
                 Semester-I 

ELECTIVE I 

18CHP105-C       MOLECULAR MODELLING & DRUG DESIGN         4H    4C 

Instruction Hours/week: L:4 T:0 P:0       Marks: Internal:40 External: 60 Total:100  

 

Course Objectives 

1. The students should be acquainted with theoretical and practical knowledge of molecular 

modeling tools and techniques for drug design and discovery. 

2. The knowledge gained molecular modeling software will be useful for commercial projects 

related to drug discovery and developments. 

3. The detailed knowledge and skill is given in the course and the students get acquired the 

same after studying the course. 

 

Course Outcome 

 

1. The students gained the knowledge on the molecular modeling and field effects as a part of 

drug discovery.  

2. Students have understood on the various stages and various targets of drug discovery.  

3. Learned the importance of the pharmacophores in drug discovery.  

4. They have learned the importance of the role of computer aided drug design in drug 

discovery. 

 

UNIT I 

Introduction to Molecular Modelling: 

Introduction-Useful concepts in molecular modelling: Coordinate systems. Potential energy 

surfaces. Molecular graphics. Surfaces. Computer hardware and software.  

The molecular modelling literature. 

 

UNIT II 

Force Fields: 

Fields. Bond stretching. Angle bending. Introduction to nonbonded interactions. Electrostatic 

interactions. Van der Waals Interactions. Hydrogen bonding in molecular mechanics.  Force field 

models for the simulation of liquid water. 

 

UNIT III 

Basics of molecular modelling, methods, steps involved in MM, selection of target and template, 

homology modelling, refinement and validation-SAVES server, the critical assessment of protein 

structure prediction (CASP), superposition of proteins using different tools, RMSD, presentation 

of protein conformations, hydrophobicity factor, shape complementary. 

 

 

 

 

 

UNIT IV 

Pharmacophore 



Historical perspective and viewpoint of pharmacophore, functional groups considered as 

pharmacophores, Ehrlich’s “Magic Bullet”, Fischer’s “Lock and Key”, two-dimensional 

pharmacophores, three-dimensional approach of pharmacophores, criteria for pharmacophore 

model, pharmacophore model generation software tools, molecular alignments, handling 

flexibility, alignment techniques, scoring and optimization, pharmacophores, validation and 

usage, automated pharmacophore generation methods, GRID-based pharmacophore models, 

pharmacophores for hit identification, pharmacophores for human ADME/tox-related proteins. 

 

UNIT V 

Computer aided Chemistry: Structure Prediction and Drug Design: 

Introduction to molecular docking, rigid docking, Flexible docking, manual docking, advantage 

and disadvantage of flex-X, flex-S, AUTODOCK and other docking software, scoring functions, 

simple interaction energies, GB/SA scoring (implicit solvation), CScore (consensus scoring 

algorithms). 

 

 

SUGGESTED READINGS: 

Text Books: 

 

1. Leach, A. R. (2001). Molecular Modelling Principles and Application (II Edition). 

Longman: Prentice Hall. 

2. Haile, J. M. (1997). Molecular Dynamics Simulation Elementary Methods              (I 

Edition). UK: John Wiley and Sons. 

 

Reference Books: 

1. Gupta, S. P. (2008). QSAR and Molecular Modeling (I Edition). Springer- Netherlands: 

Anamaya Publishers.  
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UNIT I 

Introduction to Molecular Modelling: 

Introduction-Useful concepts in molecular modelling: Coordinate systems. 

Potential energy surfaces. Molecular graphics. Surfaces. Computer hardware 

and software. The molecular modelling literature. 
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18CHP105-C       MOLECULAR MODELLING & DRUG DESIGN 

Multiple Choice Questions for Unit I 
S. No Question Option 1 Option 2 Option 3 Option 4 Answer 

 Unit-I     

 

 

1 
Which is considered synonymous with quantum mechanics 
 

Theoretical 

chemistry 

Computational 

chemistry 

Molecular 

mechanics 

   Molecular 

dynamics 

Theoretical 
chemistry 
 

2 

The torsion angle for the staggered conformation of ethane 
is 
 
 

90º 180º 270            360º 180º 
 
 
 

3 

Change in energy of the system can be considered as a 

movement on a   multi dimensional surface is called 

Internal 

energy 

 Minimum 

energy 

. Energy 

surface              

. Kinetic 

energy 
Energy 
surface              

4 

The software used by molecular modeling ranges from 
 
 

