cheese, certain sour foods containing lactic acid, including 

sauerkraut, kimchi and pepperoni, bread leavening by yeast, sewage treatment, some 

industrial alcohol production, such as for biofuels, hydrogen gas 

14. Explain about ethanol fermentation 

Yeast and certain bacteria perform ethanol fermentation where pyruvate (from glucose 

metabolism) is broken into ethanol and carbon dioxide. The net chemical equation for the 

production of ethanol from glucose is:  

C6H12O6 (glucose) → 2 C2H5OH (ethanol) + 2 CO2 (carbon dioxide) 

Ethanol fermentation is used the production of beer, wine and bread. It's worth noting 

that fermentation in the presence of high levels of pectin result in the production of small 

amounts of methanol, which is toxic when consumed. 

15. What are the different types of flow sheeting? (Dec 2017) 

Block diagram, Pictorial representation, process flow diagram, Piping and 

instrumentation diagram. 

16. Name some high priced and very high priced products 

Enzymes, vitamins, antibiotics, vaccines – are high priced 

Monoclonal antibodies, tissue plasminogen activator - priced up to 1crore $ per tonne. 
17. Write advantages and limitations in using bacteria and fungi in fermentation (Dec 

2015) 

Bacteria: advantage:  high growth rate, limitation: prone to easy contamination, pH 

dependent  

Fungi: advantage: more metabolites production limitation: very low growth rate. 

 

 

18. List down various Modern Biotech Products and its applications. 

Enzymes, vitamins, antibiotics, vaccines – are high priced, Monoclonal antibodies, tissue 

plasminogen activator - priced up to 1crore $ per tonne. 

19. What is feedback inhibition? 

End product inhibiting the route of product synthesis at a single point concept. The 

example is to be furnished. 

20. Explain Bioprocess technology 

Application of natural or genetically manipulated (recombinant) whole cells/ tissues/ 

organs, or parts for the production of industrially or medically important products. 

21. Define flow sheeting 

It is the diagrammatic representation of the process into more explanatory ways. To know 

arrangement of equipment and Process stream and Process connection and process stream 

flow rate and opearation condidtion.  

22. How Pasteur demonstrate the use of yeast in fermentation process 

Pasteur was the first to demonstrate experimentally that fermented beverages result from 

the action of living yeast transforming glucose into ethanol. He demonstrated that only 

microorganisms are capable of converting sugars into alcohol from grape juice, and that 



the process occurs in the absence of oxygen. He realized that fermentation is a 

consequence of the yeast multiplication, and the yeast have to be alive for alcohol to be 

produced. Pasteur published his seminal results in a preliminary paper in 1857 and in a 

final version in 1860, which was titled "Mémoire sur la fermentation alcoolique"  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



UNIT –II 

 

1. What are the pretreatment should be given to substrate if molasses is used for citric 

acid production? (Dec 2020) 

A combined treatment of molasses with tricalcium phosphate, hydrochloric acid, and 

Sephadex fractiona- tion minimizes the level of inorganic and organic inhibi- tors in 

molasses and increases the production of citric acid (65% weight yield based on total 

reducing sugar) 

 

2. Distinguish between homo-fermentative and hetero fermentative lactic acid 

bacteria.(Dec 2020) 

Homofermentative means that lactic acid is the principal metabolite without production 

of gas (CO2) and flavour compounds. Heterofermentative means that lactic acid is the 

principal end product of fermentation but technologically significant amounts of one 

or more of the following metabolites are also produced. 

 

3. What are primary metabolites? (Dec 2015) (Nov/Dec 2016) 

A primary metabolite is a kind of metabolite that is directly involved in normal growth, 

development, and reproduction. It usually performs a physiological function in the 

organism (i.e. an intrinsic function). 

4. What do you understand from primary metabolite? (Dec 2017) 

The Compounds which are produced during the growth phase of the microorganism, 

growth oriented, falls in primary metabolism route (eg. Organic acids, amino acids etc) 

5. Give some examples for primary metabolites? 

Aminoacids, Vitamins, nucleotides, polysaccharides, ethanol, butanol, acetone lactic acid 

etc. 

6. Give some names of microorganism involved in the production of primary 

metabolites 

Saccharomyces cerevisiae, Aspergillus niger, clostridium acetobutylicum. 

7. Write a notes on Trophophase and Ideiophase  

Trophaphase: the active growth phase where the culture grows and produces all primary 

metabolits upon requirement, nutrients dependent and growth depended products.  

Ideophase: during stationary phase, producing products secondary metabolits which are 

non-growth depended, a inducer or precursor is need to promote the secondary metabolite 

 

8. Mention the different production methods of Acetic acid 

Acetic acid (Vinegar) production has two steps Alcohol fermentation and Acetic acid 

conversion by oxidation. There are 3 process, Orleans, Quick vinegar and Deep 

fermentation process 

9. What is Millard reaction and its significance in fermentation industry. 



During the process sterilization, in the presence of amino acids, the carbohydrates react to 

give a toxic substance; The reaction between amino group of amino acid and carbonyl 

group of carbohydrates reacts to form black colour pigments used in caramel industry. 

10. What are the important requirements for a cost-effective fermentation of organic 

feedstocks from plant carbohydrates 

 Low transportation costs of raw material. 

 Low costs to convert polymers to monomers 

 Use of mixed culture to catabolize different substrates to convert them to desired 

product 

 Low recovery and concentration costs 

11. Name the steps involved in ethanol production 

1) Preparation of nutrient solution, 2) Fermentation & 3) Dsitillation. 

12. Give a process flow sheet of alcohol production from molasses. 

Molasses – Dilutes – yeast vessel – fermentation – Analyzer – Rectifier – ethanol 

recovery and fuel oil recovery 

13. What is kojic acid? 

Kojic acid is a chelating agent produced by several species of fungi, especially 

Aspergillus oryzae, which has the Japanese common name koji. Kojic acid is a by-

product in the fermentation process of malting rice, for use in the manufacturing of sake, 

the Japanese rice wine. It is a mild inhibitor of the formation of pigment in plant and 

animal tissues, and is used in food and cosmetics to preserve or change colors of 

substances. It forms a bright red complex with ferric ions. 

14. List any two uses of 2, 3 Butanediol. (Nov/Dec 2016) 

Widely used as the permanent type of ant freezing compound during preservation, and 

also used as synthesis of methyl ethyl ketone and methyl vinyl carbinol in plastic making 

process. 

15. What are commercial uses of amino acid (Dec 2017) 

 Additives to animal feed 

 flavor enhancer 

 low-calorie artificial sweetener 

 synthesis of drugs and cosmetics 

16. What are the methods used to produce nucleotides 

Enzymatic or Chemical method & Direct fermentation. 

17. What is Rennin and mention its use 

  Renin is commercially important milk clotting protease enzyme, which is microbiological 

   in origin, mostly used in dairy industry in Cheese, Yogurt  making 

18. Write any two Vitamins and its production organisms. (Dec 2015) 

  Vitamin B12 is produced by Streptomyces griseus 

Vitamin C is produced by Acetobacter Suboxydans 



19. State any two techniques of immobilization. 

Whole cell immobilization or Enzyme immobilization using glutaraldehyde linkage or 

Cross linking type using alginate. 

20. What is Millard reaction and its significance in fermentation industry. 

During the process sterilization, in the presence of amino acids, the carbohydrates react to 

give a toxic substance, this process is widely used in the confectionary industry. 

21. Define submerged fermentation 

Submerged fermentation is a fermentation process that can be carried out in two ways 

such as such as surface and submerged production. Submerged production began in the 

1930's and is still the main method that is used today. It is performed by having a sterile 

medium and mould added to a large tank where it is constantly mixed together. A supply 

of sterile air is then bubbled through to create an aerobic fermentation process. It is used 

to make products such as lactic acid and citric acid. 

22. Define catabolite repression 

catabolite repression is when the presence of the "breakdown" product shuts down the 

system. If glucose is present, it inhibits adenyl cyclase and so cAMP isn't produced. 

Without cAMP to bind to the CAP binding site, RNA polymerase doesn't bind and so 

transcription is diminished. 

 

 

 

 

 

 

 

 

 

 

 

 

 



UNIT – III 

1. Limitation of natural penicillin (Dec 2020) 

(1) It is degraded by gastric acid and hence when used optimally it is usually given 

parenterally, 

(2) It is destroyed by the enzyme penicillinase which is elaborated by certain organisms 

 

2. List the various types of microbial biotransformation reactions (Dec 2020) 

Enzymatic and Non-enzymatic. Enzymatic are further divided into Microsomal and 

Non-microsomal. Enzymatic Elimination is the biotransformation occurring due to 

various enzymes present in the body 

 

3. Mention four types of antibiotics. (Nov/Dec 2016) 

Aminoglycosides antibiotics, Macrolide antibiotics, Tetracycline antibiotics, Peptide 

antibiotics. 

4. What are secondary metabolite (Nov/Dec 2016) 

Secondary metabolites are organic compounds that are not directly involved in the 

normal growth, development, or reproduction of an organism. 

5. Name some important components present in production medium of antibiotic 

production using microrganism 

Corn steep liquor, lactose, phenylacetic acid  

6. What is feed back repression? 

Inhibition offered by the end product in the every sequence of the     production formation 

Draw the required tree diagram for this.  

7. What are the Precursors used in the production of Penicillin G and Pen V? (Dec 

2015) 

Penicillin G is Benzyl penicillin  - Phenyl acetic acid derivaties  Penicillin V is Phenoxy 

methyl penicillin    

8. How penicillin is recovered after fermentation? 

Penicillin is recovered from broth, by counter currant extraction.  

9. Draw the structure of ß-lactam ring (Dec 2014) 

                  

10. Define penicillin- binding protein 

A group of proteins that are characterized by their affinity for and binding of penicillin. 

They are a normal constituent of many bacteria; the name just reflects the way by which 

the protein was discovered. All β-lactam antibiotics (except for tabtoxinine-β-lactam, 

http://en.wikipedia.org/wiki/File:Beta-lactam.svg


which inhibits glutamine synthetase) bind to PBPs, which are essential for bacterial cell 

wall biogenesis. 

11. What is bacitracin 

Bacitracin is a mixture of related cyclic polypeptides produced by organisms of the 

licheniformis group of Bacillus subtilis var Tracy, first isolated in 1945. These peptides 

disrupt both gram positive and gram negative bacteria by interfering with cell wall and 

peptidoglycan synthesis. 

12. What is clavulanic acid 

It is a β-Lactamase inhibitor combined with penicillin group antibiotics to overcome 

certain types of antibiotic resistance.It is used to overcome resistance in bacteria that 

secrete β-lactamase, which otherwise inactivates most penicillins. 

13. Define siderochrome 

They are iron binding natural substances containing hydroxamic acid and bring about the 

formation of ferrihrdroxamate complexes. 

14. Define nocardicins 

Nocardicin A is a β-lactam antibiotic included in the monobactam subclass. It is secreted 

by the bacterium Nocardia uniformis subsp. 

15. List out peptide antibiotics 

Cycloserine & azaserine 

16. hat are macrolides 

The macrolide antibiotics typically have a large lactone ring in their structure and are 

much more effective against gram-positive than gram-negative bacteria. 

17. Write the function and site of action of tetracycline antibiotics 

It inhibit protein synthesis. Their site of action is the 30S ribosome. 

18. Givesome examples for nucleoside antibiotics 

Blasticidin, mildiomycin and polyoxins. 

19. Define steroids 

A steroid is a type of organic compound that contains a characteristic arrangement of four 

cycloalkane rings that are joined to each other. 

20. What are the biological significance of steroid (Dec 2015) (Nov/Dec 2017) 

Steroid and their metabolites are frequently used signalling molecules. The most notable 

examples are the steroid hormones.Steroids along with phospholipids function as 

components of cell membranes. Steroids such as cholesterol decrease membrane fluidity. 

Similar to lipids, steroids represent highly concentrated energy stores. However, steroids 



are not typically used as sources of energy. In mammals, they are normally metabolized 

and excreted. 

21. Write mode of action of rifampicin 

Rifampicin inhibits bacterial DNA-dependent RNA synthesis by inhibiting bacterial 

DNA-dependent RNA polymerase 

22. Draw the structure of chloramphenicol 
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UNIT –IV 

1. Compare the advantages of nisin over other similar products (Dec 2020) 

The use of nisin can also allow a reduction in the F0 process down to the minimum of 3 

without increasing the potential risk of thermophilic spoilage 

 

2. Write the applications of different types of proteases. (Dec 2020) 

Protease enzymes account for nearly 60% of the industrial market in the world. They 

have applications in a number of biotechnological processes, in food processing, 

pharmaceuticals, and many industries including leather, silk, bakery, soy, meat and 

breweries 

 

3. What is meant by biopolymers? (Dec 2015) (Nov/Dec 2016, 2017) 

Biopolymers: Definition of large molecules formed by living cells, synthetic method of 

production, polymerization eg. Hyaluronate polymers uses in wound healing, 

chromatography columns and chocolate bars fillings 

4. What are the copolymers for bioplastic making? 

Bioplastic is  made using Polyhydroxyutyrate and polyhydrovaleric acid as copolymers 

5. State briefly about high fructose syrup 

High fructose syrup: Glucose isomerases (D-glucose ketoisomerase) cause isomerization 

glucose to fructose, reversible reaction, mixture of glucose / fructose formed, Ratio of 

these depends on enzyme quantum and temperature Glucose has 70-75 percentage of 

sweetness of sucrose but fructose (sweetest monosaccharide) has twice the sweetening 

strength of glucose. 

6. Write the advantages of biodiesel  

Advantages of vegetable oil based fuel as, can be used as pure or in a mixture of 

hydrocarbon, non toxic, safe to handle and biodegradable, no evaporation of low boiling 

components, emission effect is favorable  

7. What are the advantages of SCPs? (Dec 2015) (Nov/Dec 2016, 2017) 

Advantages of SCP over plant protein, with amino acid content, protein content in dry 

biomass of 45 to 80 percentage, SCP used as pollution treatment. 

8. Write some examples of bioconversion process 

Hydroxylation cortisone to hydrocortisone, Hydrolysis of ester glycosides lactones, 

tartaric acid by acetobactor suoxydans, 6 amino penicillanic acid is to semisyntheitic 

penicillins by bacterial acylases and fungal acylases. 

9. What are the advantages of Biopesticides? (Dec  2017) 

Advantages like harmless and non toxic, high specificity of most pathogen, small 

quantity is used, slow action and susceptible to host and other protected, ease and 

inexpensive production, large scale is possible 



10. Define bioremediation (April  2017) 

Bioremediation is a waste management technique that involves the use of organisms to 

remove or neutralize pollutants from a contaminated site. 

11. What are the types of bioremediation 

In-situ bioremediation and Ex-situ bioremediation. 

12. Name some biopreservatives 

Biopreservatives: prevents food spoilage, natural preservatives lacetic acid, vinegar, salt, 

dextrose, edible oil, honey spices and sugar, chemical like sodium, potassium and 

calcium salts, regulation by food regulation board. Antibiotics like pimaricin, tylosin, 

nisin , chlorotertra cyclones are used 

13. Define biofertilizer 

Biofertilizer is a substance which contains living microorganisms which, when applied to 

seed, plant surfaces, or soil, colonizes the rhizosphere or the interior of the plant and 

promotes growth by increasing the supply or availability of primary nutrients to the host 

plant. 

14. Name some important groups of biofertilizer 

Azolla-Anabena symbiosis: Azolla is a small, eukaryotic, aquatic fern having global 

distribution.Prokaryotic blue green algae Anabena azolla resides in its leaves as a 

symbiont. Azolla is an alternative nitrogen source.. 

Rhizobium: Symbiotic nitrogen fixation by Rhizobium with legumes contribute 

substantially to total nitrogen fixation. Rhizobium inoculation is a well-known agronomic 

practice to ensure adequate nitrogen. 

15. List out the benefits of biofertilizer 

A bio-fertilizer can symbiotically associate with plant roots, readily converts complex 

organic material in simple compounds, so that plants are easily taken up and 

improvement of the soil fertility. It increases crop yield by 20-30% and stimulates plant 

growth. It can also provide protection against drought and some soil-borne diseases.  

16. Define cheese 

Cheese is an important product of fermentative lactic acid bacteria. Particularly in the 

past, cheese was valued for its long shelf life. Due to its reduced water content, and acidic 

pH, bacterial growth is severely inhibited. This causes cheese to spoil much more slowly 

than other milk products. 

17. Define curdling 

A required step in cheese making is separating the milk into solid curds and liquid whey. 

Usually this is done by acidifying (souring) the milk and adding rennet. The acidification 

can be accomplished directly by the addition of an acid, such as vinegar 

18. Define cheddaring 

The curd is repeatedly piled up, pushing more moisture away. The curd is also mixed (or 

milled) for a long time, taking the sharp edges off the cut curd pieces and influencing the 

final product's texture. 

19. What do you  mean by vinification? 

It means production of wine 



20. Define pigeage 

Pigeage is a French winemaking term for the traditional stomping of grapes in open 

fermentation tanks. 

21. What is meant by cold stabilization? 

Cold stabilization is a process used in winemaking to reduce tartrate crystals (generally 

potassium bitartrate) in wine. These tartrate crystals look like grains of clear sand, and are 

also known as "wine crystals" or "wine diamonds".  

22. Write a note on nutritional value of mushroom 

Mushrooms are a low-calorie food eaten cooked or raw and as garnish to a meal. Dietary 

mushrooms are a good source of B vitamins, such as riboflavin, niacin and pantothenic 

acid, and the essential minerals, selenium, copper and potassium. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

UNIT – V  

 

1. Why plant organ culture are preferred over suspension cultures for secondary 

metabolite production? (Dec 2020) 

Plant cell cultures represent a potential source of valuable secondary metabolites which 

can be used as food additives, nutraceuticals, and pharmaceuticals. The synthesis of 

phytochemicals by the cell cultures in contrast to these in plants is independent of 

environmental conditions and quality fluctuations. 

 

2. How has rDNA been used to improve substilisin? 

The increased availability and lower cost of enzymes resulting from the development 

of recombinant DNA technology has also stimulated interest to improve plants' resistance 

to pests and increase crop yields.  

 

3. What are the uses of recombinant protein (Dec 2015, 2017) 

Uses of recombinant protein as analytical enzymes, as a tool in genetic engineering, as 

therapeutic protein as insulin, blood  coagulation factors, snake venum, and its antibody 

production, development of protein drugs examples as human growth hormone, alpha 

interferon, hepatitis B Vaccine,CSF 

4. What are the advantages of animal cell system for therapeutic protein expression 

(Dec 2015) 

Mammalian cells as Chinese hamster ovary, baby hamster kidney cells, high level 

expression, protein properly folded and glycosylation and post translation modification 

etc, human cell line and gene activation technology. 

5. Define recombinant protein (April  2017) 

Recombinant protein is a protein that whose code is carried by a recombinant DNA. The 

term recombinant DNA means that two segments of DNA in a plasmid. 

6. What is recombinant technology  

This is the rDNA technology which uses the gene in insert and clone in new vector to 

produce the required product. 

7. Name any two products produced in animal cell culture  (April  2017) 

The monoclonal antibodies and interferon are the examples 

8. Define totipotency (Nov/Dec 2016) 

The ability of cell differentiating into any form of tissue  

9. Give some examples for recombinant protein 

Humulin, Erythropoietin ,Granulocyte colony-stimulating factor, Bovine somatotropin 

10. Name some major culture collection centres 



National collection of type culture (NCTC), American type culture collection (ATCC), 

National collection of Industrial bacteria (NCIB) etc. 

11. Write any two expression host systems for recombinant proteins. 

  Mammalian cell Chinese Hamster Ovary cell line, and Insect cell line with virus. 

12. What is the reason for using mammalian cell culture in bioprocess. 

In order to produce valve added therapeutic proteins the mammalian cell culture are used 

eg. Vaccines. Etc. 

13. What are revertants? 

The mutants that undergo reversion to its original character, or any new character, called 

revertants 

14. Define vaccine 

A vaccine is a biological preparation that improves immunity to a particular disease 

15. What are the types of vaccine 

Killed, attenuated, conjugated, toxoids, subunit vaccine etc 

16. Define plating density 

It is defined as number of cells per volume of culture medium. 

17. Define adherent cell 

Adherent cells are anchorage-dependent and propagate as a monolayer attached to the 

cell culture vessel. 

18. What is meant by mutation? 

A sudden change occur in the genome of the cell, so as to alter the genotypic and 

phenotypic characters of the cell 

19. What is meant by spontaneous mutation? 

The mutation that occur in nature by any cause, this possible in one cell in 10
9
 cell 

population. 

20. Define monoclonal antibodies 

Monoclonal antibodies are monospecific antibodies that are the same because they are 

made by identical immune cells that are all clones of a unique parent cell. 

21. Define polyclonal antibody 

Polyclonal antibodies are antibodies that are secreted by different B cell lineages within 

the body. 

22. Explain how a Mammalian cell fits to be as recombinant protein expression system. 

Recombinant protein produced in the medium is properly folded and glycosylated and 

also post translational modification can be done insitu, 



 

 

 



BT8303 – BASIC INDUSTRIAL BIOTECHNOLOGY 

QUESTION BANK – PART B 

UNIT – I 

1. Give the outline of industrial fermentation process. (Dec 2020) 

2. Explain various milestones of Historical development of Bioprocess industries.  

3. Explain different unit operation involved in Downstream Processing. (Dec 2014, 

2015, 2016, 17) 

4.  Explain in detail about bacterial fermentation. 

5. Explain in detail about Yeast fermentation. 

6. Explain in detail about fungal fermentation and its applications. 

7. Write a detailed note on Flow Charts & Block diagram used in Process industry (Dec 

2014) 

8. Write essay on Utilities and functions of the components of reactor (Dec 2014) 

9. Explain the various Unit processes involved in integrated Bioprocess industry.  

 

 

UNIT – II 

1. Describe the industrial production of L glutamic acid production and its uses. (Dec 

2020) 

2. Give a note on primary metabolites and its production methods. (Dec 2015) 

3. Explain industrial production and applications of Citric Acid (Dec 2015) (Nov/Dec 

2016) 

4. Explain different production and applications of Acetic Acid (Nov/Dec 2016) 

5. Illustrate the production process of Ethyl alcohol   (Dec 2017) 

6. Draw block diagram and the explain the DSP of Alcohol.  

7. Give a detailed note on the industrial production of Lactic acid 

8. Describe the occurrence, significance, structure and biosynthesis of Vitamin B12 (Dec 

2015, 2017) 

9. Compare solid state fermentation and submerged fermentation for acetic acid 

production. (Dec 2020) 

 

 

UNIT – III 

1. Explain the production of ascorbic acid by fermentation.(Dec 2020) 

2. Write about industrial production of macrolide antibiotic with flow chart. (Dec 2020) 

3. What are the secondary metabolites and its production methods. (Dec 2015, 2017) 

4. Explain the detailed methods of production and applications of Penicillin (Dec 2014, 

Dec 2015) 

5. Give  the detailed methods of production and applications of Cephalosporin. 

6. Explain the detailed production methods and applications of Erythromycin  

7. What are the various  production methods and applications of Bacitracin 

8. Illustrate various production  methods and applications of Tetracycline 



9. State and explain the production and applications of Steroid Transformations (Dec 

2016) 

 

 

 

UNIT – IV  

 

1. Analyze the use of biofertilizers. (Dec 2020) 

2. Give  the detailed methods of production and applications of Amylases (Dec 2015) 

3. State and explain the detailed methods of production and applications of Proteases 

4. Mention the various detailed production methods and applications of Lipase 

5. Give the details of Biopreservatives and its advantages (Dec 2014) 

6. Explain production methods and applications of SCP, State the advantages (Dec 

2014, 2106, 2017) 

7. Explain in detail about cheese making process 

8. State and explain different production methods and applications of Xanthan gum 

(Dec 2014) 

9. Explain in detail about steps involved in wine production (Dec 2017) 

10. Explain the details of Mushroom cultivation.  

 

UNIT – V 

1. Discuss the challenges involved in production of modern Biotech products. (Dec  

2017) 

2. State and explain the production and applications of Recombinant Proteins. (Dec 

2014, 17) 

3. Mention production methods and applications of Monoclonal Antibodies (Dec 2014, 

Dec 2015) 

4. Explain the detailed production methods and applications of Plant Cell culture (Dec 

2015) 

5. Explain the detailed production methods and applications of Animal Cell culture 

6. Write short note on Therapeutic proteins and Applications of animal cell culture. 

7. Explain in detail about bioprocess strategies in animal tissue culture (Dec 2014) 

8. Explain in detail about bioprocess strategies in Animal tissue culture. (Dec 2014) 

9. Design the strategy for the Mab for diagonistic purposes. (Dec 2020) 

 

 



BT8303 – BASIC INDUSTRIAL BIOTECHNOLOGY 

QUESTION BANK – PART C 

UNIT –I 

1. In a bioprocess industry, identify operations where steam is used. Explain it 

2. Explain various types of fermentation process, on the basis of product formation. 

(2017) 

3. Explain the advantage of modern biotechnology over traditional biotechnology. (Dec 

2016) 

4. Explain the microbes role played and strain selection of production isolate (Dec 2015) 

5. State the criteria for choosing the raw material for commercial production process. 

(Dec 2020) 

 

 

 

UNIT – II 

1. Discuss the fed batch sugar feeding strategy for l-phenylalanine production. 

2.  Describe the production of organic acid and alcohol from agricultural waste. 

3. Explain about the methods of achieving enzyme stability. 

4. State the commercial production of l-Aspartic acid. (Nov/Dec 2016) 

 

 

 

UNIT – III 

1. Mention the various types of antibiotics available and its mode of actions. (Nov/Dec 

2016, 2017) 

2. Write about industrial production of macrolide antibiotic with flow chart. (Dec 2020) 

3. Mention the various detailed production methods and applications of Streptomycin. 

(Dec 2015) 

4. State and explain the detailed production methods and applications of Tylosin. 

5. State and explain the detailed production and applications of Steroid Transformations. 

(Dec 2016) 

 

 

 

UNIT – IV 

1. Illustrate various production  methods and applications of Biofertilizers (Dec 2015) 

2. State and explain the detailed production and applications of Biopesticides. 

3. State and explain different production methods and applications of PHA, PHB  

4. Explain in detail about bioremediation and its types. (Dec 2015) (Nov/Dec 2016, 17) 

5. Give the details on Biodiesel Production Process. (Nov 2015, Dec 2016) 

6. Discuss the pros and cons of bioremediation (Dec 2020) 

 



 

UNIT – V 

1. Mention production methods and applications of Monoclonal Antibodies (Dec 2014, 

Dec 2015) 

2. Give  the detailed methods of production and applications of Vaccines Production 

(Dec 2017) 

3. Explain in detail about types of vaccine and Insulin (Dec 2015) (Nov/Dec 2016) 

4. Explain in detail about bioprocess strategies in plant tissue culture  (Nov/Dec 2016, 

2017) 

5. Analyze how rDNA has helped in development of therapeutic compounds with the 

example of human growth hormone. (Dec 2020) 

6. Justify the PTC used for producing the commercially important products. List out the 

various commercial PTC products.  State the advantages. (Dec 2020) 
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PART – A 
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1.Define ionic bond with ionization energy(Dec 2019) 

Ionic bond is the complete transfer of valence electron(s) between atoms. It is a type of 

chemical bond that generates two oppositely charged ions. Ionization energy is the amount of 

energy required to remove the most loosely bound electron, the valence electron, of an isolated 

neutral gaseous atom or molecule. 

2.What is Lewis acid ? Give example (Dec 2019) 

A Lewis acid is a chemical species that contains an empty orbital which is capable of 

accepting an electron pair from a Lewis base to form a Lewis adduct. A Lewis base, then, is any 

species that has a filled orbital containing an electron pair which is not involved in bonding but 

may form a dative bond with a Lewis acid to form a Lewis adduct. For example, NH3 is a Lewis 

base, because it can donate its lone pair of electrons. Trimethylborane (Me3B) is a Lewis acid as 

it is capable of accepting a lone pair. 

3.Distinguish configuration and confirmation isomers (Dec 2018) 

Conformational isomers - those that rapidly interconvert at room temperature; they 

cannot be separated. They result from rotation about C-C single bonds (and from inversion of the 

electron pair on nitrogen).  

Configurational isomers - separable isomers that do not readily interconvert. Most would 

require "breaking" and "making" of bonds. a. cis-trans (olefins) b. chiral centers - absolute 

stereochemistry Configurational isomers cis and trans olefins  

 
4.Define Pauli exclusion principle.  

Two electrons may occupy the same orbital only when they have opposite, or ―paired,‖ 

spins.  

5.Define Atomic number.  

The atomic number of a chemical element is the number of protons found in the nucleus 

of an atom of that element, and therefore identical to the charge number of the nucleus. 

6. Define Hund’s rule.  

Every orbital in a subshell is singly occupied with one electron before any one orbital is 



doubly occupied, and all electrons in singly occupied orbitals have the same spin. 

7. Define octet rule. (Dec 2015, Dec 2017, Dec 2022)  

Atoms of low atomic number tend to combine in such a way that they each have eight 

electrons in their valence shells, giving them the same electronic configuration as a noble gas. 

8. Define electronegativity. (Dec 2014, Dec 2017)  

The tendency of an atom to draw the electrons in a covalent bond toward itself is referred 

to as its electronegativity. An electronegative element attracts electrons 

9. What do you mean by formal charges?  

 A formal charge is the charge assigned to an atom in a molecule, assuming that electrons 

in a chemical bond are shared equally between atoms, regardless of relative electronegativity. 

10. What is resonance? (Dec 2015) 

Resonance structures are used when  one Lewis  structure  for  a  single  molecule cannot 

fully describe the bonding that takes place between neighboring atoms relative to the empirical 

data for the actual bond lengths between those atoms. The net sum of valid resonance structures is 

defined as a resonance hybrid, which represents the overall delocalization of electrons within the 

molecule. 

11. How does resonance influence the ability of a base to share electrons with a proton?  

A base that has resonance delocalization of the electron pair that is shared with the proton 

will be less basic than a base without resonance. Since a weaker base has a stronger conjugate acid, 

a compound whose conjugate base enjoys resonance stabilization will be more acidic. 

12. Which O-H proton is more acidic, ethanol (CH3CH2OH) or acetic acid (CH3CO2H)?  

 

 

 

 

 

Because acetate ion has resonance that delocalizes the electron pair to be shared with a 

proton and ethoxide ion does not, acetate ion is a weaker base than ethoxide ion. 

13. Define Arrhenius and Bronsted Lowry theories.  

Arrhenius theory: Acids are substances which produce hydrogen ions in solution. Bases 

are substances which produce hydroxide ions in solution.  

Bronsted Lowry theories: An acid is a proton (hydrogen ion) donor. A base is a proton (hydrogen 

ion) acceptor.  

14. Write about sp3 hybridisation  

In, ethane, each methyl group consists of an sp3-hybridized carbon attached to three 

hydrogens by sp3–1s  bonds. Overlap of the remaining half-filled orbital of one carbon with that 

of the other generates a  bond between them. In general, carbon will be sp3-hybridized when it 

is directly bonded to four atoms. 

 

15. What are stereoisomers? 



Stereoisomers are isomers that have their atoms bonded in the same order—that 

is, they have the same constitution, but they differ in the arrangement of atoms in space. 

16. Draw the Newman and sawhorse projections of ethane  

 

 

 

 

 

 

 

 

 

 

17. What is meant by torsional strain ?  

 

The destabilization that comes from eclipsed bonds on adjacent atoms is called torsional 

strain 

 

 

 

 

 

18. Define D, L isomers?  

Rotation of the plane of polarized light in the clockwise sense is taken as 

positive (+), and rotation in the anticlockwise sense is taken as a negative (-) 

rotation. The classical terms for positive and negative rotations are dextrorotatory 

(D) and levorotatory (L) 

19. Write a note on optical activity (Dec 2015) 

Optical activity is the ability of a chiral substance to rotate the plane of plane-polarized 

light and is measured using an instrument called a polarimeter. To be optically active, the sample 

must contain a chiral substance and one enantiomer must be present in excess of the other. A 

substance that does not rotate the plane of polarized light is said to be optically inactive. All achiral 

substances are optically inactive. 

20. Draw the conformation of peptide bond. 

 

 

 

 

 

 



21. Define configuration and specify the Rand S isomers. (Nov 2011) 

The arrangement of atoms that characterizes a particular stereoisomer is called its 

configuration. The four groups attached to the asymmetric carbon atom are numbered 1,2,3,4 and 

ranked according to a set of sequence rules and if the view with respect to Fischer projection is 

clockwise it is specified as R isomer and in anti-clock wise it is S isomer. 

22. Explain E1 and E2 reactions. (Nov/Dec 2012) 

E2 reaction proceeds with a second order kinetics (Hughes and Ingold), with a single step: 

base pulls a proton away from carbon; simultaneously a halide ion departs and the double bond 

forms. 

E1 reactions follows the first order kinetics, where the bond-breaking and bond- making 

occurs. In step(1) the substrate undergoes slow heterolysis to form halide ion and a carbocation. 

In step (2) the carbocation rapidly loses a proton to the base and forms an alkene. 

23. Define Walden inversion.(Nov/Dec 2012) 

Walden inversion is the inversion of a chiral center in a molecule in a chemical reaction. 

Since a molecule can form two enantiomers around a chiral center, the Walden inversion converts 

the configuration of the molecule from one enantiomer form to the other 

24. Mention on polar covalent bond. (Dec 2014) 

If one atom has a greater tendency to attract electrons toward itself than the other, we say 

the electron distribution is polarized, and the bond is referred to as a polar covalent bond. Hydrogen 

fluoride, for example, has a polar covalent bond. Because fluorine attracts electrons more strongly 

than hydrogen, the electrons in the H-F bond are pulled toward fluorine, giving it a partial negative 

charge, and away from hydrogen giving it a partial positive charge. This polarization of electron 

density is represented in various ways. 

 

 

 

 

25. What are isomers and enantiomers? Give example. (Dec 2013-R8/R10) (Dec 2010/R4) 

(Dec 2008/R4) (Dec 2014) 

Isomers are compounds with same molecular formula, but different structures. Isomers are 

classified into 1) Constitutional isomers 2) Stereoisomers. Stereoisomers contain same sequence 

of atoms and bonds but differ in 3-d arrangement of groups in space. Enantiomers are 

stereoisomers that are non-superimposable mirror images of each other. A molecule is chiral if its 

two mirror-image forms are not superimposable in three dimensions. 

 

 

 

 

 

26. What is CIP rule? What is R, S notation? Give an example (Dec 2009/R8) (June 2009/R4)  



The Cahn-Ingold-Prelog (CIP) rules are  

1. Consider the first atom of each part of the molecule. An atom with higher atomic 

number has higher priority. (e.g. I > Cl > C > H)  

 

2. If the first atom of two groups is the same, consider the second atom(s) in the same way 

as the first. (e.g. -C(CH3)3 > -CH(CH3)2 > -CH2CH3 > -CH3). If this does not assign 

priority, consider the next atoms until there is a difference. 

Realize that when you do this it will mean that sometimes groups with higher total weights 

will have lower priority because of a lower weight of the atom that connects them. 

R- and S- notation use the CIP priority rules for the assignment of the absolute configuration 

around a stereo center. 

First, assign priorities as described above to each bonded group surrounding the 

stereocenter (1, highest to 4, lowest). 

Second, point the lowest priority (4) atom away from you. Follow the direction of the 

remaining 3 priorities from highest to lowest priority (lowest to highest number, 1<2<3). 

A counterclockwise direction is an S (latin: sinister) configuration. A clockwise 

direction is an R (latin: rectus) configuration. 

 

 
 

27. What is E, Z isomerism? Give an example (Dec 2009/R8) (June 2009/R4)  

The terms ―cis‖ and ―trans‖ are ambiguous, however, when it is not obvious which 

substituent on one carbon is ―similar‖ or ―analogous‖ to a reference substituent on the other. 

Fortunately, a completely unambiguous system for specifying double bond stereochemistry has 

been developed based on an atomic number criterion for ranking substituents on the doubly 

bonded carbons. When atoms of higher atomic number are on the same side of the double bond, 

we say that the double bond has the Z configuration,  

where Z stands for the German word zusammen, meaning ―together.‖ When atoms of higher 

atomic number are on opposite sides of the double bond, we say that the configuration is E. 

The symbol E stands for the German word entgegen, meaning ―opposite.‖  

 

 

 

 

 

 

 

 



 

28. Give one example for chiral methyl group and chiral phosphatase.(Dec 2009/R8)  

 

 

Chiral acetic acid  

 

Chiral phosphoric acid 

 

 

 

 

29. Define specific rotation. (Dec 2007/R4) (Dec 2010/R4) 

In chemistry, specific rotation [α] is a property of a chiral chemical compound. It is 

defined as the change in orientation of monochromatic plane-polarized light, per unit distance–

concentration product, as the light passes through a sample of a compound in solution. 

30. What is meant by covalent catalysis? Give one example (Dec 2008/R4) 

Covalent catalysis involves the substrate forming a transient covalent bond with residues 

in the active site or with a cofactor. This adds an additional covalent intermediate to the reaction, 

and helps to reduce the energy of later transition states of the reaction. The covalent bond must, 

at a later stage in the reaction, be broken to regenerate the enzyme. This mechanism is utilised by 

the catalytic triad of enzymes such as proteases like chymotrypsin and trypsin, where an acyl-

enzyme intermediate is formed. Schiff base formation using the free amine from a lysine residue 

is another mechanism, as seen in the enzyme aldolase during glycolysis. 

31. What is the Aufbau principle with example. (Nov/Dec 2016, Dec 2018) 

The Aufbau principle states that, hypothetically, electrons orbiting one or more atoms fill the 

lowest available energy levels before filling higher levels (e.g., 1s before 2s). In this way, the 

electrons of an atom, molecule, or ion harmonize into the 

most stable 

 

 

 

 

 

 

 

 

 

 

 

 



 

PART-A 

UNIT -2 

 

1. Write the mechanism of Michael reaction (Dec 2022) 

• Deprotonation 

• Nucleophilic attack on the carbon to the carbonyl 

• Protonation 

2. Define steric effect (Dec 2022). 

 Steric effects are nonbonding interactions that influence the shape (conformation) and 

reactivity of ions and molecules. Steric effects complement electronic effects, which 

dictate the shape and reactivity of molecules. Steric repulsive forces between overlapping 

electron clouds result in structured groupings of molecules stabilized by the way that 

opposites attract and like charges repel. 

3. What is the mechanism for amide hydrolysis? (Dec 2019) 

The mechanism for amide hydrolysis is based on acid and base catalyzed  mechanism, 

Mechanism of acid CAtalysed amide hydrolysis includes 

 1. Prontonation, 2. Nucleophilic addition, 3. Proton Transfer, 4. Elimination  

Mechanis of Base- catalysed amide hydrolysis 

1. Nculeophilic addition, 2. Elimation, 3. Deprotinatio of carboxylic acid 

4. Give the Hofmann rearrangement in amides. (Dec 2019) 

The Hofmann rearrangement is well known reaction used to synthesize primary amines 

from amides via a one carbon degradation. In this reaction, amides react with bromine and strong 

base which subsequently rearranges to give an isocyanate. Hydrolysis of the isocyanate affords an 

amine, whereas carbamate is provided by treatment with an alcohol. These mechanistic steps lend 

well to utilizing the Hoffman rearrangement as a method for amine protection. 

 
5. Write the steps involved in the Claisen condensation (Dec 2018) 

• Proton abstraction from alpha carbon atom of ethyl acetate to give the corresponding 

enolate. 

• Nucleophilic addition of the enolate to the carbonyl group of the neutral ester. The 

product is the anionis form of the tetrahedral intermediate 

• Dissociation of the tetrahedral intermediate 

• Deprotonation of the beta  keto ester production. 



• Acidification of the reaction mixture. This is performed in a separate synthetic 

operation to give the product in its neutral from for eventual isolation. 

6. What are imine and enamine? (Dec 2018) 

• Primary amine reacts with the aldehydes or ketones yielding imine. 

• An enamine is an unsaturated compound derived by the condensation of an aldehyde 

or ketone with a secondary amine.   