Single to 

highly 

complex         

Single to 

medium 

Medium to 

highly 

complex 

Medium to 

highly 
Single to 
highly 
complex         

5 

Some programs in molecular modeling is widely used and 

tested so they are considered as  
Gold 

standard 

Silver 

standard 

International 

standard     

 Molecular 

standard 
Gold 
standard 

6 Molecular modelling implies behaviour of molecules and 

Atoms Molecular 

system 

Ions Rotations Molecular 

system 

7 In molecular modelling CPK model is referred as 

Cartesian 

Pole 

Kinetics 

 Core Push 

Key 

Corey, 

Pauling and 

Kolthun           

Critical 

Pressure 

Kinetics 

Corey, 

Pauling and 

Kolthun           

8 CPK model is also called Remodelling 

  Space 

creating 

model 

Rotating 

model 

   Space 

filling 

model 

   Space 

filling model 

9 The number of torsional terms in benzene is 6 18 24 30 24 



10 The electrostatic interaction is calculated by using 

Coulombs 

law Faraday’s law   

Morse 

potential 

curve Hookes law 

Coulombs 

law 

11 

The Contact surface is the region where the probe is in 

actually contact with the  
 

Vander 
waal’s 
surface of  
the target 

Molecular 
surface 

Water 
molecule 

Accessible 
surface 

Vander 
waal’s 
surface of  
the target 

12 

Encyclopedia for computational chemistry by Schleyer et al 

was released in the year 
 

1990 1998 2002 2010 1998 

13 

Change in energy of the system can be considered as a 

movement on a  multi dimensional surface is called 
 

Internal 

energy            

  

Minimum 

energy 

Energy 

surface              

Kinetic 

energy 

Energy 
surface              

14 Computation Chemistry involves 
 

Not only 
Quantum 
mechanics 

Quantum 
mechanics 

Theoretical 
chemistry 

Computer 
graphics 

Not only 
Quantum 
mechanics 

15 The torsion angle for the staggered conformation of ethane 
is 

90º 180º 

. 

 

270º 360º 180º 

16 In Z- matrix, for each atom it contains Two lines  Four lines

  

       

 

                         

One line Three 

lines 

 

One line 

17 In which dimensional surface, there is a movement of 
change in energy of the system 

Uni-
dimensional 

Bi-
dimensional 

Tri-
dimensional 

Multi-
dimensional 

Multi-
dimensional 

18 In molecular modeling, the first device used is  Vector Scalar Arithmetic Logical Vector 
19 In vector devices, the pictures were constructed by using  Ball and 

stick  
Pen Electron gun Scanning Electron gun 

20 In vector device now been largely superseded by  Scalar 
device 

Raster device Matrix device Arithmetic 
calculation 

Raster 
device 

21 In raster device, the screen is divided into a  large number 
of small dots calls 

Pixels Points Arrays Lines Pixels 

22 In raster device, each pixel can be set to any of a large 
number of  

Points Squares Curves Colours Colours 

23 The inclusion of which effect will give a solid model a Shading Lighting Shading effect Numbering Shading and 



more realistic appearance and lighting 
effect 

effect effect lighting 
effect 

24 Which models have some more advantages when compared 
with mechanical counter parts? 

Ball and 
Sticky  

Computer-
generated  

Graphical Space filling Computer-
generated  

25 A computer screen is inherently One 
dimensional 

Multi 
dimensional 

Two 
dimensional 

Three 
dimensional 

Two 
dimensional 

26 Molecules are  One 
dimensional 

Multi 
dimensional 

Two 
dimensional 

Three 
dimensional 

Three 
dimensional 

27 Three dimensional nature of an object can be represented 
on a computer screen, by using the technique called 

Depth 
cueing 

Laser Computer 
image 

Graphical Depth cueing 

28 Which enables more realistic three dimensional stereo 
images to be viewed 

Specialized 
Software 

Software tools Specialized 
hard ware 

Molecular 
Graphics 

Specialized 
hard ware 

29 Which system in future may enable a scientist to interact 
with computer generated model in the same way as 
mechanical model? 