7. What are cyanohydrins?   
The product of addition of hydrogen cyanide to an aldehyde or a ketone contains both a 

hydroxyl group and a cyano group bonded to the same carbon. Compounds of this type are called 
cyanohydrins. 
 
 
 
 

 

 

 

6. What are hemiacetals and acetals? Describe its formation.  
The product of nucleophilic addition of the alcohol to the carbonyl group of an aldehyde is 

called a hemiacetal. The reaction of one mole of the aldehyde with two moles of alcohol gives 
germinal diethers known as acetals. 
 
 
 
 

 

7. What is Wittig reaction?  
The Wittig reaction uses phosphorus ylides (called Wittig reagents) to convert aldehydes 

and ketones to alkenes. 
 
 
 
 
 

8. Write the ester formation of ketone through Baeyer–Villiger oxidations  
Oxygen from the peroxy acid is inserted between the carbonyl group of a ketone and one 

of the attached carbons of the ketone to give an ester. Reactions of this type are known as Baeyer–
Villiger oxidations. 
 
 

 

9. What is Fischer esterification?  
In the presence of an acid catalyst, alcohols and carboxylic acids react to form an ester and 

water. This is the Fischer esterification. 
 
 
 
 
 
10. How do you prepare an ester from acyl chloride?  

Alcohols react with acyl chlorides by nucleophilic acyl substitution to yield esters. These 



reactions are typically performed in the presence of a weak base such as pyridine. 
 
 
 
 
 
 

 

 

11. Write the reaction of ester with amines? 
Esters react with ammonia and amines to form amides. 

 
 
12. Write the reaction of acid catalysed ester hydrolysis. 

Acid-catalyzed hydrolysis is an equilibrium-controlled process, the reverse of the Fischer 
esterification. 

 
 
 

 

13. What is saponification? (Dec 2015)  
Saponification is a process that produces soap, usually from fats and lye. In technical terms, 
saponification involves base (usually caustic soda NaOH) hydrolysis of triglycerides, which are 
esters of fatty acids, to form the sodium salt of a carboxylate. 
 
 
 

 

 

 

 

14. How amides can be prepared?  
Amides are readily prepared by acylation of ammonia and amines with acyl chlorides, anhydrides, 
or esters. 
 
 

 

 

15. What are lactams? 

Lactams are cyclic amides and are analogous to lactones, which are cyclic esters. 
 
 
 
 
 
 
 
 

 
16. Write the reaction of amide hydrolysis in acid (Dec 2015) 
 
 
 
 

 



 

 
 

17. What is condensation reaction? Give an example. (Dec 2014) (Dec 2015) (Nov/Dec 2016) 

A condensation reaction, also commonly referred to as dehydration synthesis, is a chemical 
reaction in which two molecules or moieties (functional groups) combine to form a larger 
molecule, together with the loss of a small molecule.  

Eg: claisen condensation 

On treatment with alkoxide bases, esters undergo self-condensation to give a β-keto ester and an 

alcohol. 
 
 
 
 
 

 

 

18. What is Michael reaction?  
A synthetically useful reaction known as the Michael reaction, or Michael addition, 

involves nucleophilic addition of carbanions to α, β-unsaturated ketones. The most common types 
of carbanions used are enolate ions derived from β-diketones. These enolates are weak bases and 
react with α, β-unsaturated ketones by conjugate addition. 
 
 
 
 
 
 

 

19. What is Dieckmann cyclization?  
Esters of dicarboxylic acids undergo an intramolecular version of the Claisen 

condensation when a five- or six-membered ring can be formed. 
 
 
 
 

 

20. What is SN2 reaction? 
In the reaction, 
 
 

Hughes and Ingold interpreted second-order kinetic behavior to mean that the rate 

determining step is bimolecular, that is, that both hydroxide ion and methyl bromide are involved 

at the transition state. The symbol given to the detailed description of the mechanism that they 

developed is SN2, standing for substitution nucleophilic bimolecular.   
21. What is SN1 reaction?   

Hughes and Ingold observed that the hydrolysis of tert-butyl bromide, which occurs 
readily, is characterized by a first-order rate law: 
 

 



 

They found that the rate of hydrolysis depends only on the concentration of tert-butyl bromide. 

SN1, stands for substitution nucleophilic unimolecular, is a first-order kinetic reaction with a 

unimolecular rate-determining step.  
22. What are Nucleophile? Give examples (Dec 2014, Dec 2015, Dec 2017)   

A nucleophile is a chemical species that donates an electron pair to an electrophile to form 
a chemical bond in relation to a reaction. All molecules or ions with a free pair of electrons or at 
least one pi bond can act as nucleophiles. Because nucleophiles donate electrons, they are by 
definition Lewis bases. Eg Carbon nucleophiles, oxygen nucleophiles and sulfur nucleophiles 
23. Define Addition reactions. (Dec 2017) 

An addition reaction, in organic chemistry, is in its simplest terms an organic 

reaction where two or more molecules combine to form a larger one (the adduct). Addition 

reactions are limited to, chemical compounds that have multiple bonds, such as molecules with 

carbon–carbon double bonds (alkenes), or with triple bonds (alkynes). Molecules containing 

carbon—hetero double bonds like carbonyl (C=O) groups, or imine (C=N) groups, can undergo 

addition, as they too have double-bond character. 

PART-A 

UNIT-3 

1. Mention the free energy equation of endothermic reaction and denote the terms 

For a process to be spontaneous the change in Gibb’s free energy needs to be negative. The 

equation for this is 

dG = dH -TdS 

For endothermic reactions dH is positive so the second term needs to be larger than the first 

for a process to be spontaneous. At room temperature T is ~298 K, so for dG <0, dS >dH/298. 

Reactions with a gas phase product, or that produce more moles of gas phase products than 

gas phase reactants tend to have positive dS. 

2. What are intermediates in a chemical reaction? (Dec 2018) 

A reaction intermediate or an intermediate is a molecular entity that is formed from the 

reactants (or preceding intermediates) and reacts further to give the directly observed products of 

a chemical reaction. The IR spectroscopy theory utilizes the concept that molecules tend to absorb 

specific frequencies of light that are characteristic of the corresponding structure of the molecules. 

Within a narrow range, each type of bond vibrates at a characteristic wavenumber. This 

makes infrared spectroscopy useful for identifying functional groups in a molecule. 

3. Explain the principle of infrared spectroscopy to detect functional groups. (Dec 2019) 

 The IR spectroscopy theory utilizes the concept that molecules tend to absorb specific 

frequencies of light that are characteristic of the corresponding structure of the molecules. 

4. What is rate determining step? (Dec 2018) 

 The rate determining step is the slowest step of a chemical reaction that determines the 

speed (rate) at which the overall reaction proceeds. 

5. What is microscopic reversibility? (Dec 2014) (Nov/Dec 2016) 

In any equilibrium process, the sequence of intermediates and transition states encountered as 



reactants proceed to products in one direction must also be encountered, and in precisely the 

reverse order, in the opposite direction. This is called the principle of microscopic reversibility. 

Just as in the reaction 

 

 

is reversible with respect to reactants and products, so each tiny increment of progress along the 

reaction coordinate is reversible. 

6. State Le Chatlier’s principle. 

If a chemical system at equilibrium experiences a change in concentration, temperature, 

volume, or pressure, then the equilibrium shifts to counteract the imposed change and a new 

equilibrium is established. 

7. Define Hammond’s postulate. (Nov 2011) (Nov/Dec 2016) 

It states that that for any single reaction step, the geometry of the transition state for that step 

resembles the side to which it is closer in free energy.(It states that if there is an unstable 

intermediate on the reaction pathway, the transition state for the reaction will resemble the 

structure of this intermediate). 

8. What are the methods that are used to determine to Reaction Mechanism?  

• Kinetic Methods  

• Non-Kinetic Methods  

9. What are the non-kinetic methods of study of reaction mechanism?  

a) Identification of product  b) Identification of intermediate  

c) Isotopic labeling   d) Stereo chemical evidences  

 

10. How will you determine reaction kinetics based on isotopic labeling ? 

 

Carbon has two isotopes. C14 is the radioactive. So we label the C in RCOO- as 

RC14OO but in the product C14 is present in alkylcyanide. 

11. How will you determine acycloxygen in ester hydrolysis? 

 

 

 

O18 in the products is found out by the help of mass spectrum i.e., the acid and 

the alcohol are analysed and the heavy isotope O18 is present in the acid i.e., 

confirms the acyloxygen cleavage present. 

12. Write the Arrhenius equation. Write its significance. (Dec 2014) 

 

K= Rate constant of a chemical reaction; A= Arrhenius constant; Ea= Activation energy; R= 

gas constant; T= Temperature 

Significance: 

• Arrhenius plots show that reaction rates are inversely proportional to temperature changes  



• The negative slope from the Arrhenius plot gives the activation energy, Ea: slope = -Ea/R  

• Extrapolation of the Arrhenius plot back to the y-intercept gives lnA  

• The Arrhenius plot shows how activation energy and temperature affect the sensitivity of 

the reaction rate  

13. Write the Eyring equation. 

 

 

KB = Boltzmann  constant; k = reaction  rate constant;  T = absolute temperature;  R = gas  constant; 

h = Planck's constant;  G‡ is the Gibbs energy of activation  

14. Write transition state theory. (Dec 2015) 

According to the theory, in between the state where molecules are reactants and the state where 

molecules are products, there is a state known as the transition state. During the transition state, 

the reactants are combined to form a species called the activated complex. The theory suggests 

that there are three major factors that determine whether a reaction will occur or not: 

1. The concentration of the activated complex (the species of the transition state)  

2. The rate at which the activated complex breaks apart  

3. The way in which the activated complex breaks apart: whether it breaks apart to reform the 

reactants or whether it breaks apart to form a new complex, the products.  

15. What is a transition state?  

The transition state of a chemical reaction is a particular configuration along the reaction 

coordinate. It is defined as the state corresponding to the highest potential energy or free energy 

(ΔG) along this reaction coordinate. 

 

16. Write the difference between kinetic product and thermodynamic product. 

Thermodynamic product- it is the most stable product. The thermodynamic product 

predominates when the reaction is reversible (thermodynamic control) 

Kinetic product- It is the product that is formed most rapidly. The kinetic product 

predominates when the reaction is irreversible (kinetic control) 

17. Write the Diels- Alder reaction. 

The Diels–Alder reaction is the conjugate addition of an alkene to a diene. The alkene that 

adds to the diene is called the dienophile. Because the Diels–Alder reaction leads to the formation 

of a ring, it is termed a cycloaddition reaction. The product contains a cyclohexene ring as a 

structural unit. 

 

 

 

 

 

18. What is kinetic isotope effect? (Dec 2015) 

Kinetic isotope effect (KIE) refers to the change in the rate of a chemical reaction upon 



substitution of an atom in the reactants with one of its isotopes. Formally, it is defined as the ratio 

of rate constants for the reactions involving the light (kL) and the heavy (kH) isotopically 

substituted reactants 

 

 

19. What are primary and secondary isotope effects? 

Primary isotope effect: isotope effect attributed to a bond breaking event at X–H/X–D 

bond. 

Secondary isotope effect: isotope effect attributed to to rehybridization or substitution 

remote from bonds undergoing reaction in the transition state. 

20. What are the types of secondary isotope effects? 

α or β secondary isotope effects: based on whether the isotope is on a position α or β to 

the bond that is changing. α effect occurs when the atom undergoing reaction has the associated 

isotope. β effect occurs when the associated isotope is on the atom neighboring that which is 

undergoing reaction. 

21. How is equilibrium constant and free energy related? 

ΔGo = -RT ln Keq , where Go = change in standard gibbs free energy; R= gas constant; T= 

temperature; Keq= equilibrium constant 

22. What is Curtin-Hammett Principle? (Dec 2022) 

If the rates of reaction are much slower than the rate of interconversion, the Curtin-

Hammett principle states that the product distribution is controlled by the difference in standard 

Gibbs energies of the respective transition states. For a reaction, 

 

         
23. What are the methods to determine the reactive intermediates? 

(a) Various spectroscopic: e.g. electronic absorption, emission, NMR, ESR, IR, microwave 

spectroscopy, etc (b) Using trapping reagents (c) Crossover experiments (d) Isotopic labeling (e) 

Stereochemistry analysis (f) Solvent Effects 

24. What are steric isotopic effects? 

The steric isotope effect is a SKIE that does not involve bond breaking or formation. This 

effect is attributed to the different vibrational amplitudes of isotopologues (molecules that differ 

only in their isotopic composition). D is smaller than H in van der Waals radius, therefore isotope 

effects can be observed in systems where steric hinderance is significant. 

 

 

 

 

 

 

 



25. Write the Hammett equation. 

 

 

 

KX= ionization constant; KH= acidity constant for benzoic acid; ρ = reaction constant; x= 

substituent constant 

26. What is rate law? (Dec 2017) 

The rate law or rate equation for a chemical reaction is an equation that links the reaction 

rate with the concentrations or pressures of the reactants and constant parameters (normally rate 

coefficients and partial reaction orders). For many reactions the rate is given by a power law such 

as where [A] and [B] express the concentration of the species A and B, respectively (usually in 

moles per liter (molarity, M)). The exponents x and y are the partial reaction orders and must be 

determined experimentally; they are not in general equal to the stoichiometric coefficients. The 

constant k is the reaction rate constant or rate coefficient of the reaction. The value of this 

coefficient k may depend on conditions such as temperature, ionic strength, surface area of 

an adsorbent, or light irradiation. 

27. What is meant by transition state? (Dec 2017) 

The transition state is the state corresponding to the highest energy along the reaction 

coordinate. It has more free energy in comparison to the substrate or product; thus, it is the least 

stable state. The specific form of the transition state depends on the mechanisms of the particular 

reaction. 

 

 

PART – A  

UNIT – 4 

1. What are coenzymes? (Dec 2019) 

 Coenzymes are small molecules. They cannot by themselves catalyze a reaction but they 

can help enzymes to do so. In technical terms, coenzymes are organic nonprotein molecules that 

bind with the protein molecule (apoenzyme) to form the active enzyme (holoenzyme). 

2. List out any four coenzyme used in biological process (Dec 2022) 

Pyridoxal phosphate coenzyme 

Thiamine pyrophosphate 

Flavin mononucleotide 

Flavin Adenine Dinucleotide 

Biotin 

3. Which compound is generally used in phase-transfer catalysis ? (Dec 2019) 

 Phase-transfer catalysts for anionic reactants are often quaternary ammonium salts. 

Commercially important catalysts include benzyltriethylammonium chloride, 

methyltricaprylammonium chloride, methyltributylammonium chloride, and 

methyltrioctylammonium chloride. Organic phosphonium salts are also used, e.g., 

https://en.wikipedia.org/wiki/Reaction_rate
https://en.wikipedia.org/wiki/Reaction_rate


hexadecyltributylphosphonium bromide. 

4. Mention the types of intramolecular catalysis. (Dec 2018) 

• Intramolecular nucleophilic catalysis 

• Intramolecular general base catalysis 

• Intramolecular general acid specific base catalysis 

• Electrostatic facilitation 

5. Define.(Dec 2018) 

 Reactivity is the tendency of a substance to undergo chemical reaction, either by itself or 

with other materials.  

6. What are Cofactors, prosthetic groups and Coenzymes? 

Cofactors are non-proteinogenic compounds that are required for the catalytic activity of 

enzymes and which can bind to the enzyme either in a covalent or non-covalent bond. In the 

covalent bond, when the cofactor is permanently bound to the enzyme, the cofactor is called a 

prosthetic group. In case of a non-covalent binding of the cofactor to the enzyme it is called a 

coenzyme. 

7. What are NAD, NADP? 

NAD, NADP (Nicotinamide adenine dinucleotide, Nicotinamide adenine dinucleotide 

phosphate): Coenzymes functioning as carriers of hydrogen atoms an electrons in some oxidation 

– reduction reactions. 

8. Define protein. 

A biological macromolecule which is composed of monomers of aminoacid. All 

aminoacids are linked by a peptide bond (CONH) to form a polypeptide. Proteins are employed as 

therapeutic agents, catalyst and materials. 

9. What are the types of catalysts? 

a)Heterogeneous catalysts b) Homogeneous catalysts c) Electro catalysts d) 

Organocatalysis d) Biocatalysts (enzymes) 

10. What is biocatalysis? Give an example (Dec 2015) 

Biocatalysis is the use of natural catalysts, such as a catalytic protein which is most of the 

time referred to as an enzyme, to perform chemical transformations on organic compounds or 

biochemical reaction inside the living cells. Eg: Urease is an enzyme that catalyzes the conversion 

of urea to ammonia and carbon dioxide. 

11. What is covalent catalysis? 

In covalent catalysis, the enzyme contains a reactive group, usually a nucleophilic residue 

which reacts with the substrate through a nucleophilic attack. 

12. What is pKa? 

Ka is the negative base-10 logarithm of the acid dissociation constant (Ka) of a solution 

pKa = -log10Ka 

13. Describe a proton transfer mechanism in enzyme catalysis? 

The initial step of the catalysis of serine protease involves the histidine of the active site 

accepting a proton from the serine residue. This prepares the serine as a nucleophile to attack the 



amide bond of the substrate. This mechanism includes the donation of a proton from serine (a base, 

pKa14) to histidine (an acid, pKa6), made possible due to the local environment of the bases. 

14. Describe the Schiff base formation in covalent catalysis of enzymes. 

Schiff bases appear to be an important intermediate in a number of enzymatic reactions 

involving interaction of an enzyme with an amino or a carbonyl group of the substrate. The 

condensation of a primary amine in an enzyme usually that of a lysine residue, with a carbonyl 

group of the substrate to form an imine, or Schiff base. 

15. How metal ion helps in enzyme catalysis? (Dec 2022) 

Metals ions act as electrophilic catalysts, stabilizing the increased electron density or 

negative charge that can develop during reactions Or provide a powerful nucleophile at neutral 

pH. Coordination to a metal ion can increase the acidity of a nucleophile with an ionizable proton. 

 

16. Give some examples for enzymes involved in metal ion catalysis.  

Carboxypeptidase A, Carbonic anhydrase, Enolase, Thermolysin  

 

17. How proximity and orientation effect the enzyme catalysis?  

This increases the rate of the reaction as enzyme-substrate interactions align reactive 

chemical groups and hold them close together. This reduces the entropy of the reactants and thus 

makes reactions such as ligations or addition reactions more favorable, there is a reduction in the 

overall loss of entropy when two reactants become a single product. This effect is analogous to an 

effective increase in concentration of the reagents. The binding of the reagents to the enzyme gives 

the reaction intramolecular character, which gives a massive rate increase. 

18. Compare intermolecular reaction rate with intramolecular reaction rate with an 

example. 

 

 

 

 

 

19. What is Lineweaver – Burk plot? 

If is the reciprocal of Michelis Menton approximation, A plot of 1/V versus 1/[S] gives 

slope of Km/Vmax; and Y-intercept of 1/Vmax and X intercept of -1/Km 

20. Write the Michaelis menten equation.  

 

 

 

21. What is the significance of Km in Michaelis menten equation?  

• Km is a dissociation constant, so the smaller the Km the stronger the interaction 

between E and S.  

• If vo is set equal to 1/2 Vmax, then the relation Vmax /2 = Vmax[S]/Km + [S] can be 



simplified to Km + [S] = 2[S], or Km = [S]. This means that at one half of the maximal 

velocity, the substrate concentration at this velocity will be equal to the Km .  

• Each enzyme has a characteristic Km for a given substrate that show how tight the 

binding of the substrate is to the enzyme.  

22. What is turnover number?  

The constant, kcat (sec-1), is called the turnover number because under saturating substrate 

conditions, it represents the number of substrate molecules converted to product in a given unit of 

time on a single enzyme molecule. 

23. What is an inclusion compound? 

An inclusion compound (Clathrate) is a complex in which one chemical compound (the 

"host") forms a cavity in which molecules of a second "guest" compound are located. Covalent or 

ionic bonds are not necessary for the inclusion complex. 

24. What is cyclodextrin? Mention its uses. (Dec 2015) 

Cyclodextrins are host molecules which form monomolecular inclusion compounds. 

Cyclodextrins are cyclic oligosaccharides which consist of 6(α- Cyclodextrins), 7 (β 

Cyclodextrins) or 8(γ Cyclodextrins) glucopyranose units. Due to the hydrophilic outside the 

Cyclodextrin can be dissolved in water. The apolar cavity inside Cyclodextrin provides a 

hydrophobic matrix,that entrap variety of guest molecules, thereby forming inclusion complex. 

25. What is the principle of Phase transfer catalysis (PTC) with an example? (Nov/Dec 2016) 

The principle of PTC is based on the ability of certain phase-transfer agents (the PT 

catalysts) to facilitate the transport of one reagent from one phase into another (immiscible) phase 

wherein the other reagent exists. Thus, reaction is made possible by bringing together the reagents 

which are originally in different phases. 

 

In the organic phase the anions react such as in nucleophilic substitution as shown above 

where alkyl halides undergo nucleophilic substitution. 

26. List out applications of Immobilized enzyme. (Nov/Dec 2011)  

 

Production of L amino acids from D,L-acyl amino acids using Aminoacylase. Production of high 

fructose corn syrup from starch using α amylase, glucoamylase Production of aspartic acid from 

fumaric acid using Aspartase  

27. What is meant by encapsulation?  

The entrapping or occulation of an enzyme is achieved within the lattice of the polymerized 

gel (Polyacrylamide). 

28. Define Coenzyme. Give one example. (Dec 2014) (Nov/Dec 2016) 

Coenzymes are organic non protein molecules that bind with the protein molecule 

(apoenzyme) to form the active enzyme (holoenzyme). Acting alone, for example, proteins lack 

the necessary functionality to be effective oxidizing or reducing agents. They can catalyze 

biological oxidations and reductions, however, in the presence of a suitable coenzyme. Eg: 



pyridoxal phosphate, thiamine pyrophosphate, coenzyme A. 

29. What is the effect of temperature on the stereochemistry of enzymatic reactions? 

(Nov/Dec 2016) 

The stereoselectivity of an enzymatic reaction can either increase or decrease as the 

reaction temperature is raised. The secondary alcohol dehydrogenase from Thermoanaerobacter 

ethanolicus reduces 2-butanone to (R)-2-butanol at 37° C, with increased stereoselectivity at 

higher temperatures and in the presence of NADP analogues. In contrast, at 37°, 2-pentanone and 

2-hexanone are reduced to (S)-2-pentanol and (S)-2-hexanol, respectively, but the stereoselectivity 

decreases at higher temperatures and in the presence of NADP analogues. Reduction of racemic 

2-methylbutanal by the primary alcohol dehydrogenase from T. ethanolicus gives (S)-2-methyl-1-

butanol with greater stereospecificity at 35° (51% e.e.) than at 15° (14% e.e.). Horse liver alcohol 

dehydrogenase shows a preference for oxidation of the (S)-enantiomers of acyclic secondary 

alcohols at 25°, with a decrease in stereospecificity at higher temperatures. 

30. Write any two properties of a catalyst (Dec 2017). 

• The catalyst remains unchanged (in mass and chemical composition) in the reaction (Activity 

of reaction)  

• A small quantity of the catalyst is required. e.g. One mole of colloid Pt catalyses  

• The catalyst does not change the equilibrium constant. But the equilibrium approaches earlier. 

• Specificity of Catalyst 

31. What are co-enzymes? (Dec 2017) 

A coenzyme is an organic non-protein compound that binds with an enzyme to catalyze a 

reaction. Coenzymes are often broadly called cofactors, but they are chemically different. A 

coenzyme cannot function alone, but can be reused several times when paired with an enzyme. 

 

 

 

 

 

 

PART – A 

UNIT – 5 

1. Give an example for hydride ion transfer (Dec 2022) 

Hydride transfer is an important reaction for chemistry as well as biology (e.g., respiratory 

chain and photosynthesis). Often one partial reaction involves the transfer of a hydride ion. 

NADPH serves as a source for two electrons and a proton. 

2. How does carotenoid function as protection agent ? (Dec 2019) 

 In animals and human, carotenoids particularly β-carotene and lycopene, play a role in the 

protection against photooxidative processes by acting as singlet molecular oxygen and peroxyl 

radicals scavengers and can interact synergistically with other antioxidants 

3. What is the structural feature distinguishing terpene from other natural products (Dec 



• 

2019) 

 Terpenes have two or more isoprene units as their common structural feature. They can 

have different degrees of unsaturation and a variety of functional groups. Terpenes are classified 

according to the number of isoprene units they contain. 

4. Differentiate general and specific base catalysis. (Dec 2018) 

General Specific 

Transfer of hydroxyl group to reactant 

during slow step 

Full transfer of hydroxyl group to reactant 

before slow step 

Weak base involved Strong base involved 

5. Draw the flow chart of steps involved in solid state peptide synthesis. (Dec 2018, Dec 

2022)) 

Step 1: The Boc-protected amino acid is anchored to the resin. Nucleophilic substitution 

of the benzylic chloride by the carboxylate anion gives an ester. 

Step 2: The Boc protecting group is removed by treatment with hydrochloric acid in dilute 

acetic acid. After the resin has been washed, the C-terminal amino acid is ready for 

coupling. 

Step 3: The resin-bound C-terminal amino acid is coupled to an N-protected amino acid 

by using N,N_-dicyclohexylcarbodiimide. Excess reagent and N,N_-dicyclohexylurea are 

washed away from the resin after coupling is complete. 

Step 4: The Boc protecting group is removed as in step 2. If desired, steps 3 and 4 may be 

repeated to introduce as many amino acid residues as desired. 

Step n: When the peptide is completely assembled, it is removed from the resin by 

treatment with hydrogen bromide in trifluoroacetic acid. 

6. What is bond fission? 

The breaking of the covalent bond of a molecule to form two or more fragment species is     

called bond fission. 

7. What are the types of bond fission?  

1.  Homolytic fission 2. Heterolytic fission  

8. What is homolytic fission? (Nov/Dec 2016) 

In homolytic fission, one electron of the shared pair in the covalent bond goes with each of 

the bonded atoms forming free radicals. Organic reactions which proceed by hemolytic fission are 

called free radical reactions/nonpolar reactions. For example, the homolytic cleavage of a Br-Br 

bond is              

9. What is heterolytic fission? (Nov/Dec 2016) 

In heterolytic fission, the bonding electron pair is shifted to the more electronegative atom. 

Heterolytic fission normally occurs in solution phase, in presence of polar solvents. The organic 

reactions which proceed by heterolytic fission are called ionic /polar reactions. 

An example is the heterolytic cleavage of the C-Br bond in t-butyl bromide. 



 
10. What are oligomeric proteins? Give examples. 

Oligomeric proteins consists of two or more polypeptide chains, which are usually linked 

to each other b non-covalent interactions and never by peptide bonds. The molecular weight is 

usually in excess of 35,000. E.g.: lactate dehydrogenase, lactose synthase, pyruvate dehydrogenase 

and tryptophan synthase. 

11. Differentiate between peptide and amide bond. 

N-substituted amide bond is peptide bond. 

         R-CO-NH2 (amide bond) R-CO-NH-R (peptide bond) 

12. Mention the different kinds of non-covalent bonding interaction that stabilizes the 

protein structure. (May 2011). 

A number of non-covalent interactions such as hydrogen bonding, ionic interactions, Van 

Der Waals forces, and hydrophobic packing helps to stabilizes the protein structure. 

13. What is solid state peptide synthesis (Dec 2012) 

SSPS allows the synthesis of natural peptides which are difficult to express in bacteria, the 

incorporation of unnatural amino acids, peptide/protein backbone modification, and the synthesis 

of D-proteins, which consist of D-amino acids. 

14. What are terpenes? Give an example. 

Terpene, any of a class of hydrocarbons occurring widely in plants and animals and 

empirically regarded as built up from isoprene, a hydrocarbon consisting of five carbon atoms 

attached to eight hydrogen atoms (C5H8). 

 

 

15. Write the classification of terpenes based on number of carbon atoms. 

Monoterpene(C-10), Sesquiterpene(C-15), Diterpene (C-20), Sesterpene(C-25), 

Triterpene(C-30) and Tetraterpene(C-40) 

16. Classify aminoacids based on polarity. (May 2011). 

Based on polarity, amino acids are classified into four groups as follows, 

Non-polar amino acids- alanine, valine, leucine, isoleucine, phenyl alanine, glycine, 

tryptophan, methionine and proline. 

Polar amino acids with no charge-serine, threonine, tyrosine, cysteine, glutamine and 

aspargine. Polar amino acids with positive charge- lysine, arginine and histidine. Polar amino 

acids with negative charge- aspartic acid and glutamic acid 

17. How amino acids exhibit the behavior of zwitter ion? 

An amino acid has both a basic amine group and an acidic carboxylic acid group. There is 

an internal transfer of a hydrogen ion from –COOH group to the –NH2 group to leave an ion with 

both a negative an positive charge, thereby behaving as a zwitter ion 

18. Write about the C-C bond formation and fission (Dec 2014) 



Carbon–carbon bond-forming reactions are organic reactions in which a new carbon–

carbon bond is formed(single, double and triple).Eg: formation of geranyl phosphate- Using the 

n-electrons of C-C double bond, isopentenyl pyrophosphate acts as a nucleophile and displaces 

pyrophosphate from dimethylallyl pyrophosphate. 

 

 

 

 

 

The tertiary carbocation formed in this step can react according to any of the various 

reaction pathways available to carbocations. One of these is loss of a proton to give a double bond. 

 

 

 

 

C-C Bond fission: The cleavage of the covalent between C-C is known as bond fission. In 

hemolytic fission, one electron of the shared pair in the covalent bond goes with each of the bonded 

atoms forming free radicals. 

19. How amino groups are protected in SSPS? 

The reactivity of an amino group is suppressed by converting it to an amide, and amino 

groups are most often protected by acylation. The benzyloxycarbonyl group is one of the most 

often used amino-protecting groups. It is attached by acylation of an amino acid with 

benzyloxycarbonyl chloride. 

 

 

 

 

 

20. What is DNA sequencing? 

DNA sequencing is the process of determining the precise order of nucleotides within a DNA 

molecule. It includes any method or technology that is used to determine the order of the four 

bases—adenine, guanine, cytosine, and thymine—in a strand of DNA. 

21. Write the Sanger’s strategy for amino acid sequencing.  

• Determine what amino acids are present and their molar ratios.  

 

• Cleave the peptide into smaller fragments, separate these fragments, and determine the 

amino acid composition of the fragments.  

• Identify the N-terminal and the C-terminal amino acid in the original peptide and in each 

fragment.  

• Organize the information so that the amino acid sequences of small fragments can be 



overlapped to reveal the full sequence.  

22. Sort the methods available for the determination of the primary structure.  

a) Sequencing from the N-terminus (Edmann degradation) b) Mass spectroscopy c) 

Fragmentation of a protein as peptide. d) Mapping the positions of residues e) Purification of 

peptide: Diagonal techniques f) Disulfide bonds location determination 

23. What are restriction enzymes? 

Restriction enzymes are DNA-cutting enzymesfound in bacteria (and harvested from 

them for use). Because they cut within the molecule, they are often called restriction 

endonucleases. In order to be able to sequence DNA, it is first necessary to cut it into smaller 

fragments. 

24. What are the steps involved in sanger’s di-deoxy method of sequencing. (Dec 2015) 

• Ability to synthesize a complimentary copy of a single stranded DNA template using a 

synthetic 5‘end labeled oligodeoxynucleotide as primer.  

• Polymerization using low concentration of one the 4ddNTPs and in higher concentration 

of normal dNTPs, termination of growing point of the DNA chain using 2‘3‘-dideoxy 

nucleotide triphosphate as substrate,  

• Separation of fragment using gel electrophoresis,  

• Analyzing the separated fragments using autoradiography  

25. What is an isoelectric point (pI)?  

The pH of an aqueous solution at which the concentration of the zwitterions is a maximum 

is called the isoelectric point (pI). 

26. Write the mechanism of acyl transfer reaction. (Dec 2014) 

 

 

 

 

 

27. What do you mean by proton transfer reactions? (Dec 2017) 

When we closely examine the reaction that occurs when HCl dissolves in water, we find 

that the HCl molecule actually transfers a H+ ion (a proton) to a water molecule as depicted in 

equation below. Thus, we can represent the reaction as occurring between an HCl molecule and a 

water molecule to form hydronium and chloride ions: 

 
28. What are peptides? (Dec 2017) 

Peptides are short chains of amino acid monomers linked by peptide (amide) bonds. 

The covalent chemical bonds are formed when the carboxyl group of one amino acid reacts with 

the amino group of another. The shortest peptides are dipeptides, consisting of 2 amino acids 

joined by a single peptide bond, followed by tripeptides, tetrapeptides, etc. A polypeptide is a 

long, continuous, and unbranched peptide chain. Hence, peptides fall under the broad chemical 



classes of biological oligomers and polymers, alongside nucleic 

acids, oligosaccharides and polysaccharides, etc. 

 

 

PART- B 

UNIT-1 

1. Detailed notes on fundamentals of the atomic structure (Nov/Dec 2019) 

2. Explain polar covalent bonds and electronegativity concept. Also electrostatic potential map 

of HF with Hz and F2. (Nov/Dec 2019) 

3. Discuss in detail on conformation analysis of ethane. (Nov/Dec 2016, Dec 2022)) 

4. Write in detail about conformation analysis of butane. (Nov/Dec 2016) 

5. Write in detail about conformation analysis of cyclohexane. (Nov/Dec 2022) 

6. Explain stereochemical activity around tetrahedral carbon. (Nov/Dec 2016) 

7. Write notes on  

  i) Axial and equatorial bonds in cyclohexane,  

  ii) Ring flipping in cyclohexane,  

  iii) Axial and equatorial bonds in cyclohexane 

8. What are stereoisomers? Explain in detail. 

9. Write an essay on “optical activity and chirality”. 

10. Elaborate on resonance acids and bases. 

11. Elaborate on sp3 hybridisation (Nov/Dec 2022) 

12. Write notes on  

i) Covalent bond, 

ii) Polar covalent bond and electronegativity,  

iii) Ionic bond 

13. Write a detailed note on conformation of the peptide bond. (Dec 2014) (Dec 2015) (Nov/Dec 

2016) 

14. What is hybridization? Explain different types of hybridization with examples. (Dec 2014) 

(Dec 2015) 

15. Explain  

a) Arrhenius and Bronsted theory of acids and bases (Dec 2014).  

b) Difference between Arrhenius and Bronsted acid base theory (Dec 2014).  

16. Describe the following concepts of acids and bases. (Dec 2017) 

a) Arrhenius concept,  

b) Lowry Bronsted concept. 

17. Write a short note on the following :  

  a) Theory of acid and bases  

  b)Polarity of covalent bonds (Dec 2016) 

 

 

PART – B 



UNIT – 2 

1. Preparation of β-keto esters through Claisen condensation with ethyl acetate as an example. 

(Dec 2019) (Dec 2022) 

2. Short notes on SN2 mechanism of nucleophilic substitution and steric effects. (Dec 2019) 

3. Explain the mechanism of saponification-ester hydrolysis of base  (Dec 2019) 

4. Explain SN1 and SN2 mechanisms with suitable examples. (Nov/Dec 2011 & 12) (Dec 2014)  

5. Write the overall reaction of cyanohydrin formation. 

6. Write the overall mechanism of acid catalysed ester hydrolysis. (Dec 2014) (Dec 2015) (Dec 

2022) 

7. Write the overall mechanism involved in Saponification reaction. (Dec 2014) 

8. Write the principle of nucleophilic addition of aldehydes and ketones. 

9. Write notes on reaction of carbonyl group with amines. 

10. Write an essay on nucleophilicity of nucleophiles. 

11. Explain the mechanism of an elimination reaction with an example. Explain the effect of steric 

hindrance on the rate of SN2 reaction. (Nov/Dec 2016) 

12. Explain the mechanism of Claisen condensation & Michael condensation. (Dec 2017, Dec 

2014 & Dec 2015) 

13. Describe the mechanimof SN1 reaction (Dec 2017) 

14. Compare SN1 and SN2 reactions. (Dec 2017) 

15. Explain the acid and base catalysis of hydrolysis of amides (Dec 2018) 

 

PART – B 

UNIT – 3 

1. What are the isotopes used in the H NMR spectroscopy? (Dec 2019)  

2. Short notes on the relationship between thermodynamic stability and reaction rate (Dec 

2019) 

3. Write in detail about kinetic method of study of reaction mechanism.Write notes on: rate law 

and mechanism and Primary and Secondary isotopes (Nov/Dec 2016) 

4. Explain Curtin - Hammet principle. 

5. Explain Reaction intermediates. 

6. Explain Transition state kinetics (Dec 2015) (Dec 2022) 

7. Explain Kinetic and thermodynamic reversibility. 

8. Write notes on Arrhenius equation (Dec 2015)  

9. Explain Microscopic reversibility (Dec 2022). 

10. Write notes on Microscopic reversibility And Eyring equation (Nov/Dec 2016) 

11. What are primary and secondary isotopic effects? Explain. (Dec 2017) 

12. Describe the significance of entropy of activiation, free energy of activation and enthalpy of 

activation. (Dec 2017) 

13. Write notes on thermodynamically coupled reactions. (Dec 2017) 

14. Elaborate on microscopic reversibility. (Dec 2018) 



15. Derive Arrhenius equation. (Dec 2018) 

16. How isotopes are helped in determine the reaction mechanism? Explain. (Dec 2018) (Dec 

2022) 

 

PART – B 

UNIT – 4 

1. Explain the electrophilic additions involving metal ions with solvomercuration as an example. 

(Dec 2019). 

2. What are coenzymes? Explain its biochemical function with a proper example. 

3. Explain host-guest chemistry with an example 

4. Write a detailed note on Inclusion complex formed by cyclodextrins. 

5. Elaborate on “Biocatalysts” with example. (Dec 2015) 

6. What is catalysis? What are its types? 

7. Explain the mechanism involved in covalent catalysis with an example. (Nov/Dec 2016)  

8. Explain about intramolecular reaction. (Dec 2014) 

9. Explain in detail about proton transfer mechanism with the help of a co-enzyme catalyzed 

reaction. (Nov/Dec 2016) 

10. What is covelent catalysis? Discuss its significance (Dec 2017) (Dec 2022) 

11. Describe the mechanism of intramolecular reactions with suitable examples  (Dec 2017) 

12. What is coenzyme? Explain the chemistry of any two coenzymes. (Dec 2018) 

13. Give a detailed sketch on catalysis of organized aggregates and phases. (Dec 2018) 

14. Infer the role of cyclodextrin as host of reaction with neat diagram. (Dec 2022) 

 

UNIT – 5 

1. Explain the mechanism of sequencing DNA by Sanger's method. (Dec 2019) 

2. Give the steps in the synthesis of isopentenyl pyrophosphate: the biological isoprene unit. (Dec 

2019) 

3. Notes on the steps used to determine peptide structure determination (Dec 2019) 

4. What are Terpenes? How are they classified? (Dec 2015) 

5. Explain in detail the mechanism of Terpene biosynthesis. (Dec 2014) (Dec 2015) (Nov/Dec 

2016) (Dec 2022) 

6. Comment on acid base behavior of amino acids. 

7. Explain Sanger’s method of sequencing. (Nov/Dec 2016) (Nov /Dec 2022) 

8. Explain the catalysis of proton transfer reactions (Dec 2017) 

9. Explain the Sanger method of peptide sequencing (Dec 2017) 

10. Elaborate on the various reactions involved in carbon-carbon bond formation and fission in 

living cells (Dec 2018) 

11. Summarise the synthesis of the terpene. (Dec 2018) 

 

 



 

PART – C 

UNIT-1 

18. Explain the conformation analysis of cyclohexane. (Dec 2017) 
19. Explain staggered and eclipsed conformers with ethane as an example. (Dec 2018) 

20. Describe the interaction of enantiomer with polarized light. (Dec 2018) 

21. Explain diagrammatically and energetically the conformers of ethane, and n-butane. (Dec 

2016) 

22.  Explain Stereochemical activity around tetrahedral carbon. (Dec 2016)  

23. Explain Conformation of the peptide bond. Why is trans confirmation stable? (Dec 2016)  

 

 

UNIT-2 

16. Explain reactions of carbonyl groups with amines, with an example. Explain the SN1 

Mechanism of Nucleophilic substitution with hydrolysis of tert-butyl bromide along with 

energy diagram. (Nov/Dec 2016) 

17. Explain conformational isomer, configurational isomer, constitutional and stereoisomerism 

with examples. (Dec 2013/R8-10) (June 2009/R4)  

18. Discuss the stereospecificity of enzyme catalysed reactions. (Dec 2013, 2012) 

19. Propose a mechanism for the following reaction. Explain stereochemistry of the product 

formed in the above reaction. (Dec 2018), HO- + CH3C1 —> CH3OH + Cr 

20. Write a short note on Michael condensation reaction (Dec 2018) 

 

UNIT - 3   

 

17. Elaborate on Non-kinetic methods of study of reaction mechanism. 

18. Write in detail about the stereochemical method of study of reaction mechanism. 

19. Write in detail about SKIE with suitable examples and reaction kinetics.  

20. Discuss in detail about PKIE with reaction kinetics. 

21. Write short notes on Primary and secondary isotopes. (Dec 2016)  

22. Write short notes on Microscopic reversibility and Eyring equation (Dec 2016)  

UNIT – 4   

 

15. Explain about metal ion catalysis in detail 

16. Explain the effect of proximity and orientation on enzyme catalysis. 

17. Describe proton transfer mechanism in enzyme catalysis with example. 

18. What is a phase transfer catalyst? Explain its features.  

19. Explain in detail the mechanism of covalent catalysis with an example that you have studied. 

(Dec 2016)  

20. Describe Catalysis by organized aggregates and phases Inclusion Complexation  

 



UNIT – 5 

 

12. What is protein sequencing? What are the methods of protein sequencing? 

13. Explain Edmann degradation and automated sequencing of peptides. 

14. Explain the mechanism of peptide bond formation. (Dec 2015) 

15. Describe the Merrifield method of peptide synthesis. 

16. Explain the mechanism of sequencing DNA by Sanger’s method. (Nov/Dec 2019) 

6.  The rate of conversion of A to B is increasing three times by increasing the temperature to ten 

degrees Celsius. What is the relationship between rate of reaction and temperature? Drive the 

formula for connecting these two terms (Nov/Dec 2022_ 
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DEPARTMENT OF BIOTECHNOLOGY 

 

BT8305 – CELL BIOLOGY 

 

PART – A 

 

UNIT-1 

1. Define cell 

The cell is defined as the smallest living unit capable of independent existence. 