Virtual 
reality 

Molecular 
Graphics 

Space-filling Molecular 
Modelling 

Virtual 
reality 

30 In depth cueing technique, the parts of the object far away 
from the viewer are made  

More bright Less bright Bright Dark Less bright 

31 In which technique, the distance parts of the object are 
made less bright. 

Depth 
cueing 

Laser Computer 
image 

Graphical Depth cueing 

32 In molecular modeling, clear picture may be achieved by 
omitting which atom 

Hydrogen  Carbon Nitrogen Oxygen Hydrogen 

33 Proteins are polymers constructed from  Amides Acids Amino acids Esters Amino acids 
34 The number of atoms present in  small proteins is in the 

order of  
Lesser Several 

hundreds 
Several 
thousands 

Fewer Several 
thousands 

35 The proteins are represented by using Balls Ribbons Sticks Circles Ribbons 
36 Proteins are commonly represented by cartoon drawing 

developed by 
Richardson Corey Pauling Kolthun Richardson 

37 The arrangement of amino acid in protein for α-helix is 
represented by  

Tubes Flat arrows Squares Cylinders Cylinders 

38 The arrangement of amino acid in protein for β-strand is 
represented by 

Tubes Flat arrows Squares Cylinders Flat arrows 

39 In the arrangement of amino acids in protein, the region 
between α-helix and β-strand is represented by 

Tubes Flat arrows Squares Cylinders Tubes 

40 The interaction between two or more molecules in 
molecular modelling is  

Ionic Covalent Non-
Covalent 

Dipole-
Dipole 

Non-
Covalent 

41 Which is constructed by overlapping Van der waal sphere 
of atoms? 

CPK model Van der waal 
surface 

Space filling 
model 

Molecular 
surface  

Van der waal 
surface 

42 Which program is used for Molecular mechanics? MM2 MOPAC AMPAC MMH2 MM2 
43 For eclipsed conformation, torsion angle is 270º  180º 90º 0º 0º 
44 For Anti conformation, torsion angle is  270º  180º 90º 0º 180º 



45 Z-Matrix of ethane has been defined using the angstrom as 
the unit of length,  one angstrom is equivalent to  

60 pm 80 pm 100 pm 120 pm 100 pm 

46 One kilocalorie is equivalent to  2.092kJ 8.368 kJ 6.276 kJ 4.184 kJ 4.184 kJ 
47 Proteins are  Monomers Dimers Trimers Polymers Polymers 
48 Proteins are polymers constructed from  Aminoacids Aminoketones Aminoesters Alkylamides Aminoacids 
49 The number of atoms present in small protein is 10 100 1000 Several 

thousand 
Several 
thousand 

50 In molecular modeling proteins are represented by using 
which model? 

Dots Ribbon Points Lines Ribbon 

51 Which device were the main stay of molecular modeling 
for almost two decades? 

Vector Scalar Electronic Laser Vector 

52 Vector devices of molecular modeling have now been 
largely superseded by  

Scalar 
devices 

Laser devices Raster 
devices 

Electronic 
devices 

Raster 
devices 

53 Van der waals surface corresponds to  CPK model Ball and stick  
model 

Conceptual 
model 

Computer 
simulation 
model  

CPK model 

54 Some programs have been so widely used and reached the 
status of  

Silver 
standard 

Gold 
standard 

Bronze 
standard 

ISO 
standard 

Gold 
standard 

55 The speed of any computer system is ultimately 
constrained by the speed of transmission of  

Inputs Datas Electric 
signals 

Arrays Electric 
signals 

56 Reviews in computational chemistry is edited by Rouvray Lipkowitz 
and Boyd 

Connolly Richmond Lipkowitz 
and Boyd 

57 Encyclopaedia of computational chemistry is edited by  Schleyer et 
al 

Connolly Richmond Rouvray Schleyer et al 

58 Reviews in computational chemistry is edited in the year 1998 1996 1994 1990 1990 
59 Encyclopedia of computational chemistry is edited in the 

year 
1998 1996 1994 1990 1998 

60 Wide range of topics about computational chemistry is 
present in 

Review Encyclopedia Journal Article Encyclopedia 
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UNIT II 

Force Fields: 

Fields. Bond stretching. Angle bending. Introduction to nonbonded interactions. 

Electrostatic interactions. Van der Waals Interactions. Hydrogen bonding in 

molecular mechanics.  Force field models for the simulation of liquid water. 
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Force Fields: 

Introduction 
        

 
 

 
 

A Simple Molecular Mechanics Force field 
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Some General Features of Molecular Mechanics Force Fields 
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Bond Stretching 
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Angle Bending 
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Torsional Terms 
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Introduction to Nonbonded Interactions 

 
Electrostatic interactions 

 

The Central Multipole Expansion 
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Point-Charge Electrostatic models 
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Van der Waals Interactions 
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Modelling Van der Waals interactions 
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Hydrogen Bonding in Molecular Mechanics 
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Force Field Models for the Simulation of Liquid Water 

 

 

 
Simple Water Models 
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Multiple Choice Questions for Unit II 

 
S. 