2. Write a short notes on golgi complex? 

In cytoplasmic matrix, a s stack of flattened membrane bounded, parallelly arranged organelles occur 

in the association of endoplasmic reticulum and know as golgi complex. Each golgi complex is 

composed of many lamellae, tubules, vesicles and vacuoles. The function of the golgi complex is 

storage of proteins and enzymes which are secreted by ribosomes and transported by endoplasmic 

reticulum, to them. It secretes many secretory granules and lysosomes.  

3. Write a short notes on Lysosomes? 

The cytoplasm of animal cells contains many tiny, spheroid or irregular shaped, membrane bounded 

vesicles known as lysosomes. The lysosomes are originated by golgi complex and contain many 

digestive enzymes. Their function is the digestion of food material which comes in the cell by 

pinacocytosis and phagocytosis. 

4. What are peroxisomes? 

They are membrane bounded vesicle containing oxidative enzyme that generate     

and destroy hydrogen peroxide  

5. What is Cytoskeleton? (Nov 2017) 

In the cytosol, arrays of protein filaments form  networks that gieve the cell its shape and provide a 

basis for its movements. Three main kinds of cytoskeletal filaments are microtubules, actin filaments 

and intermediate filaments. 

6. What is cell wall? 

Cells are surrounded by a rigid wall composed of tough fibrils of cellulose laid down in a matrices of 

other polysaccharides. 

7. What is chloroplast? 

They are chlorophyll-containing plastids, double membrane bounded organelles found in all higher 

plants. An elaborate membrane system in the interior of the chloroplast contains the photosynthetic 

apparatus. 

8. What are vacuoles? 

They are very large single membrane bounded vesicle occupying upto 90% of the cell volume, the 

vacuole functions in space filling and also intracellular digestion.  

9. Write short notes on nucleus? 

The nucleus is the most conspicuous organelle in the cell. It is separated from the cytoplasm by an 

envelope consisting of two membranes. The entire chromosomal DNA is held in the nucleus, packed 

into chromatin fibers by its association with an equal mass of histone proteins. The nuclear contents 

communicate with the cytosol by means of openings in the nuclear envelope called nuclear pores. 

10. Write short noteson plasma membrane? 

Most plant and animal cells have an external covering known as plasmalemma, cell membrane, or 

plasma membrane. It is living, ultra thin, elastic, porous, semi - permeable membranous covering of 

cell. It provides mechanical support and external form to the protoplasm and also delimits the 

protoplasm from the exterior, checks the entry or exit of undesirable substances and due to its 
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semipermeability it transmit necessary material to and from the cell. It consists of an outer inner layer 

of proteins and a middle layer of lipids. 

11. Write short notes on nuclei of prokaryotes? 

Prokaryotic nuclei lack a well defined membrane enclosed nucleus and differs from eukaryotic cells. 

12. Differentiate prokaryotic and eukaryotic cells 

Eukaryotic cells- it has a well-defined membrane enclosed nucleus, DNA are complexes with protein 

in chromosomes, cell division are associated with mitosis 

Prokaryotic cells - it lacks a well defined membrane enclosed nucleus, DNA are not associated with 

protein in chromosomes, cell division are binary fission, or other means; no mitosis. 

 

 

13. Explain the function of endoplasmic reticulum 

The endoplasmic reticulum forms the ultra structural skeletal framework of the cytoplasmic matrix 

and it provides mechanical support to it. It also acts as an intracellular circulatory system and it 

circulates various substances into and out of the cells by the membrane flow mechanism.  Further it 

acts as a storage and synthetic organ. For example, it synthesizes lipids, glycogen, cholesterol, 

glycerides, hormones etc. 

14. Explain fluid mosaic model of biomembrane structure? 

Singer and Nicholson envisioned cell membranes as mosaics of lipids and proteins. The lipids are 

thought to be arranged primarily in a bilayer in which peripheral and integral proteins are embedded 

to varying degrees. The membrane proteins are not fixed within the lipid bilayer but are free to move 

laterally, like icebergs floating submerged in a sea of lipid 

15. Draw  mitochondria and label its parts 

 
16. Name at least two phospholipids present  in plasma membrane of animal cells. 

Phosphatidyl inositol, Phosphatidyl serine 

17. Write short notes on microtubules  

Microtubules are one of the components of the cytoskeleton. They have a diameter of 25 nm and 

length varying from 200 nanometers to 25 micrometers. Microtubules serve as structural components 

within cells and are involved in many cellular processes including mitosis, cytokinesis, and vesicular 

transport. 

18. Write short note on microfilaments  

Microfilaments (or actin filaments) are the thinnest filaments of the cytoskeleton found in the 

cytoplasm of all eukaryotic cells. These linear polymers of actin subunits are flexible and relatively 

strong, resisting buckling by multi-piconewton compressive forces and filament fracture by 

nanonewton tensile forces. 

19. Explain the function of microfilaments  

Microfilaments are highly versatile, functioning in (a) actoclampin-driven expansile molecular 

motors, where each elongating filament harnesses the hydrolysis energy of its "on-board" ATP to 

drive actoclampin end-tracking motors to propel cell crawling, ameboid movement, and changes in 

cell shape, and (b) actomyosin-driven contractile molecular motors, where the thin filaments serve as 
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tensile platforms for myosin's ATP hydrolysis-dependent pulling action in muscle contraction and 

uropod advancement. 

20. What are the functions of peroxisomes and lysosomes (May 2014) 

Lysosomes are roughly spherical bodies enclosed by a single membrane. They are manufactured by 

the Golgi apparatus . Peroxisomes are about the size of lysosomes (0.5–1.5 µm) and like them are 

enclosed by a single membrane. They also resemble lysosomes in being filled with enzymes.However, 

peroxisomes bud off from the endoplasmic reticulum, not the Golgi apparatus 

21. What is centrosome and write its function (May 2014) 

The centrosome is a cell structure involved in the cell cycle, a series of events that lead to cellular 

division. This structure, which is present only in animal cells, regulates the cell cycle but is not 

essential for its completion. The centrosome is also known as the microtubule organizing center of 

the cell, because cell division structures called microtubules are produced nearby. Centrosomes help 

regulate mitosis, the process by which one cell separates into two identical copies of the original. 

22. What are the functions of membrane bound proteins (Nov 2014) 

Transport through membranes  

-Signal transduction, -Intracellular communication  

-Cell-Cell adhesion  

-Immune system receptors 

23. What are the functions of flagella and pili? (Nov 2015) 

Flagella are long thin appendages free at one end and attached to the cell at the other end. Flagella 

actually extend from the interior of the cell body. They are mostly composed of flagellin protein. The 

primary role of the flagellum is locomotion but it also often has function as a sensory organelle, being 

sensitive to chemicals and temperatures outside the cell. Flagella are organelles defined by function 

rather than structure.Pili are short, thick straight hair like surface appendages. They are found in gram 

negative bacteria. They are mostly composed of pilin protein. The primary function of pili are to 

attach a bacterial cell to specific surfaces or to other cells. 

24. What is the importance of cytoskeleton protein? (Nov 2015) 

There is a multitude of functions that the cytoskeleton can perform. Primarily, it gives the cell shape 

and mechanical resistance to deformation, so that through association with extracellular connective 

tissue and other cells it stabilizes entire tissues. The cytoskeleton can also actively contract, thereby 

deforming the cell and the cell's environment and allowing cells to migrate. Moreover, it is involved 

in many cell signaling pathways, in the uptake of extracellular material (endocytosis),segregates 

chromosomes during cellular division, is involved in cytokinesis (the division of a mother cell into 

two daughter cells),provides a scaffold to organize the contents of the cell in space  and for 

intracellular transport (for example, the movement of vesicles and organelles within the cell), and can 

be a template for the construction of a cell wall. Furthermore, it forms specialized structures, such as 

flagella, cilia etc. 

25. Distinguish between plant cell and animal cell. (May 2015) 
 

Animal cell Plant cell 

Cell wall Absent Present (formed of cellulose) 

Shape Round (irregular shape) Rectangular (fixed shape) 

Vacuole One or more small vacuoles (much 

smaller than plant cells). 

One, large central vacuole taking 

up 90% of cell volume. 

Centrioles Present in all animal cells Only present in lower plant forms. 

Chloroplast Animal cells don't have 

chloroplasts. 

Plant cells have chloroplasts 

because they make their own food. 
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Cytoplasm Present Present 

Endoplasmic 

Reticulum (Smooth 

and Rough) 

Present Present 

Ribosomes Present Present 

Mitochondria Present Present 

Plastids Absent Present 

Golgi Apparatus Present Present 

Plasma Membrane Only cell membrane Cell wall and a cell membrane 

Microtubules/ 

Microfilaments 

Present Present 

Flagella May be found in some cells May be found in some cells 

Lysosomes Lysosomes occur in cytoplasm. Lysosomes usually not evident. 

Nucleus Present Present 

Cilia Present Most plant cells do not containcilia. 

 

26. What are the characteristics of memnbrane proteins (May 2015) 

Membrane proteins are proteins that interact with, or are part of, biological membranes. They include 

integral membrane proteins that are permanently anchored to the membrane and peripheral 

membrane proteins which are only temporarily attached to the lipid bilayer or to integral proteins. 

Membrane proteins perform a variety of functions vital to the survival of organisms: 

Membrane receptor proteins relay signals between the cell's internal and external environments. 

Transport proteins move molecules and ions across the membrane. They can be categorized 

according to the Transporter Classification database. 

Membrane enzymes may have many activities, such as oxidoreductase, transferase or hydrolase. 

Cell adhesion molecules allow cells to identify each other and interact. For example, proteins 

involved in immune response. 

27. Differentiate the architecture of DNA in a prokaryotic and eukaryotic cell. (Nov 2016) 

Prokaryotes are unicellular organisms that lack organelles or other internal membrane-bound 

structures. Therefore, they do not have a nucleus, but, instead, generally have a single chromosome: 

a piece of circular, double-stranded DNA located in an area of the cell called the nucleoid.In 

eukaryotes, the chromosomal DNA is packaged and organized into a condensed structure called 

chromatin. Chromosomes are single pieces of DNA along with genes, proteins, and nucleotides, and 

chromatin is a condensed package of chromosomes that basically allows the entire necessary DNA to 

fit inside the nucleus. 

28. What is extracellular matrix (Nov 2015) 

The extracellular matrix (ECM) is the extracellular part of multicellular structure (e.g., organisms, 

tissues, biofilms) that typically provides structural and biochemical support to the surrounding cells 

29. Explain the important roles of extracellular matrix (Nov 2014) 

http://www.diffen.com/difference/Cilia_vs_Flagella
http://en.wikipedia.org/wiki/Extracellular
http://en.wikipedia.org/wiki/Biofilms
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The extracellular matrix regulates a cell's dynamic behavior. In addition, it sequesters a wide range of 

cellular growth factors and acts as a local store for them. Changes in physiological conditions can 

trigger protease activities that cause local release of such stores. This allows the rapid and local growth 

factor-mediated activation of cellular functions. 

30. What are proteoglycans 

GAGs are carbohydrate polymers and are usually attached to extracellular matrix proteins to form 

proteoglycans. Proteoglycans have a net negative charge that attracts positively charged sodium ions 

(Na+), which attracts water molecules via osmosis, keeping the ECM and resident cells hydrated. 

Proteoglycans may also help to trap and store growth factors within the ECM. 

31. Explain about hyaluronic acid 

Hyaluronic acid (or "hyaluronan") is a polysaccharide consisting of alternating residues of D-

glucuronic acid and N-acetylglucosamine, and unlike other GAGs, is not found as a proteoglycan. 

Hyaluronic acid in the extracellular space confers upon tissues the ability to resist compression by 

providing a counteracting turgor (swelling) force by absorbing significant amounts of water. 

32. Explain about collagen 

Collagens are the most abundant protein in the ECM. In fact, collagen is the most abundant protein 

in the human body and accounts for 90% of bone matrix protein content. Collagens are present in the 

ECM as fibrillar proteins and give structural support to resident cells. Collagen is exocytosed in 

precursor form (procollagen), which is then cleaved by procollagenproteases to allow extracellular 

assembly.  

33. Explain about elastin 

Elastins, in contrast to collagens, give elasticity to tissues, allowing them to stretch when needed and 

then return to their original state. This is useful in blood vessels, the lungs, in skin, and the 

ligamentumnuchae, and these tissues contain high amounts of elastins. Elastins are synthesized by 

fibroblasts and smooth muscle cells. 

34. Explain about fibronectin 

Fibronectins are glycoproteins that connect cells with collagen fibers in the ECM, allowing cells to 

move through the ECM. Fibronectins bind collagen and cell-surface integrins, causing a 

reorganization of the cell's cytoskeleton and facilitating cell movement. Fibronectins are secreted by 

cells in an unfolded, inactive form. Binding to integrins unfolds fibronectin molecules, allowing them 

to form dimers so that they can function properly. 

35. Define nexus 

A gap junction or nexus or macula communicans is a specialized intercellular connection between a 

multitude of animal cell-types.It directly connects the cytoplasm of two cells, which allows various 

molecules and ions to pass freely between cells. 

36. What is a gap junction made of? 

The purification of the intercellular gap junction plaques enriched in the channel forming protein 

(connexin) showed a protein forming hexagonal arrays in x-ray diffraction. 

37. What are tight junctions 

Tight junctions, also known as occluding junctions or zonulaeoccludentes (singular, 

zonulaoccludens), are the closely associated areas of two cells whose membranes join together 

forming a virtually impermeable barrier to fluid. It is a type of junctional complex present only in 

vertebrates. The corresponding junctions that occur in invertebrates are septate junctions. 

38. What are the important functions of tight junctions 

They hold cells together.  

Barrier function, which can be further subdivided into protective barriers and functional barriers 

serving purposes such as material transport and maintenance of osmotic balance. 

39. Differentiate tight and leaky epithelia 

Tight epithelia have tight junctions that prevent most movement between cells. Examples of tight 

epithelia include the distal convoluted tubule, and the collecting duct part of the nephron in the kidney 

and the bile ducts ramifying through liver tissue. 

http://en.wikipedia.org/wiki/Growth_factor
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http://en.wikipedia.org/wiki/Protease
http://en.wikipedia.org/wiki/Blood_vessels
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http://en.wikipedia.org/wiki/Skin
http://en.wikipedia.org/wiki/Ligamentum_nuchae
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http://en.wikipedia.org/wiki/Smooth_muscle
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Leaky epithelia do not have these tight junctions, or have less complex tight junctions. For instance, 

the tight junction in the kidney proximal tubule, a very leaky epithelium, has only two to three 

junctional strands, and these strands exhibit infrequent large slit breaks. 

40. What is meant by desmosome (May 2015, Nov 2016, Nov 2017) 

A desmosome, also known as macula adherens, is a cell structure specialized for cell-to-cell adhesion. 

A type of junctional complex, they are localized spot-like adhesions randomly arranged on the lateral 

sides of plasma membranes. 

41. Explain about blistering diseases 

If the connecting adjacent epithelial cells of the skin are not functioning correctly, layers of the skin 

can pull apart and allow abnormal movements of fluid within the skin, resulting in blisters and other 

tissue damage.The symptoms of the diseases are caused by the subsequent disruption to the 

desmosome-keratin filament complex leading to a breakdown in cell adhesion. 

42. What are hemidesmosomes 

Hemidesmosomes (HD) are very small stud- or rivet-like structures on the inner basal surface of 

keratinocytes in the epidermis of skin. They are similar in form to desmosomes when visualized by 

electron microscopy. While desmosomes link two cells together, hemidesmosomes attach one cell to 

the extracellular matrix. 

43. What is the role of ERK’s in ECM (May 2015) 

Extracellular signal-regulated kinases (Erks), members of the mitogen-activated protein kinase 

superfamily, play an important role in cell proliferation and differentiation. 

44. Mitochondria is the power house of the cell. Explain (May 2017) 

Mitochondria are tiny organelles inside cells that are involved in releasing energy from food. 

 

This process is known as cellular respiration. It is for this reason that mitochondria are often referred 

to as the powerhouses of the cell. Cells that need a lot of energy, like muscle cells, can contain 

thousands of mitochondria. 

45. What are the factors that affect membrane fluidity (May 2017) 

In biology, membrane fluidity refers to the viscosity of the lipid bilayer of a cell membrane or a 

synthetic lipid membrane. Lipid packing can influence the fluidity of the membrane. Viscosity of the 

membrane can affect the rotation and diffusion of proteins and other bio-molecules within the 

membrane, there-by affecting the functions of these molecules 

46. How are tight junctions formed? (May 2017) 

Refer Q.No.38 

47. What is the most abundantextracellular matrix protein (Nov 2017) 

Refer Q.No.32 

  48. write the importance of carbon and water to the cells.(May 2018) 

Living things need carbon in order to live, grow, and reproduce. Carbon is a finite resource that 

cycles through the Earth in many forms. This makes carbon available to living organisms and remains 

in balance with other chemical reactions in the atmosphere and in bodies of water like ponds and 

oceans. 

Among other functions, water enables cells to transport chemicals, helps their temperature remain 

more stable and keeps the cells turgid. This not only helps cells to transport dissolved substances 

within the cell, but also it helps them to absorb nutrients and expel wastes as well. 

 49.Differentiate prokaryotic and eukaryotic cells with example. (May 2018) 
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 50. List the factors influencing membrane fluidity 

1- Temperature:- Higher temperature misbalances the integrity of adjacent molecules 

enhancing more fluidic nature. 

2- Phospholipid Structure:- Due to their variable lengths and saturations variations are 

noted as follows: 

A- short fatty acid tails are less viscous thus more susceptible for shifting of Kinetic 

energy. 

B- unsaturated fatty acids have kinked hydrocarbon tails which are harder to pack 

together. 

3- Cholesterol:- 

A- during high temperatures it stabilizes the membrane by rising the melting point. 

B- acts as bi-directional regulator of membrane. 

C- during low temperature it interposes between phospholipids to prevent it from 

clustering. 