No Question Option 1 Option 2 Option 3 Option 4 Answer 

    Unit-II      
1 Force field 

method also 

known as  

 

Molecular 

mechanics 

 Molecular graphics Electronic motion   Molecular energy Molecular 

mechanics 

2 The number of 

difference of 

valence 

angle in 

propane is 

 

12                                         

18 

16 27 18 

3 The number of 

torsional 

terms in 

propane is  

 

6 12 18 27 18 

4 The bond 

stretching and 

angle bending 

terms are often 

regarded as 

Hard degrees of 

freedom 

Simple degrees of 

freedom 

Degrees of freedom

       

 Complex degrees 

of freedom 

Hard degrees of 

freedom 



5 The number of 

torsional terms 

in benzene is 

6  18 24 30 24 

6 The electrostatic 

interaction is 

calculated by 

using 

Coulombs law  Faraday’s law    Morse potential 

curve 

Hookes law . Coulombs law 

7 For a 

distribution of 

charges the 

dipole moment 

is given by 

 

 µ = πqiri   µ = qiri   µ = qiri
2   µ = qi/ri   µ = qiri   

8 The Lennard 

Jones potential 

is characterized 

by an attractive 

part that varies 

as 

r-2 r-4 r-6 r-12 r-6 

9 Molecular 

mechanics will 

not work 

without 

Born-oppenheimer 

approximation         

Coulomb potential Molecular 

geometry 

Lenard Jones 

potential 

Born-

oppenheimer 

approximation         

10 In propane, the 

number of  

H-C-C-H 

torsion is 

 6         12      18 14 12 

11 In propane, the 

number of  

H-C-C-C 

torsion is 

 6         12      18 14 6 

12 The Morse 

potential is 
υ(l)= De1+exp[-a(l-

l0)]}
2 

υ(l)= De1-exp[-

a(l+l0)]}
2 

υ(l)= De1-exp[-

a(l-l0)]}
2 

 υ(l)= De1-exp[-

a(l-l0)]} 

υ(l)= De1-exp[-

a(l-l0)]}
2 



13 The Hookes law 

is given by 

 

v(l)=k(l-l0)
2             v(l)=k/2(l+l0)

2 v(l)=k/2(l-l0)
2 v(l)=k/2(l-l0) v(l)=k/2(l-l0)

2 

14 The Hookes law 

for the deviation 

of angles from 

their reference 

value is given 

by 

 v()=k(-0)
2               

v()=k/2(+0)
2 

v()=k/2(-0)
2               

v()=k/2(-0) 

v()=k/2(-0)
2 

15 The number of 

torsional term in 

benzene is 

6                                       

12 

18 24 24 

16 The torsional 

potential is 

always 

expressed in 

Cosine series Sin series Tan series     Cot series Cosine series 

17 The number of 

bonds present in 

propane is  

3 6 10 12 10 

18 The number of 

C-C bonds 

present in 

propane is 

2 3 4 5 2 

19 The number of 

C-H bonds 

present in 

propane is 

2 4 6 8 8 

20 The C-C bonds 

in propane is  

Unsymmetricaly 

equivalent 
Symmetricaly 

equivalent 

Symmetricaly 

unequivalent 

UnSymmetricaly 

unequivalent 
Symmetricaly 

equivalent 

21 The C-H bond 

of propane falls 

in  

One classes Two classes Three classes Four classes Two classes 

22 The number of 6 10 14 18 18 



different 

valence angle in 

propane is 

23 The number of 

C-C-C angle in 

propane is 

1 2 3 4 1 

24 The number of 

C-C-H angle in 

propane is 

3 4 7 10 10 

25 The number of 

H-C-H angle in 

propane is 

3 4 7 10 7 

26 How many 

nonbonded 

terms are 

present in 

propane? 

9 18 27 36 27 

27 How many 

nonbonded 

terms are 

present in 

propane as H-H 

interactions? 

7 14 21 28 21 

28 How many 

nonbonded 

terms are 

present in 

propane as H-C 

interactions? 

2 6 10 14 6 

29 Force field 

should be 

considered as a  

Single entity Double entity Triple entity Multi entity Single entity 

30 The force field Atomic properties Structural Dipole properties Ionic properties Structural 



used in 

molecular 

modeling are 

primarily 

designed to 

reproduce 

properties properties 

31 The force field 

used in 

molecular 

modeling are 

also used to 

predict other 

properties such 

as  

NMR spectra IR spectra Molecular spectra EPR spectra Molecular 

spectra 

32 Transferability 

of functional 

form and 

parameter is an 

important 

feature of  

Electrostatic field Vanderwaals field Nonbonded field Force field Force field 

33 There is no 

correct form of 

force field in  

Molecular dynamics Molecular 

mechanics 

Molecular energy Surface energy Molecular 

mechanics 

34 Deep analysis of 

which one 

shows that force 

field is 

empirical?  

Molecular dynamics Molecular 

mechanics 

Molecular energy Surface energy Molecular 

mechanics 

35 Input for 

quantum 

mechanical 

calculation it is 

necessary to 

Atomic number Mass number Neutron number Positron number Atomic number 



specify the 

nucleus 

36 Input for 

quantum 

mechanical 

calculation it is 

necessary to 

specify the 

system 

Decay rate Geometry Binding energy amu Geometry 

37 sp3 hybridised 

carbon adopts a 

Trigonal Linear Tetrahedral 

geometry 

Square planar Tetrahedral 

geometry 

38 sp2 hybridised 

carbon adopts a 

Trigonal Linear Tetrahedral 

geometry 

Square planar Trigonal 

39 sp hybridised 

carbon adopts a 

Trigonal Linear Tetrahedral 

geometry 

Square planar Linear 

40 Reference angle 

(0) for 

Tetrahedral 

carbon atom is 

near to 

90º 120º 109.5º 180º 109.5º 

41 Reference angle 

(0) for Trigonal 

carbon atom is 

near to 

90º 120º 109.5º 180º 120º 

42 The carbon 

atom at the 

junction 

between 5 and 

6-membered 

ring is assigned 

different from 

that of carbon 

atom in isolated 

AMBER Force 

field 

Force field Ab initio 

calculation 

MM2 calculation AMBER Force 

field 



ring by  

43 Frequency of 

bond vibration 

() is related to 

the stretching 

constant of the 

bond (k) by 

2=kxµ 2=k/µ 2=k/µ2 2=k2/µ 2=k/µ 

44 Even at absolute 

zero, Real 

molecules 

undergoes  

Vibrational motion  Translational motion Rotational motion Linear motion Vibrational 

motion 

45 A true bond 

stretching 

potential is  

Harmonic Not  harmonic Linear Elliptical Not  harmonic 

46 Real molecules 

has Zero point 

energy due to  

Vibrational motion  Translational motion Rotational motion Linear motion Vibrational 

motion 

47 At absolute 

zero, due to 

vibrational 

motion real 

molecule has 

No Zero point 

energy 

Potential energy Zero point energy Kinetic energy Zero point 

energy 

48 A deviation of 

just 0.2Å from 

the reference 

value l0 with a 

force constant 

of 300kcalmol-1 

Å-2 would cause 

the energy of 

the system to 

Decrease by 

12kcalmol-1 

 Decrease 

exponentially 

Rise by 12kcalmol-

1 

Increase 

exponentially 

Rise by 

12kcalmol-1 

49 The 0 value for 

Csp3-Csp3-Csp3 

117.2 109.47 121.4 122.5 109.47 



is  

50 The 0 value for 

Csp3-Csp3-H is 

117.2 109.47 121.4 122.5 109.47 

51 The 0 value for 

H-Csp3-H is 

117.2 109.47 121.4 122.5 109.47 

52 The 0 value for 

Csp3-Csp2-Csp3 

is 

117.2 109.47 121.4 122.5 117.2 

53 The 0 value for 

Csp3-Csp2=Csp2 

is 

117.2 109.47 121.4 122.5 121.4 

54 The 0 value for 

Csp3-Csp2=O is 

117.2 109.47 121.4 122.5 122.5 

55 Torsional 

potential 

expression is 

given by 

                N 

()=Cncos()n 
               n=0 

                N 

()=Cncos(2)n 
               n=0 

                N 

()=Cncos(/2)n 
               n=0 

                N 

()=Cncos()1/n 
               n=0 

                N 

()=Cncos()n 
               n=0 

56 The number of 

C-C-C-C 

torsional term in 

benzene is 

6 12 18 27 6 

57 The Lennard -

Jones 12-6 

function takes 

the form for the 

interaction 

between two  

atom is given by 

(r)=4ε[(/r)6-

(/r)12] 

(r)=4ε[(/r)12+(/r)6

] 
(r)=4ε[(/r)12-

(/r)6] 

(r)=[(/r)12-

(/r)6] 

(r)=4ε[(/r)12-

(/r)6] 