51. Comment the relationship between colchicine and cellular cytoskeletons 

Colchinine is a drug that can used in the treatment of gout (Gout is a form of inflammatory 

arthritis characterized by recurrent attacks of a red, tender, hot, and swollen joint). 

Cochicine target the cytoskeltel component mictotubule, where it 

Inhibits microtubule polymerization by binding to its constitutive protein, tubulin 
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UNIT-2 

 

1. Define mitosis 

All eukaryotic cells, the process whereby the nucleus is divided to produce two genetically equivalent 

daughter nuclei with the diploid number of chromosomes 

2. Define Meiosis 

In eukaryotes, a special type of cell division that occurs during maturation of germ cells; comprises 

successive nuclear and cellular divisions with only one round of DNA replication resulting in 

production of four genetically non equivalent haploid cells (gametses) from an initial diploid cell. 

3. Explain different phases in eukaryotic cell cycle 

 
4. Define Prophase 

It is a first stage of mitosis during which the chromosomes are condensed but not yet attached to a 

mitotic spindle. 

5. Define Metaphase 

It is a stage of mitosis at which chromosomes are firmly attached to the mitotic spindle as its equator 

but have not yet segregated toward opposite poles. 

6. Define Anaphase 

It is a stage of mitosis in which the two sets of chromosomes separate and move away from each 

other, composed of anaphase A (chromosomes move towards the two spindle poles) and anaphase B 

(spindle pole move a part) 

7. Define Telophase 

It is a final stage of mitosis in which the two sets of separated chromosomes decondense and become 

enclosed by nuclear envelopes. 

8. Define cytokinesis? 

Division of the cytoplasm of a plant or animal cell into two as distinct from the division of its nuclus 

(which is mitosis) 

9. What are kinetochore 

They are complex structure formed from proteins on a mitocic chromosome to which microtubles 

attach and which plays an active part in the movement of chromosomes to the pole. The kinetochroe 

forms on the part of the chromosome known as the centromere.  

10. What is the feature of crossing over in meiosis (Nov 2014) 

Crossing over, process in genetics by which the two chromosomes of a homologous pair exchange 

equal segments with each other. Crossing over occurs in the first division of meiosis. At that stage 

each chromosome has replicated into two strands called sister chromatids. The two homologous 

chromosomes of a pair synapse, or come together. While the chromosomes are synapsed, breaks occur 

at corresponding points in two of the non-sister chromatids, i.e., in one chromatid of each 

chromosome.  

11. What are the roles of cyclin and cyclin dependent kinases (Nov 2015) 

Cyclins are a family of proteins that control the progression of cells through the cell cycle by 

activating cyclin-dependent kinase (Cdk) enzymes. Cyclin-dependent kinases (CDKs) are a family of 
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protein kinases first discovered for their role in regulating the cell cycle. They are also involved in 

regulating transcription, mRNA processing, and the differentiation of nerve cells. They are present in 

all known eukaryotes, and their regulatory function in the cell cycle has been evolutionarily 

conserved. 

12. What is the important event in the interphase of a cell cycle (Nov 2016) 

Interphase is the phase of the cell cycle in which a typical cell spends most of its life. During this 

phase, the cell copies its DNA in preparation for mitosis.Interphase is the 'daily living' or metabolic 

phase of the cell, in which the cell obtains nutrients and metabolizes them, grows, reads its DNA, and 

conducts other "normal" cell functions.The majority of eukaryotic cells spend most of their time in 

interphase. This phase was formerly called the resting phase. However, interphase does not describe 

a cell that is merely resting; rather, the cell is actively living, and preparing for later cell division, so 

the name was changed. 

13. What is mitotic spindle (Nov 2017) 

The mitotic spindle is the macromolecular machine that segregates chromosomes to two daughter 

cells during mitosis. The major structural elements of the spindle are microtubule polymers, whose 

intrinsic polarity and dynamic properties are critical for bipolar spindle organization and function. 

14. What Is Cancer? 

Cancer results from a series of molecular events that fundamentally alter the normal properties of 

cells. In cancer cells the normal control systems that prevent cell overgrowth and the invasion of other 

tissues are disabled. These altered cells divide and grow in the presence of signals that normally inhibit 

cell growth; therefore, they no longer require special signals to induce cell growth and division. As 

these cells grow they develop new characteristics, including changes in cell structure, decreased cell 

adhesion, and production of new enzymes. These heritable changes allow the cell and its progeny to 

divide and grow, even in the presence of normal cells that typically inhibit the growth of nearby cells. 

Such changes allow the cancer cells to spread and invade other tissues. 

15. Explain the genetics of cancer 

Only a small number of the approximately 35,000 genes in the humangenome have been associated 

with cancer. Alterations in the same gene often are associated with different formsof cancer. These 

malfunctioning genes can be broadly classified intothree groups. The first group, called proto-

oncogenes, producesprotein products that normally enhance cell division or inhibit normalcell death. 

The mutated forms of these genes are called oncogenes.The second group, called tumor suppressors, 

makes proteins thatnormally prevent cell division or cause cell death. The third group 

contains DNA repair genes, which help prevent mutations that lead to cancer. 

16. Give examples of genes associated with cancer 
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17. What are stem cells? 

 Stem cells are undifferentiated or immature cells, which can self-renew, divide and also 

differentiate into more than one cell types. These cells can produce large number of progeny, 

which may be unipotent (produce one cell type), pluripotent (produce many cell types) or 

totipotent (produce all type of cells). 

18. Where do we find the stem cells in the tissues? 

Rapidly dividing tissues such as bone marrow, small intestinal epithelium, muscle, and skin 

have been found to possess stem cells. It is also present in the organs with slow turnover 

times such as liver, brain, and pancreas. Most cells in the adult tissue are mature and 

differentiated cells that will die at defined time. Hence, the new cells are derived from a very 

small population of stem cells i.e. 1 in 100,000 in bone marrow. 

19. How many different types of stem cells available?(Nov 2016) 

Stem cells may be classified based on their source. They are embryonic, fetal, umblical and 

adult stem cells. 

20. What are pluoripotent stem cells 

Pluripotent stem cells are master cells. They're able to make cells from all three basic body 

layers, so they can potentially produce any cell or tissue the body needs to repair itself. This 

“master” property is called pluripotency. 

21. What multipotent stem cells  

Pluripotent cells can give rise to all of the cell types that make up the body; embryonic stem 

cells are considered pluripotent. Multipotent cells can develop into more than one cell type, 

but are more limited than pluripotent cells; adult stem cells and cord blood stem cells are 

considered multipotent. 

22. What unipotent stem cells 

A unipotent stem cell refers to a cell that can differentiate along only one lineage. The word 

'uni' itself is derived from the Latin word 'unus,' meaning one. Found in adult tissues, a 

unipotent stem cell, in comparison with other types of stem cells, has the lowest 

differentiation potential. This means that the cell has the capacity to differentiate into only 

one type of cell or tissue, which is lower in potential compared to stem cells that give rise to 

a broad range of cell types. Although the unipotent adult stem cells in the body's tissues will 
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only give rise to one cell type, they still have the important property of self-renewal that is 

common in all stem cells.Despite their differentiation potential being limited, unipotent cells 

still have vast therapeutic potential to treat injuries and diseases. 

23. What are Mesenchymal stem cells 

Mesenchymal stem cells, or MSCs, are multipotent stromal cells that can differentiate into a 

variety of cell types, including: osteoblasts (bone cells), chondrocytes (cartilage cells), 

myocytes (muscle cells) and adipocytes (fat cells). 

24. What are Hematopoietic stem cells 

Hematopoietic stem cells (HSCs) are multipotent, self-renewing progenitor cells that develop 

from mesodermal hemangioblast cells. All differentiated blood cells from the lymphoid and 

myeloid lineages arise from HSCs. HSCs can be found in adult bone marrow, peripheral 

blood, and umbilical cord blood. 

25. What does stem cell plasticity mean? 

It is the capacity of the stem cells to differentiate along the different lineages when kept in 

the required microenvironment. For example, hematopoietic stem cells have the potential to 

differentiate into neurons, hepoatocytes or monocytes. 

 

26. Define immortalized cell line 

An immortalized cell line is a population of cells from a multicellular organism which would 

normally not proliferate indefinitely but, due to mutation, have evaded normal cellular 

senescence and instead can keep undergoing division. The cells can therefore be grown for 

prolonged periods in vitro. 
27. What are ex-plant cultures? 

Explant culture is culturing a small fragment of a tissue a part of the tissue. In the explain method of 

culture, a small fragment of tissue is placed on a cover slip and covered with a drop of chick plasma 

and growth medium. The plasma sets of from a clot. The cover slip is mounted in the cavity side with 

the clot attached to the under surface. The space in the cavity provides a source of oxygen and allows 

for exchange of carbon monoxide. 

28. What are tumor suppressive genes? 

Any gene whose encoded protein directly or indirectly inhibits progressing through the cell cycle 

and in which a loss of junction mutation is oncogenic. Inheritance of a single mutant allele of many 

tumor suppressor genes, which greatly increases the risk for developing certain types of cancer 

29. Define cell line 

A population of cultured cells, of plant or animal origin that has undergone change allowing the 

cells to grow indefinitely,  in contrast to a cell strain. Cell lines can result from chemical or viral 

transformation and are said to be immortal. 

30. Define contamination 

Any altered change in the system is called contamination and contamination is caused through 

bacteria, fungi, mycoplasma and virus. 

31. Differentiate anchorage dependent and non anchorage dependent cells 

Anchorage Dependent /Adherent cells- Cells shown to require attachment for growth are set to be 

Anchorage Dependent cells. The Adherent cells are usually derived from tissues of organs such as 

kidney where they are immobile and embedded in connective tissue. They grow adhering to the cell 

culture. 

32. Suspension Culture/Anchorage Independent cells - Cells which do not require attachment for 

growth or do not attach to the surface of the culture vessels are anchorage independent 

cells/suspension cells. All suspension cultures are derived from cells of the blood system because 

these cells are also suspended in plasma in vitro e.g. lymphocytes. 
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33. What are secondary cultures? 

When a primary culture is sub-cultured, it becomes known as secondary culture or cell line. 

Subculture (or passage) refers to the transfer of cells from one culture vessel to another culture vessel. 

34. Define finite cell lines 

The cell lines which have a limited life span and go through a limited number of cell generations 

(usually 20-80 population doublings) are known as Finite cell lines. These cell lines exhibit the 

property of contact inhibition, density limitation and anchorage dependence. The growth rate is slow 

and doubling time is around 24-96 hours. 

35. Define continous cell lines 

Cell lines transformed under laboratory conditions or in vitro culture conditions give rise to 

continuous cell lines. The cell lines show the property of ploidy (aneupliody or heteroploidy), absence 

of contact inhibition and anchorage dependence. They grow in monolayer or suspension form. The 

growth rate is rapid and doubling time is 12-24 hours. 

36. What are monolayer cultures 

When the bottom of the culture vessel is covered with a continuous layer of cells, usually one cell in 

thickness, they are referred to as monolayer cultures. 
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37. What are suspension cultures 

Majority of continuous cell lines grow as monolayers. Some of the cells which are non-adhesive e.g. 

cells of leukemia or certain cells which can be mechanically kept in suspension, can be propagated 

in suspension 

38. What are the advantages in the propagation of cells by suspension culture method. 

The process of propagation is much faster., 

(b) The frequent replacement of the medium is not required., 

(c) Suspension cultures have a short lag period, 

(d) treatment with trypsin is not required,  

(e) a homogenous suspension of cells is obtained,  

(f) the maintenance of suspension cultures is easy and bulk production of the cells is easily 

achieved., 

(g) scale-up is also very convenient. 

39. Define subculturing 

Subculturing- Subculturing or splitting cells is required to periodically provide fresh nutrients and 

growing space for continuously growing cell lines. The process involves removing the growth media, 

washing the plate, disassociating the adhered cells, usually enzymatically. Such cultures may be called 

secondary cultures. 

40. Define generation number 

It refers to the number of doublings that a cell population has undergone. 

41. What are the Advantages of serum in culture medium  

i) serum binds and neutralizes toxins,  

(ii) serum contains a complete set of essential growth factors, hormones, attachment and spreading 

factors, binding and transport proteins,  

(iii) it contains the protease inhibitors,  

(iv) it increases the buffering capacity,  

(v) it provides trace elements. 

42. Explain mechanical disaggregation of tissues 

After removing the tissue under aseptic conditions, it is pressed through a sieve of 100 micrometer. It 

is then kept in a sterile Petri dish containing buffered medium with balanced salt solution. The cells 

are then alternately passed through the sieve of decreasing pore size (50 micrometer and 20 

micrometer mesh). The debris which remains on the sieve is discarded and the medium containing 

cells is collected and cells are counted by using haemocytometer. This method is cheap and quick but 

it damages a lot of cells. 

43. Explain enzymatic disaggregation of tissues 

In this method, enzymes are used for dislodging the cells of tissues. The two important enzymes used 

in tissue disaggregation are-collagenase and trypsin. 

44. Explain about the treatment of chelating agents for disaggregation 

The tissues like epithelium (which needs Ca2+ and Mg2+ ions for it’s integrity are treated with chelating 

agents such as citrate and ethylene-diamine-tetra-acetic acid (EDTA). Chelating agents are mainly 

used for production of cell suspensions from established cultures of epithelial type 

45.  What are Desmosomes ? (May 2018) 

Desmosomes are intercellular junctions that provide strong adhesion between cells. Because they 

also link intracellularly to the intermediate filament cytoskeleton they form the adhesive bonds in 

a network that gives mechanical strength to tissues. 

46. Differentiate mitosis and meiosis.(May 2018) 

Mitosis gives two nuclei, and hence two cells, while meiosis gives four. Mitosisgives identical 

cells to each other and to the mother cell, while meiosis leads to genetic variation due to crossing 

over and independent assortment. 
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47. Outline the animal cell cycle with cyclins and cdks (Dec 2018) 

The cell cycle, or cell-division cycle, is the series of events that take place in a cell leading 

to duplication of its DNA (DNA replication) and division of cytoplasm and organelles to 

produce two daughter cells. in eukaryotes, the cell cycle is also divided into two main 

stages: interphase and the mitotic(M) phase (including mitosis and cytokinesis). To ensure 

the proper division of the cell, there are control mechanisms known as cell cycle 

checkpoints.The check points are meidated by cyclins and Cdks.Cyclins and Cdks help in 

Positive Regulation of the Cell. Cycle. Two groups of proteins, called cyclins andcyclin-

dependent kinases (Cdks), are responsible for the progress of the cellthrough the various 

checkpoints.Cyclins regulate the cell cycle only when theyare tightly bound to Cdks. 

    48. What are the difference between hemi demosomes and desosomes? (Dec 2018) 
Desmosomes connect two cells together. A desmosome is also known as a spot desmosome 

or macula adherens (macula = latin for spot), because it is circular or spot like in outline, and not 

belt- or band shaped like adherens junctions. 

Desmosomes are particularly common in epithelia that need to withstand abrasion (see skin). 

Desmosomes are also found in cardiac cells, but the intermediate filament in this case is desmin, 

not keratin (which is found in epithelial cells) 

These look similar to desmosomes, but are different functionally, and in their content. The 

connect the basal surface of epithelial cells via intermediate filaments to the underlying 

basal lamina. The trans membrane proteins of hemi desmosomes are not cadherins, but 

another type of protein called integrin. 
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UNIT-3 

 

1. Write a short note on  passive transport(Nov 2016) 

In passive transport, the molecule cross the plasma membrane by simple diffusion and the direction 

of diffusion is determined by the concentration gradient. 

2. Define facilitate transport (Nov 2015) 

A variety of molecule such as glucose, amino acid and nucleotides are transported across the 

membrane with the help of carrier molecules which is invariable protein. The carrier protein is always 

embedded in the membrane which picks up the substance to transport and releases it across the other 

side. 

3. Define cotransport 

Protein mediated transport of a n ion or small molecule across a membrane against a concentration 

gradient driven by coupling to movement of a second molecule down its concentration gradient 

4. Define symport with examples (May 2014, Nov 2015,Nov 2016) 

A type of co transport in which a membrane protein (symporter) transports two different molecules 

or ions across a cell membrane in the same direction 

5. Define antiport with examples (May 2014, Nov 2015, Nov 2016) 

A type of co transport in which a membrane protein (antiporter) transports two different molecules or 

ions across a cell membrane in opposite directions. 

6. Explain endocytosis  

Uptake of extracellular materials by imagination of the plasma membrane of the plasma membrane 

to form a small membrane bounded vesicle 

7. Explain exocytosis  

Release of intracellular molecules (eg. Hormones, matrix proteins) contained within a membrane 

bounded vesicle by fusion of the vesicle with the plasma membrane of a cell. This is the process where 

by most molecules are secreted from eukaryotic cell 

8. What are endosome 

Membrane bounded organelle in animal cells that carries materials newly ingested by endocytosis and 

passes many of them on to lysosomes for degradation. 

9. Define phagocytosis 

Engulfment of solid particle with the aid of plasma membrane in known as phagocytosis. It has been 

observed in a variety of cells such as leucocytes, endothelial cells, fibrocytes and splenocytes.  

10. Define Virulence 

It is the degree of phatogenicity produced by a pathogen 

11. Write a short notes on macrophages 

Macrophages are large cells with abundant cytoplasm and a large nucleus. They are rich in lysosome 

and often contain phagocytic vesicles with ingested particles. The cell surface has numerous 

microvilli or cytoplasmic processes, which help in the ingestion of particulate matter. 

12. What are the three class of membrane transporter 

The three classes of membrane trasporters are simple transporter, group translocation and the ABC 

system. 

13. Define Active transport 

Cells require transport protein that will actively pump certain solutes across the membrane against 

their electrochemical gradient this process is known as active transport  

14. Write a short note on P- classes ion pump 

P- classes ion pump is located in plasma memebrane of plants, fungi, bacteria (H+ pump), Plasma 

membrane of higher eukaryotes (Na/K+ pump), sarcoplamsic reticulum membrane in muscle cells etc. 

They have large catalytic alpha subunits which are phophorylated during solute transport and small 

beta subunits which regulate transport (H+, Na+, K+, Ca2+). 
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15. Write a short note on F- classes ion pump 

It is located in bacterial plasma membrane, inner mitochondrial membrane, thylakoids membrane of 

chloroplast. They have multiple transmembrane and cytosolic subunits generally function to 

synthesize ATP on beta cytosolic subunits powered by movement of H+. 

16. Write a short note on V- classes ion pump 

It is located in vacuolar membrane in plants, yeast, fungi, endosomal and lyosomal membrane in 

animal cells. And in the plasma membrane of certain acid secreting animals cells (e.g osteoclasts and 

some kidney tubules cells). They also have multiple transmembrane and cyotosolic subunits generally 

use energy released by ATP hydrolysis to pump H+ ions from cytosol to organelle lumens, acidifying 

them. It help the transportation of H+ only. 

17. Write a short note on ABC- transporters (May 2014) 

Members of large superfamily of membrane transport protein that hydrolyze ATP and transfer a diver 

array of small molecules across a membrane. 

18. Define sodium potassium ATPase 

They are transmembrane carrier protein found in the plasma membrane of most animal cells that 

pumps sodium out of and K+ into the cell, using the energy derived from ATP hydrolysis. 

19. Write a short notes on Ca2+- ATPase 

Ca2+- ATPases transport Ca2+ out of the cell against the electrochemical gradient. It transport Ca2+ions 

out of the cytosol into the external medium or into the lumen of the sarcaplasmic reticulum of muscle 

cells.  A small increment in the concentration of free Ca2+ ions in the cytosol triggers a variety of 

cellular response.  

20. What are receptor tyrosine kinase? 

They are an important class of cell surface receptors whose cytosolic domain has tyrosine specific 

protein kinase activity. Ligand binding activates this kinase activity and initiates intracellular 

signaling pathways. 

21. Write short notes on cholera toxin? 

The cholera toxin is a hexameric protein contains 1 and 5 subunits, produced by the bacterium 

Vibrio cholerae, the bacterium that causes cholera. The symptom of cholera is massive diarrhea, 

caused by water flow from the blood through intestinal epithelial cells in to the lumen of the intestine, 

death from dehydration is common. 

22. What is lactose permease? (Nov 2014) 

Lactose permease is a membrane protein which is a member of the major facilitator superfamily. 