58 The general 

form of 

Lennard-Jones 

original 

potential is 

k=n/(n+m)(n/m)(m/n-

m) 

k=n/(n-m)(n/m)(m/n-

m) 

k=n/(n-m)(n/m)(m/n) k=n/(m-n)(n/m)(m/n-

m) 

k=n/(n-

m)(n/m)(m/n-m) 



59 The 10-12 

Lennard-Jones 

potential is 

given by 

(r)=A/r12-C/r10 (r)=A/r12+C/r10 (r)=A/r10-C/r12 1/(r)=A/r12-C/r10 (r)=A/r12-C/r10 

60 The GRID 

program that is 

used for finding 

energetically 

favourable 

regions in 

protein  binding 

sites uses a 

direction 

dependent 6-4 

function, which 

is given by 

(HB)=(C/d6+D/d4)co

sm 

(HB)=(C/d6-

D/d4)cosm 

(HB)=(C/d4-

D/d6)cosm 

1/(HB)=(C/d6-

D/d4)cosm 

(HB)=(C/d6-

D/d4)cosm 
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UNIT III 

Basics of molecular modelling, methods, steps involved in MM, selection of target and 

template, homology modelling, refinement and validation-SAVES server, the critical 

assessment of protein structure prediction (CASP), superposition of proteins using 

different tools, RMSD, presentation of protein conformations, hydrophobicity factor, 

shape complementary. 
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Basics of molecular modeling 

Molecular modeling is a powerful tool for drug design and molecular docking 

Molecular modeling has become a valuable and essential tool to medicinal chemists in 

the drug design process. Molecular modeling describes the generation, manipulation or 

representation of three-dimensional structures of molecules and associated physico-chemical 

properties. It involves a range of computerized techniques based on theoretical chemistry 

methods and experimental data to predict molecular and biological properties. Depending on the 

context and the rigor, the subject is often referred to as 'molecular graphics', 'molecular 

visualizations', 'computational chemistry', or 'computational quantum chemistry'. The molecular 

modeling techniques are derived from the concepts of molecular orbitals of Huckel, Mullikan 

and classical mechanical programs' of Westheimer, Wiberg and Boyd. 
What is Modeling and Molecular Modeling? 

Modeling is a tool for doing chemistry. Models are central for understanding of 

chemistry. Molecular modeling allows us to do and teach chemistry better by providing better 

tools for investigating, interpreting, explaining and discovering new phenomena. Like 

experimental chemistry, it is a skill-demanding science and must be learnt by doing and not just 

reading. Molecular modeling is easy to perform with currently available software, but the 

difficulty lies in getting the right model and proper interpretation. 

 

 

Computational chemistry is comprised of a theoretical (or structural) modeling part, known as 

molecular modeling, and a modeling of processes (or experimentations) known as molecular 

simulation. 

Depending upon the level of theory that we observe in a computation, the following 
methods have been identified. 
 

Ab Initio Calculations, Semiempirical Calculations, Modeling the Solid State, Molecular 

Mechanics, Molecular Simulation, Statistical Mechanics, Thermodynamics, Structure-

Property Relationships, Symbolic Calculations, Artificial Intelligence, The Design of a 

Computational Research Program, Visualization 

 

Steps involved in Molecular Modeling (MM). 

1)Topological properties: description of the covalent connectivity of the molecules to be 

modeled 
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2) Structural properties: the starting conformation of the molecule, provided by an X-ray 

structure, NMR data or a theoretical model 

 
3) Energetical properties: a force field describing the force acting on each atom of the 

molecules.  

 
4) Thermodynamical properties: a sampling algorithm that generates the thermodynamical 

ensemble that matchese experimental conditions for the system, e.g. N,V,T , N,P,T, ... 

 
 

 

Selection of target and template 
The initial step in comparative modeling is to assign the likely fold of the target 

sequence. Template identification can be achieved using any one of the many programs that scan 

sequence and structure databases, such as Protein Data Bank (PDB) structural classifcation of  
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proteins (SCOP), distance-matrix alignment (DALI), and Class, Architecture, Topology, and 

Homology (CATH).Template search methods can be categorized into three different classes:  

 

First, pairwise comparison methods, which include the popular programs Basic Local Alignment 

Search Tool (BLAST) and FASTA, align the target sequence with all the sequences in the 

database of known structures. The performance and efficiency of this class of methods has been 

studied extensively.  

Second, sequenceprofile methods, such as position specific iterative (PSI)-BLAST  and  

HMMER(http://hmmer.wustl.edu), rely on profiles derived from multiple sequence alignments 

to increase the sensitivity and accuracy of the template search. The profile enhances the 

sensitivity of the search. Profiles are also utilized by the intermediate sequence search algorithms 

that establish a homology between two remotely related sequences through an intermediary 

sequence.  