Lactose permease can be classified as a symporter, which uses the gradient of H+ towards the cell to 

transport lactose in the same direction into the cell. 

23. Define Primary and Secondary active transport 

In primary active transport, solute accumulation is coupled directly to an exergonic chemical reaction, 

such as conversion of ATP to ADP + Pi. Secondary active transport occurs when endergonic (uphill) 

transport of one solute is coupled to the exergonic (downhill) flow of a different solute that was 

originally pumped uphill by primary active transport 

24. What is ligand gated ion channel 

The Ligand-gated ion channels, also referred to as LGICs, or ionotropic receptors, are a group of 

intrinsic transmembrane ion channels that are opened or closed in response to binding of a chemical 

messenger, as opposed to voltage-gated ion channels or stretch-activated ion channels 

25. Define agonist 

It is a substance that binds to a specific receptor and triggers a response in the cell. It mimics the 

action of an endogenous ligand (such as hormone or neurotransmitter) that binds to the same receptor. 

26. What are the three types of endocytosis (Nov 2014) 

Pinocytosis 

Phagocytosis 

Receptor mediated Endocytosis 
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27. What is resting membrane potential (May 2015) 

The relatively static membrane potential of quiescent cells is called the resting membrane potential 

(or resting voltage), as opposed to the specific dynamic electrochemical phenomena called action 

potential and graded membrane potential. 

28. What are transient receptor potential channels? (May 2015) 

Transient receptor potential channels (TRP channels) are a group of ion channels located mostly on 

the plasma membrane of numerous animal cell types. There are about 28 TRP channels that share 

some structural similarity to each other. 

30.  Differentiate pumps and channels? (Nov 2017) 

Ion channels  

These multimeric proteins have the ability to open and close in response to chemical (by 

specific ligands binding) or mechanical signals. When they are in their open state, specific 

(depends on the proteins' e.g. width, amino acids line a channel) ions can flow through the 

membrane along their elchem. pot. This causes the pot. decrease which creates an electric 

signal. Therefore ion channels are extremely important in excitatory cells (e.g. neurons, 

muscle cells). (Note that electric signal is faster than chemical signal.) Most channels close 

quickly (within few milliseconds) and enter the resting state, where they are unresponsive 

to signals for a short period of time. However during the time they were open, lots of ions 

traveled through and electric signal was created. In order to get through the channel the 

cell does not need to invest energy. We call the whole method passive transport. (Typical 

examples: Na and K ion channels.)  

Ion pumps  

These multimeric proteins labour to maintain the gradient by slowly move ions againts the 

gradient while consuming energy. In other word they are capable of thermodinamically 

uphill transport (they move ions to a higher energy state and that is why pumps need to 

invest energy). The primary pumps hydrolyze ATP to cover the required energy. With the 

hydrolyzation, their conform change and they translocate the previously binded specific 

ions, then release them. They can be regulated by the internal concentration of ions being 

pumped and by various hormonal factors. The secondary pumps transport two different 

ions, one ion along its gradient and the other againts it. In this case the energy source is the 

ion which moves along its gradient, that (power of ion gradient) stirs the motion. There are 

two subtypes, symporters (each of the ions move the same direction through the membrane) 

and antiporters (ions move the opposite direction through the membrane). We call these 

methods active transport. (e.g. primary: Na-K ATPase, secondary: Na-K-Cl symporter) 
31. Differentiate between pumps and carrier proteins.(May 2017) 

Carrier proteins are typically molecules that bind to other compounds so as to facilitate passage 

through a membrane. On the other hand, a pump is a protein channel that relies on a gradient 

(usually chemiosmotic eg electrolytes) for action 

32.  With suitable examples define agonist and antagonists (May 2017) 

An agonist is a drug that activates certain receptors in the brain. Full agonist opioids activate the 

opioid receptors in the brain fully resulting in the full opioid effect. Examples of full agonists are 

heroin, oxycodone, methadone, hydrocodone, morphine, opium and others. 

An antagonist is a drug that blocks opioids by attaching to the opioid receptors without activating 

them. Antagonists cause no opioid effect and block full agonist opioids. Examples are naltrexone 

and naloxone. Naloxone is sometimes used to reverse a heroin overdose. 

  33. Give a brief note on Agonists.(May 2018) 

An agonist is a chemical that binds to a receptor and activates the receptor to produce a 

biological response. Whereas an agonist causes an action, an antagonist blocks the action of 

the agonist, and an inverse agonist causes an action opposite to that of the agonist. 
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  34. What is the need for membrane transport ?(May 2018) 

In cellular biology, membrane transport refers to the collection of mechanisms that regulate the 

passage of solutes such as ions and small molecules through biologicalmembranes, which are 

lipid bilayers that contain proteins embedded in them. 

Just as in passive transport, molecules, particles, and ions travel freely across thecellular 

membrane from high concentration to low concentration in an attempt to achieve equilibrium 

and thereby increase the entropy of the system. 

   35.Explain the role of selectivity filter in K+ channels to distinguish Na+ and K+ 

ions?(Dec 2018) 

K+ ions and water molecules within the filter undergo concerted single-file motion in which 

they translocate between adjacent sites within the filter on a nanosecond timescale. In 

contrast, Na+ ions remain bound to sites within the filter and do not exhibit translocation 

on a nanosecond timescale. Furthermore, entry of a K+ ion into the filter from the 

extracellular mouth is observed, whereas this does not occur for a Na+ ion. Whereas 

K+ ions prefer to sit within a cage of eight oxygen atoms of the filter, Na+ ions prefer to 

interact with a ring of four oxygen atoms plus two water molecules. These differences in 

interactions in the selectivity filter may contribute to the selectivity of KcsA for K+ ions 

(in addition to the differences in dehydration energy between K+ and Na+) and the block of 

KcsA by internal Na+ ions. 

   36.What is the difference between transport carried out by the channels and pump?(Dec 

2018) 

 Permeability is conferred by two classes of membrane proteins, pumps and channels. 

Pumps use a source of free energy such as ATP or light to drive the thermodynamically 

uphill transport of ions or molecules. Pump action is an example of active transport. 

Channels, in contrast, enable ions to flow rapidly through membranes in a downhill 

direction. Channel action illustrates passive transport, or facilitated diffusion. 

 

 

  

https://www.ncbi.nlm.nih.gov/books/n/stryer/A5607/def-item/A5617/
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UNIT-4 

 

1. Define endocrine signaling. 

Signaling molecules called hormones, action target cells distant from their site of synthesis by cells 

of endocrine organs. In animals, an endocrine hormone usually is carried by the blood from it site of 

resale to its target cells.  

2. Define paracrine signaling.(Nov 2016) 

The signaling molecules released by a cell only affect target cells in close proximity to it. 

3. Define autocrine signaling  (Nov 2017) 

Cell response to substance that they themselves release and stimulate their own cells.eg  growth factor 

4. Define second messenger(Nov 2016, May 2017) 

Small molecule that is formed in or released into the cytosol in response to an extrracellular signal 

and helps to relay the signal to the interior of the cell.Exmples include cAMP, IP3 and Ca2+ 

5. Write a short notes on signal amplification 

The cellular responses triggered by cAMP may require thousand or even millions of cAMP molecules 

per cell. Thus the hormone signal must be amplified in order to generate sufficient second messenger 

from few thousand receptors present on a cell 

6. Define signaling molecule (May 2014) 

It is an extracellular or intracellular molecule that cues the response of a cell to the behavior of other 

cells or objects in the environment.    

7. What are receptors? (May 2014) 

Receptors are proteins that bind a specific extracellular signaling molecule (ligand) and initiate a 

response in the cell.  

8. Write short notes on cell surface receptors. 

Cell surface receptors, such as acetyl choline receptor and the insulin receptor, are located in the 

plasma membrane, with their ligand binding site exposed to the external medium. 

9. What are G proteins? Name two important functions of G proteins 

They are heterotrimeric GTP binding proteins that function in intracellular signaling pathways usually 

activated by lignad binding to a coupled seven spanning receptor on the cell surface 

10. How G proteins are activated? 

G proteins alternate between an “on ” state with bound GTP and “off ” state with bound GDP. When 

no ligand is bound to a beta adrenergic receptor, the alpha subunit of G protein is bound to GDP and 

complexed with and  subunits. Binding of hormone to the receptor changes its conformation, 

causing it to bind to the trimeric G protein in such a way that GDP is displaced from Gs and GTP is 

bound. 

11. What is G protein coupled receptors? 

They are cell surface receptors that have seven transmemebrane alpha helices and are directly coupled 

to a trimeric G protein. G-protein coupled receptors mediate the cellular responses to an enormous 

diversity of signaling molecules, including hormones, neurotransmitters, localmediators etc. 

12. What is Ras protein? 

A monomeric GTP binding protein that function in intracellular signaling pathway and is activated 

by Ligand binding to receptor tyrosine kinases and other cell surface receptors 

13. What is MAP kinase? 

Protein kinase that is activated in response to cell stimulation by many different growth factors and 

that mediates cellular responses by phosphorylating specific target proteins. 

14. What are second messengers? Give  two examples? (Nov 2012) 

An intracellular signaling molecule whose concentration increases (or decreases) in response to 

binding of an extracellular ligand to a cell surface receptor.Example includecAMP, Ca2+, 

diacylglycerol (DAG), IP3. 
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15. Define signal transduction. 

Conversion of a signal from one physical or chemical form into another. In cell biology commonly 

refers to the sequential process initiated by binding of an extacellular signal to a receptor and 

culminating in one or more specific cellular responses.  

16. Define MAP kinase. 

Mitogen activated protein kinase  are protein kinase that perofems a crucial step in relaying signals 

from the plasma memebanme to the nucleus. Turned on by a wide range of proliferation or 

differentiation inducing signals. 

17. Write a short notes on signal amplicfication. 

The cellular responses triggered by cAMP may require thousand or even millions of cAMP molecules 

per cell. Thus the hormone signal must be amplified into order to generate sufficient second 

messenger from the few thousand receptors present on a cell.  

18. Draw the structure of retinoic acid 

 
19. Draw the structure of progestrone 

 
 

20. Draw the structure of thyroxine 

 
21. Draw the structure of Arachidonic acid 

 
22. Draw the structure of prostaglandin  

 
23. What is an intracellular receptor?  

Intracellular receptors are receptors located inside the cell rather than on its cell membrane. Examples 

are the class of nuclear receptors located in the cell nucleus and cytoplasm and the IP3 receptor located 

on the endoplasmic reticulum. The ligands that bind to them are usually intracellular second 

messengers like inositol trisphosphate (IP3) and extracellular lipophilic hormones like steroid 

hormone 

24. How does DAG act as secondary messenger? (May 2014) 

DAG remains in the inner layer of the plasma membrane. It recruits Protein Kinase C (PKC) — 

a calcium-dependent kinase that phosphorylates many other proteins that bring about the changes in 

the cell 
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25. Define hormone response elements (Nov 2014) 

A hormone response element (HRE) is a short sequence of DNA within the promoter of a gene that 

is able to bind a specific hormone receptor complex and therefore regulatetranscription.The sequence 

is most commonly a pair of inverted repeats separated by three nucleotides, which also indicates that 

the receptor binds as a dimer. Specifically, HRE responds to steroid hormones, as the activated steroid 

receptor is the transcription factor binding HRE. This regulates the transcription of genes signaled by 

the steroid hormone. 

26. Give an example for a hormone which is soluble in lipid and classified as amine (Nov 2014) 

Triioodothyronine, tetreaiodothyronine 

27. Expand the term GPCR and mention their role (May 2015) 

G protein–coupled receptors (GPCRs), also known as seven-transmembrane domain receptors, 7 TM 

receptors, heptahelical receptors, serpentine receptor, and G protein–linked receptors (GPLR), 

constitute a large protein family of receptors, that sense molecules outside the cell and activate inside 

signal transduction pathways and, ultimately, cellular responses. Coupling with G proteins, they are 

called seven-transmembrane receptors because they pass through the cell membrane seven times. 

28. What is adenylatecylase( May 2015) 

Adenylyl cyclase (EC 4.6.1.1, also commonly known as adenylcyclase and adenylatecyclase, 

abbreviated AC) is an enzyme with key regulatory roles in essentially all cells. It is the most 

polyphyletic known enzyme: six distinct classes have been described, all catalyzing the same reaction 

but representing unrelated gene families with no known sequence or structural homology.  

29. What is the role of hormone response element (Nov 2015) 

A hormone response element (HRE) is a short sequence of DNA within the promoter of a gene that 

is able to bind a specific hormone receptor complex and therefore regulate transcription. 

30. Write the biological significance of c GMP.(Nov 2015) 

Cyclic guanosine monophosphate (cGMP) is a cyclic nucleotide derived from guanosine triphosphate 

(GTP). cGMP acts as a second messenger much like cyclic AMP. Its most likely mechanism of action 

is activation of intracellular protein kinases in response to the binding of membrane-impermeable 

peptide hormones to the external cell surface. 

31. Hydrophilic signals have intracellulkar receptors. true or false . explain (May 2017) 

•Hydrophilic molecules are not lipid soluble & cannot pass through the hydrophobic barrier of cell 

membrane. 

•They bind to a transmembrane protein receptor at the surface of target cell. 

•Once the signal molecule binds to the protein at surface of target cell, the conformation of 

transmembrane proteins alters. 

•This results in signal transduction into the cell, as the receptors act as transducers, which convert the 

extracellular binding event into intracellular signals which alter the behaviour of the target cell. 

32. Give one example for cytosolic receptor. (Nov 2017) 

Receptors for steroid and thyroid hormones are located inside target cells, in the cytoplasm or nucleus, 

and function as ligand-dependent transcription factors. That is to say, the hormone-receptor complex 

binds to promoter regions of responsive genes and stimulate or sometimes inhibit transcription from 

those genes. 

   33. Define autocrine signaling. (May 2018) 

Autocrine signaling is a form of cell signaling in which a cell secretes a hormone or chemical 

messenger (called the autocrine agent) that binds to autocrine receptors on that same cell, leading 

to changes in the cell. 

An example of an autocrine agent is the cytokine interleukin-1 in monocytes. When interleukin-1 

is produced in response to external stimuli, it can bind to cell-surface receptors on the same cell 

that produced it 

  

https://en.wikipedia.org/wiki/Cell_signaling
https://en.wikipedia.org/wiki/Cytokine
https://en.wikipedia.org/wiki/Interleukin-1
https://en.wikipedia.org/wiki/Monocytes
https://en.wikipedia.org/wiki/Receptor_(biochemistry)
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   34. What is extracellular signalling ? (May 2018) 

Extracellular signalling molecules are cues, such as growth factors, hormones, cytokines, 

extracellular matrix components and neurotransmitters, designed to transmit specific information 

to target cells. They are recognized by cognate receptors on the surface of target cells to initiate 

intracellular signalling cascades that elicit specific 

 cellular responses. 

   35. What are secondary messenger and explain with an example?(Dec 2018) 
Second messengers are molecules that relay signals received at receptors on the cell surface — 

such as the arrival of protein hormones, growth factors, etc. — to target molecules in the cytosol 

and/or nucleus.  Examples of second messenger molecules include cyclic AMP, cyclic GMP, 

inositol trisphosphate, diacylglycerol, and calcium. 

    36.Mention any two gaseous signaling molecule and their biological function (Dec 2018) 

Gaseous signaling molecules are gaseous molecules that are either synthesised internally 

(endogenously) in the organism, tissue or cell or are received by the organism, tissue or cell from 

outside (say, from the atmosphere or hydrosphere, as in the case of oxygen) and that are used to 

transmit chemical signals which induce certain physiological or biochemical changes in the 

organism, tissue or cell. The term is applied to, for example, oxygen, carbon dioxide, nitric 

oxide, carbon monoxide, hydrogen sulfide, sulfur dioxide, nitrous oxide, hydrogen 

cyanide, ammonia, methane, hydrogen, ethylene,  

Carbon dioxide is one of the mediators of local auto regulation of blood supply. If its levels 

are high, the capillaries expand to allow a greater blood flow to that tissue. 

NO is one of the few gaseous signaling molecules known and is additionally exceptional due to the 

fact that it is a radical gas. It is a key vertebrate biological messenger, playing a role in a variety of 

biological processes 
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UNIT-5 

1. What do you mean by the resolving power? 

It is the ability to distinguish two adjacent points as distinct and separate. Resolving  power of human 

eye is 0.1 mm. 

2. What do you mean by freeze etching? 

Cells are frozen in liquid N2, warmed at 100c, these brittle cells are fractured specimen is allowed 

to sublimate in a vaccum and shadow casting is applied tothe exposed surfaces.  Now the specimen 

is chemically removed and the replica can be studied in TEM. 

3. What is shadow casting? 

Microorganisms are coated with a thin film of platinum or gold at an angle of 45 from horizontal, 

so coating can be done at one side.  The image of the specimen appears as if   light is shining on it 

from the side casting a shadow. 

4. Differentiate Transmission and Scanning electron microscopy. 

In TEM, sample is prepared by negative staining, shadowing and freeze etching and it  is  used in 

ultrastructural studies. In SEM Sample preparation is less complicated and 3-D structural details can 

be studied . 

5. What is meant by flow cytometry 

Flow cytometry is a laser-based, biophysical technology employed in cell counting, cell sorting, 

biomarker detection and protein engineering, by suspending cells in a stream of fluid and passing 

them by an electronic detection apparatus. 

6. What is the importance of flow cytometry 

Flow cytometry is routinely used in the diagnosis of health disorders, especially blood cancers, but 

has many other applications in basic research, clinical practice and clinical trials. A common variation 

is to physically sort particles based on their properties, so as to purify populations of interest. 

7. What are the five important components of flow cytometer 

A flow cytometer has five main components: 

a flow cell - liquid stream (sheath fluid), which carries and aligns the cells so that they pass single file 

through the light beam for sensing 

a measuring system - commonly used are measurement of impedance (or conductivity) and optical 

systems - lamps (mercury, xenon); high-power water-cooled lasers (argon, krypton, dye laser); low-

power air-cooled lasers (argon (488 nm), red-HeNe (633 nm), green-HeNe, HeCd (UV)); diode lasers 

(blue, green, red, violet) resulting in light signals 

a detector and Analogue-to-Digital Conversion (ADC) system - which generates FSC and SSC as 

well as fluorescence signals from light into electrical signals that can be processed by a computer 

an amplification system - linear or logarithmic 

a computer for analysis of the signals. 

8. Define acquisition 

The process of collecting data from samples using the flow cytometer is termed 'acquisition'. 

Acquisition is mediated by a computer physically connected to the flow cytometer, and the software 

which handles the digital interface with the cytometer. 

9. Explain about gates 

The data generated by flow-cytometers can be plotted in a single dimension, to produce a histogram, 

or in two-dimensional dot plots or even in three dimensions. The regions on these plots can be 

sequentially separated, based on fluorescence intensity, by creating a series of subset extractions, 

termed "gates." 

10. Explain about FACS 

Fluorescence-activated cell sorting (FACS) is a specialized type of flow cytometry. It provides a 

method for sorting a heterogeneous mixture of biological cells into two or more containers, one cell 

at a time, based upon the specific light scattering and fluorescent characteristics of each cell. 
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11. What are the important labels used in flow cytometer 

Fluorescent labels, Quantum dots and Isotype labeling 

12. Explain about SEM (Nov 2014) 

A scanning electron microscope (SEM) is a type of electron microscope that produces images of a 

sample by scanning it with a focused beam of electrons. The electrons interact with atoms in the 

sample, producing various signals that can be detected and that contain information about the sample's 

surface topography and composition. 

13. What is the common mode of detection in SEM 

The most common mode of detection is by secondary electrons emitted by atoms excited by the 

electron beam. The number of secondary electrons is a function of the angle between the surface and 

the beam. 

14. What are the types of signals produced in SEM 

The types of signals produced by a SEM include secondary electrons (SE), back-scattered electrons 

(BSE), characteristic X-rays, light (cathodoluminescence) (CL), specimen current and transmitted 

electrons. 

15. What are the importnrt properties samples should have to analyse in SEM 

For conventional imaging in the SEM, specimens must be electrically conductive, at least at the 

surface, and electrically grounded to prevent the accumulation of electrostatic charge at the surface. 