 

Third, the so-called threading methods use a combination of sequence and structure 

considerations to detect similarities between sequences and structures.  

 

In these methods, the target sequence is threaded through a library of 3-D profiles or 

folds, and each threading is assessed based on a certain scoring function. Commonly used 

methods and servers in this category include Superfamily  and GenThreader . The threading 

methods are more effective in detecting homology at low sequence similarity than the methods 

relying on sequence information alone. The three different classes of methods are best suited for 

identifying templates in different regimes of the sequence-identity spectrum. The pairwise 

sequence comparison methods are the least sensitive and are best used to detect close homologs. 

The profile-based methods are usually capable of recognizing homologs sharing only approx 

25% sequence identity. Threading methods can sometimes recognize common folds even in the 

absence of any statistically significant sequence similarity. Because most of the fold assignment 

methods involve sequence alignment, some of them are discussed in more detail in the following 

section about sequence-structure alignment. While a correct fold assignment can be used to build 

a useful model, an incorrect fold assignment renders the resulting model useless. Thus, when 

using a fold-recognition method, it is crucial to be aware of the accuracy of the method. In an 

assessment of different fold-recognition methods, the best method detected 75% of the closest 

structures correctly for a set of sequences related at the “family” level in the SCOP database. 

However, at the superfamily and fold levels, the accuracy dropped to 29 and 15%, 

respectively. 

Once a list of all related protein structures is obtained, templates that are appropriate for 

the given modeling problem have to be selected. Usually, a higher overall sequence identity 

between the target and the template sequence yields a better template. Several other factors 

should also be considered in selecting templates. 

 

Constructing a phylogenetic tree for the whole family can frequently help in selecting 
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a template from the subfamily that is closest in structure to the target sequence. 

Databases of structure-based phylogenies, such as the database of Phylogeny and 

Alignment (PALI), are useful in making a distinction between the sequence and structure 

similarity, which can be a key consideration for template identification. 

Accuracy of the template structure is another important factor in template selection. 

The resolution and the R-factor of a crystallographic structure and the number of restraints per 

residue for an NMR structure are indicative of structure accuracy. 

It is also crucial to compare the environment of the template to the required environment 

for the model. The term environment is used in a broad sense and includes all factors that 

determine protein structure, except its sequence (e.g., solvent, pH, ligands, and quaternary 

interactions). For example, if the objective of the model-building exercise is to dock ligands in 

the model, it is usually best to use a template that is itself bound to an identical or similar ligand. 

In general, prior biological information about the target sequence can be valuable in identifying 

an appropriate template.  

Prioritization of the criteria for template selection depends on the purpose of the 

comparative model. For instance, if a protein–ligand model is to be constructed, the choice of the 

template that contains a similar ligand is probably more important than the resolution of the 

template. On the other hand, if a model is to be used to analyze the geometry of the active site of 

an enzyme, it is preferable to use a high-resolution template. 

It is not necessary to select only one template. In fact, the use of several templates 

approximately equidistant from the target sequence generally increases the model accuracy. 

 

Target–Template Alignment 

 After identifying the template(s), the next crucial step in comparative modeling is to 

accurately align the target sequence to the template(s). Although most template-recognition 

methods produce a target–template alignment, there is frequently a need to use a specialized 

alignment method to realign the sequences because the template-identification step is often 

optimized to identify distant relationships, sometimes at the expense of alignment accuracy. The 

sequence-structure alignment is a vital step in the model building process, and an erroneous 

alignment will almost certainly lead to the construction of an incorrect model. 

An alignment between two sequences of residues is usually calculated by optimizing 

an alignment scoring function. The two common ingredients of the scoring function are a gap 

penalty function and a matrix of substitution scores for matching every residue in one sequence 

to every residue in the other sequence. The alignment score is usually a sum of the gap penalties, 

which depend linearly on the gap lengths, and the pairwise substitution scores, which depend on 

the matched residue types. The original and still widely used optimization method for sequence 

alignment is based on dynamic programming. Since its inception, the scoring function and its 

optimization by dynamic programming have been improved for alignment accuracy and 

speed, and applied to a variety of alignment problems. 

In the next few paragraphs, we examine different methods to obtain substitution score 

matrices and gap penalties that optimize the accuracy of the output alignments. 
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We examine the use of information from related multiple sequences and structures to 

enhance alignment accuracy and coverage, especially when target–template sequence 

identity decreases below 30%. 