16. Give examples of conductive materials used along with samples in SEM 

Conductive materials in current use for specimen coating include gold, gold/palladium alloy, 

platinum, osmium,iridium, tungsten, chromium, and graphite. Additionally, coating may increase 

signal/noise ratio for samples of low atomic number (Z). The improvement arises because secondary 

electron emission for high-Z materials is enhanced. 

17. What is the use of electron amplifiers in SEM 

Electronic amplifiers of various types are used to amplify the signals, which are displayed as 

variations in brightness on a computer monitor. 

18. What isCathodeluminescence 

It is the emission of light when atoms excited by high-energy electrons return to their ground state, is 

analogous to UV-induced fluorescence, and some materials such as zinc sulfide and some fluorescent 

dyes, exhibit both phenomena. 

19. What is ESEM ? 

The environmental scanning electron microscope or ESEM is a scanning electron microscope (SEM) 

that allows for the option of collecting electron micrographs of specimens that are "wet," uncoated, 

or both by allowing for a gaseous environment in the specimen chamber. 

20. Explain about TEM 

Transmission electron microscopy (TEM) is a microscopy technique in which a beam of electrons is 

transmitted through an ultra-thin specimen, interacting with the specimen as it passes through. 

21. How image is formed in TEM 

An image is formed from the interaction of the electrons transmitted through the specimen; the image 

is magnified and focused onto an imaging device, such as a fluorescent screen, on a layer of 

photographic film, or to be detected by a sensor such as a CCD camera. 

22. What are the important components of TEM 

A TEM is composed of several components, which include a vacuum system in which the electrons 

travel an electron emission source for generation of the electron stream, a series of electromagnetic 

lenses, as well as electrostatic plates. 

23. What is tissue sectioning 

By passing samples over a glass or diamond edge, small, thin sections can be readily obtained using 

a semi-automated method. This method is used to obtain thin, minimally deformed samples that allow 

for the observation of tissue samples. Additionally inorganic samples have been studied, such as 

aluminium, although this usage is limited owing to the heavy damage induced in the less soft samples. 
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24. What is STEM 

A TEM can be modified into a scanning transmission electron microscope (STEM) by the addition of 

a system that rasters the beam across the sample to form the image, combined with suitable detectors. 

Scanning coils are used to deflect the beam, such as by an electrostatic shift of the beam, where the 

beam is then collected using a current detector. 

25. What is confocal microscope 

Confocal microscopy is an optical imaging technique used to increase optical resolution and contrast 

of a micrograph by using point illumination and a spatial pinhole to eliminate out-of-focus light in 

specimens that are thicker than the focal plane. 

26. What is immunostaining ? (Nov 2017) (May2018) 

Immunostaining is a general term in biochemistry that applies to any use of an antibody-based 

method to detect a specific protein in a sample.  

27. What is the applicationofimmunostaining ? 

The applications of immunostaining are numerous, but are most typically used in clinical 

diagnostics and laboratory research.Clinically, IHC is used in histopathology for the diagnosis of 

specific types of cancers based on molecular markers.In laboratory science, immunostaining can be 

used for a variety of applications based on investigating the presence or absence of a protein, its tissue 

distribution, its sub-cellular localisation, and of changes in protein expression or degradation. 

28. Mention different immunostaining techniques? 

 Immunohistochemistry 

 Flow cytometry 

Western blotting 

Enzyme-linked immunosorbent assay 

Immuno-electron microscopy 

29. Discuss the application of determing the localization of protein 

Determining subcellular localization is important for understanding protein function and is a critical 

step in genome annotation. 

Knowledge of the subcellular localization of a protein can significantly improve target identification 

during the drug discovery process. For example, secreted proteins andplasma membrane proteins are 

easily accessible by drug molecules due to their localization in the extracellular space or on the cell 

surface. 

Bacterial cell surface and secreted proteins are also of interest for their potential as vaccine candidates 

or as diagnostic targets. 

Aberrant subcellular localization of proteins has been observed in the cells of several diseases, such 

as cancer and Alzheimer's disease. 

Secreted proteins from some archaea that can survive in unusual environments have industrially  

important applications. 

30. List out the techniques used to localize proteins in the cell (Nov 2014, May 2017) 

Immunostaining, Flow cytometry,Western blotting 

29. What do you mean by gating in flow cytometry? (May 2015) 

A subset of data can be defined through a gate. A gate is a numerical or graphical boundary that can 

be used to define the characteristics of particles to include for further analysis. For example, in a blood 

sample containing a mixed population of cells, we can restrict the analysis to lymphocytes. 

30. What is meant by cryopreservation (May 2015) 

Cryopreservation or cryoconservation is a process where cells, whole tissues, or any other substances 

susceptible to damage caused by chemical reactivity or time are preserved by cooling to sub-zero 

temperatures. 

31. What are the general applications of microscopic techniques in cell biology? (Nov 2015) 

To study objects we must interact with them. Generally, the technique of interaction is determined by 

the size of the object. Thus, an object of macroscopic size can be studied by direct contact. However, 

microscopic objects, such as the cell and its organelles, must be studied with agents of similar or 

http://en.wikipedia.org/wiki/Scanning_transmission_electron_microscope
http://en.wikipedia.org/wiki/Optical_resolution
http://en.wikipedia.org/wiki/Contrast_%28vision%29
http://en.wikipedia.org/wiki/Micrograph
http://en.wikipedia.org/wiki/Focal_plane
http://en.wikipedia.org/wiki/Biochemistry
http://en.wikipedia.org/wiki/Antibody
http://en.wikipedia.org/wiki/Protein
http://en.wikipedia.org/wiki/Immunostaining#Immunohistochemistry
http://en.wikipedia.org/wiki/Immunostaining#Flow_cytometry
http://en.wikipedia.org/wiki/Immunostaining#Western_blotting
http://en.wikipedia.org/wiki/Immunostaining#Enzyme-linked_immunosorbent_assay
http://en.wikipedia.org/wiki/Immunostaining#Immuno-electron_microscopy
http://en.wikipedia.org/wiki/Immunostaining#Flow_cytometry
http://en.wikipedia.org/wiki/Immunostaining#Western_blotting


27 

 

smaller size. Cells in C. elegans are roughly 3–30 microns in diameter, thus, light with wavelength in 

the visible range (~500 nm) is an ideal interacting agent. The set up of light microscopes affords a 

resolution that is about half the wavelength of light employed. Thus, light microscopy is useful for 

examining cells and cellular substructures on the order of 200–300 nm or larger. 

32. What is the principle of confocal microscopy (Nov 2015) (May 2018) 

Similar to the widefield microscope, the confocal microscope uses fluorescence optics. Instead of 

illuminating the whole sample at once, laser light is focused onto a defined spot at a specific depth 

within the sample. This leads to the emission of fluorescent light at exactly this point. A pinhole inside 

the optical pathway cuts off signals that are out of focus, thus allowing only the fluorescence signals 

from the illuminated spot to enter the light detector. 

 
33. Explain the principle of flow cytometry(Nov 2016) 

The basic principle of flow cytometry is the passage of cells in single file in front of a laser so they 

can be detected, counted and sorted. Cell components are fluorescently labelled and then excited by 

the laser to emit light at varying wavelengths. 

 
34. Define the term resolving power of a microscope (Nov 2016) 

Resolving power is the ability of an imaging device to separate (i.e., to see as distinct) points of an 

object that are located at a small angular distance or it is the power of an optical instrument to separate 

far away objects, that are close together, into individual images. 

35. How will you separate mitochondria from other organelles (May 2017) 

Isolation of mitochondria involves cell disruption and centrifugation. The process of cell disruption 

involves breaking open of cell so as to spill out the contents within the cell. Centrifugation is the 

process by which mixtures of cell components are separated by centrifugal force. The more dense 

particles migrate away from the axis, while less dense components of the mixture migrates towards 

the axis of centrifuge. The centrifugal technique which is used to separate the cell components from 

whole cell is called differential centrifugation. Differential centrifugation gives only a crude extract. 

36. Differentiate between light and electron microscope (Nov 2017) 

Light Microscope Electron Microscope 

Illuminating source is the Light. Illuminating source is the beam of electrons. 

Specimen preparation takes usually 

few minutes to hours. 
Specimen preparation takes usually takes few days. 

Live or Dead specimen may be 

seen. 
Only Dead or Dried specimens are seen. 
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Condenser, Objective and eye piece 

lenses are made up of glasses. 
All lenses are electromagnetic. 

It has low resolving power (0.25µm 

to 0.3µm). 

It has high resolving power (0.001µm), about 250 times 

higher  than light microscope. 

It has a magnification of of 500X to 

1500X. 
It has a magnification of 100,000X to 300,000X. 

The object is 5µm or thicker. The object is 0.1µm or thinner. 

Image is Colored. Image is Black and White. 

Vacuum is not required. Vacuum is essential for its operation. 

There is no need of high voltage 

electricity. 

High voltage electric current is required (50,000 Volts and 

above). 

There is no cooling system. 
It has a cooling system to take out heat generated by high 

electric current. 

Filament is not used. Tungsten filament is used to produce electrons. 

Radiation risk is absent. There is risk of radiation leakage. 

Specimen is stained by colored 

dyes. 

Specimen is coated with heavy metals in order to reflect 

electrons. 

Image is seen by eyes through 

ocular lens 

Image is received in Zinc Sulphate Fluorescent Screen or 

Photographic Plate. 

It is used for the study of 

detailed gross internal structure. 

It is used in the study of external surface, ultra structure of 

cell and very small organisms. 

   37. Give any three application of immunostaining (Dec 2018) 
In biochemistry, immunostaining is any use of an antibody-based method to detect a specific 

protein in a sample. The term "immunostaining" was originally used to refer to the 

immunohistochemical staining of tissue sections, as first described by Albert Coons in 1941.The 

applications of immunostaining are numerous, but are most typically used in clinical 

diagnostics and laboratory research. 

Clinically, IHC is used in histopathology for the diagnosis of specific types of cancers based on 

molecular markers. 

In laboratory science, immunostaining can be used for a variety of applications based on 

investigating the presence or absence of a protein, its tissue distribution, its sub-cellular 

localization, and of changes in protein expression or degradation. 

38. What kind of parameters of a cell or particle can be measured by a flow cytometer? (Dec 2018) 

As a cell passes through the interrogation point of a flow cytometer it both scatters light and, any 

fluorophores on or in the cell, will absorb the incident light and emit photons in a range of 

wavelengths. These photons terminate at a detector and a current is generated in the detector 

proportional to the amount of incident light. This process is repeated for each cell and for every 

laser employed on the instrument. 
----- 
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1. Differentiate eukaryotic and prokaryotic cells with neat sketches. 

2. Explain the major eukaryotic cell organelles with a neat labeled diagram.(Nov 2015) 

3. Explain the following (May 2014, Nov 2015, Nov 2016) 

a) Fluid mosaic model of membrane               

b) Protein crystal model   

4. Explain the following 

a) Unit membrane model                  

b) Danielli Davson 

c) Micellar theory 

5. Write detailed notes on membrane proteins.(May 2017) 

6. Write detailed notes on cytoskeletal proteins.(May 2014, Nov 2014,Nov 2016) 

7. Explain in detail about extra cellular matrix and its components.(Nov 2016 , May 2017) 

8. Explain in detail about gap junctions 

9. Give a detailed account on tight junctions 

10. Give a detailed account on desmosomes (May 2017) 

11. Briefly explain about hemidesmosomes(May 2017) 

12. Discuss cell to cell junction and cell to matrix junction (Nov 2014, Nov 2015) 

13. Explain the roles of endoplasmic reticulum, golgi apparatus and cell membrane in sub 

cellular protein trafficking. (Nov 2017) 

14. Write notes on chemokinesis and chemotaxis (Nov 2017)  

15. What are cytoskeletal proteins ? Explain their types, structure and  functions.(May 2018) 

16. Discuss the structure and functions of a cell membrane (May 2018) 

17. Elucidate the organization of cellular plasma membrane and its function (Dec 2018) 

18. Describe the several types of cytoskeletal proteins and its functions (Dec 2018) 

 

UNIT-2 

 

1. What is mitosis? Explain various stages with the help of neat diagrams. (May 2014) 

2. Differentiate mitosis and meiosis. (May 2017) 

3. Explain the different stages of meiosis with clear diagram and elucidate the differences 

between mitosis and meiosis. (May 2015, Nov 2015, Nov 2016, Nov 2017) 

4. Describe in detail about eukaryotic cell cycle and its regulation. (Nov 2014, May 2015, 

Nov2015, May 2017) 

5. Explain various methods for disaggregating a cell from tissue (Dec 2010) 

6. Explain the different types of media used in cell culture and explain their basic constituents  



7. Describe the different types and sources of stem cells along with their characteristics 

8. Explain in detail about stem cells and its importance 

9. Explain the  role of Ras and Raf in oncogenesis and apoptosis 

10. Give a detailed note on the applications of cell culture 

11. Define Cell cycle. Explain in detail the regulation of cell cycle (May 2018) 

12. Give a detailed account on tight junction (May 2018) 

13. Describe the various phases of cell cycle and its regulation (Dec 2018) 

14. (i)Explain the protein components of extracellular matrix and its functions (ii) Describe the 

four major integrals proteins involved in cell –cell and cell-martix interaction (Dec 2018) 

15. How DNA replication initiation is regulated only once during cell cycle ? (Dec 2018) 

16. Comment the relationship between phosphatidylserine and apoptosis (Dec 2018) 

 

UNIT-3 

 

1. a. Explain about the passive transport     (Dec 2010, May 2014, Nov 2014)         

b. What are the uses of transport system 

2. Explain in detail about active transport (May 2014 , Nov 2014, Nov 2015, Nov 2017) 

3. Elaborate sodium potassium pumps( Dec 2008 , May 2017) 

4. Explain in detail about the structure and working of Ca2+   pumps (May 2015) 

5. Explain in detail about the lysosomal and vacuolar proton pumps 

6. Explain about the transport of histidine through ABC protein (May 2014) 

7. Define symporter. Discuss it with the help of one example.(May 2015) 

8. Explain in detail the following (May 2011, May 2015) 

a. Na /Ca2+antiporter 

b. Cl- /HCO3
-antiporter 

9. Explain the voltage gated Na + channel of the neurons 

10. Give a detailed note on agonists and antagonists (Nov 2014, Nov 2015,Nov 2016 ) 

11. Explain ion channels and its role in cells (Nov 2015) 

12. Write short notes on ion channels, pumps and transporters with appropriate example. 

(Nov 2017) 

      13. Explain in detail about K+pump an dits transport mechanism with a neat sketch (May 

2018) 

14. Explain in detail about calcium pump and its transport system (May 2018) 

15.  (i) Clearly explain the different classes of ATP powered pumps 

 (ii) Write a note on factors affecting the rate of diffusion (Dec 2018) 

16. Clearly explain the role of ion channels and Na+/K+ ATPpase in conduction of nerve 

impulse (ie action potential)(Dec 2018) 

17. Explain the asymmetric distribution of transporters in intestinal epithelial cells with 

respect to glucose absorption (Dec 2018) 

 

UNIT-4 

1. Explain in detail the various types of extracellular signaling 

2. Describe how the signaling molecules operate over various distances in animals 

3. Explain various types of hormones with cell surface receptors (Dec 2010, Nov 2012, Nov 

2016) 

4. Explain about second messengers (May 2014, Nov 2014, Nov 2017)(May 2018) 



5. Classify cell surface receptors with neat diagram (Dec 2011, May 2014) 

6. Describe how the signaling molecules operate over various distances in animals 

7. Explain in detail the following (May 2011) 

a) GTPase switch proteins 

b) Protein kinases 

c) Adapter proteins 

8. Describe the mechanism action of receptor tyrosine kinase and Ras dependent pathway of 

cell signaling (May 2015, Nov 2015) 

9. Explain the general signal transduction through G protein coupled receptor with an 

example  (Nov 2014, May 2015, Nov 2015, Nov 2016, May 2017) 

10. Describe the general mechanism of signal transduction by steroid hormones (May 2017) 

11. Explain about endocrine signaling with two example (May 2018) 

12. Explain the mechanism of formation of the second messenger inositol triphosphotate 

(IP3) and its role in regulation of intracelular ca2+ levels (Dec 2018) 

13. Describe the basis of G- protein coupled receptor (GPCR) signaling and its importance 

with an example (Dec 2018) 

 

UNIT-5 

 

1 Explain about the working of flow cytometer (Nov 2014, Nov 2015, May 2017) 

2 Give a detailed account on FACS 

3 Explain in detail about SEM (May 2017, Nov 2017) 

4 Explain about sample preparation and processing in scanning electron microscope 

5 Give a detailed account on TEM (Nov 2014, Nov 2015, May 2017) 

6 What are the important components of TEM 

7 What are the important sample preparation techniques in TEM 

8 Explain in detail about confocal microscope (Nov 2014, May 2015, Nov 2017) 

9 Give a detailed account on immunostaining (Nov 2014, Nov 2015, Nov 2016) 

10 Explain in detail about localization of protein 

11 Explain in detail various techniques involved to study the morphology of the cells (May 

2015)  

12 Discuss cell fractionation method and its applications (Nov 2015, Nov 2016) 

13 Explain the principle, instrumentation and application of flow cytometer (May 2018) 

14 Explain the protocol for the localization of cellular proteins (May 2018) 

15 Discuss the principle and application of transmission and scanning electron microscope 

(TEM and SEM) in the ultra-structural analysis of biological specimens. 

(ii) Write note on immunostaining and its application (Dec2018) 

16 Explain the principle and application of fluorescence activated cell sorter (FACS) and 

confocal microscopy (Dec 2018) 
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1. Elucidate the organization of cellular plasma membrane and its function (Dec 2018) 

2. Describe the several types of cytoskeletal proteins and its functions (Dec 2018) 

3. Explain the roles of endoplasmic reticulum, golgi apparatus and cell membrane in sub 

cellular protein trafficking. (Nov 2017) 

4. Explain in detail about extra cellular matrix and its components.(Nov 2016 , May 2017) 

5. Explain the major eukaryotic cell organelles with a neat labeled diagram.(Nov 2015) 

 

UNIT-2 

 

1. Describe in detail about the types and applications of stem cells. (Dec 2020) 

2. Clearly explain the regulatory mechanisms that replicates the genome only once during cell 

cycle. (Dec 2019) 

3. Discuss the role of membrane lipids asymmetry on induction of apoptosis. (Dec 2019) 

4. How DNA replication initiation is regulated only once during cell cycle? (Dec 2018) 

5. Comment on the relationship between phosphatidylserine and apoptosis. (Dec 2018) 

 

UNIT-3 

1. Describe the organization of intestinal epithelial cell glucose transporters and their 

significance. (Dec 2019) 

2. Explain the asymmetric distribution of transporters in intestinal epithelial cells with respect 

to glucose absorption. (Dec 2018) 

3. Clearly explain the role of ion channels and Na+/K+ ATPpase in conduction of nerve 

impulse (ie action potential)(Dec 2018) 

4. 10. Give a detailed note on agonists and antagonists (Nov 2014, Nov 2015,Nov 2016 ) 

5. 11. Explain ion channels and its role in cells (Nov 2015) 

 

UNIT-4 

 

1. Explain the mechanism of formation of the second messenger inositol triphosphotate (IP3) 

and its role in regulation of intracelular ca2+ levels (Dec 2018) 

2. Describe the basis of G- protein coupled receptor (GPCR) signaling and its importance with 

an example (Dec 2018) 

3. Explain the general signal transduction through G protein coupled receptor with an example  

(Nov 2014, May 2015, Nov 2015, Nov 2016, May 2017) 

4. Describe how the signaling molecules operate over various distances in animals. 



5. Describe the mechanism action of receptor tyrosine kinase and Ras dependent pathway of 

cell signaling (May 2015, Nov 2015) 

 

 

UNIT-5 

 

1. Explain in detail about immunostaining and its diagnostic application. (Dec 2020) 

2. Discuss the principle and application of transmission and scanning electron microscope (TEM 

and SEM) in the ultra structural analysis of biological specimens. (Dec 2018) 

3. Discuss cell fractionation method and its applications (Nov 2015,Nov 2016) 

4. Explain about sample preparation and processing in scanning electron microscope 

5. Explain in detail various techniques involved to study the morphology of the cells (May 2015)  
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