 

 

Homology Modelling 
Homology modeling, also known as comparative modeling of protein is the technique 

which allows to construct an unknown atomic-resolution model of the "target" protein 

from: 

1. its amino acid sequence and 

2. an experimental 3Dstructure of a related homologous protein (the "template"). 

Homology modeling relies on the identification of one or more known protein structures likely to 

resemble the structure of the query sequence, and on the production of an alignment that maps 

residues in the query sequence to residues in the template sequence. It has been shown that 

protein structures are more conserved than protein sequences amongst homologues, but 

sequences falling below a 20% sequence identity can have very different structure. 

Evolutionarily related proteins have similar sequences and naturally occurring homologous 

proteins have similar protein structure. It has been shown that threedimensional protein structure 

is evolutionarily more conserved than expected due to sequence conservation. 

The sequence alignment and template structure are then used to produce a structural model of the 

target. Because protein structures are more conserved than DNA sequences, detectable levels of 

sequence similarity usually imply significant structural similarity. 
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Example 
We will construct a 3D-structural model of the Human (Homo sapiens) variant of the 

Rhodopsin which has not been experimentally resolved, yet. Rhodopsin, also known as visual 

purple, is a biological pigment of the retina that is responsible for both the formation of the 

photoreceptor cells and the first events in the perception of light. Rhodopsins belong to the G-

protein coupled receptor family and are extremely sensitive to light, enabling vision in low-light 

conditions. Exposed to light, the pigment immediately photobleaches, and it takes about 30 

minutes to regenerate fully in humans.  

Structurally, rhodopsin consists of the protein moiety opsin and a reversibly covalently 

bound cofactor, retinal. Opsin, a bundle of seven transmembrane helices connected to each other 

by protein loops, binds retinal (a photoreactive chromophore), which is located in a central 

pocket on the seventh helix at a lysine residue. Retinal lies horizontally with relation to the 

membrane. Each outer segment disc contains thousands of visual pigment molecules. About half 

the opsin is within the lipid bilayer. Retinal is produced in the retina from Vitamin A, from 
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dietary betacarotene. Isomerization of 11-cis-retinal into all-trans-retinal by light induces a 

conformational change (bleaching) in opsin continuing with metarhodopsin II, which activates 

the associated G protein transducin and triggers a second messenger cascade. 

 
 

1 - Getting the sequence 

The first step in our procedure is to get the sequence of aminoacids for the human 

rhodopsin. 

We use the famous UniProt database (UNIversal PROTein) reachable at the website: 

http://www.uniprot.org/ 

Insert in the “Query” field the string: Human rhodopsin 

The field “Search in” can be left at the default: Protein Knowledgebase 

Insert in the “Query” field the string: Human rhodopsin 

The field “Search in” can be left at the default: Protein Knowledgebase (UniProtKB) 

which identify the database to employ for the research. 

The server will produce several output which has some relation with the content requested. 

However, only one entry (P08100) is the one we are interested in. 
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It is always a good idea to read as more much information as possible from the 

database details about the file selected. 

 
Click on the link of the selected entry and download the corresponding file in the 

fasta format (using the last yellow button at the right top of the page) which is one of 

the most common format used by the scientific community for protein sequences. 

If you open the file with an editor: edit 

P08100.fasta we should see this text: 

>sp|P08100|OPSD_HUMAN Rhodopsin OS=Homo sapiens GN=RHO PE=1 SV=1 

MNGTEGPNFYVPFSNATGVVRSPFEYPQYYLAEPWQFSMLAAYMFLLIVLGFPINFLTL

YVTVQHKKLRTPLNYILLNLAVADLFMVLGGFTSTLYTSLHGYFVFGPTGCNLEGFFAT

LGGEIALWSLVVLAIERYVVVCKPMSNFRFGENHAIMGVAFTWVMALACAAPPLAGW

SRYIPEGLQCSCGIDYYTLKPEVNNESFVIYMFVVHFTIPMIIIFFCYGQLVFTVKEAAAQ

QQESATTQKAEKEVTRMVIIMVIAFLICWVPYASVAFYIFTHQGSNFGPIFMTIPAFFAKS

AAIYNPVIYIMMNKQFRNCMLTTICCGKNPLGDDEASATVSKTETSQVAPA 

 

The first line after the symbol “>” is a comment which specify relevant information about the 

sequence. The rest of the lines are the aminoacidic sequence in the single letter code: 

• G - Glycine (Gly) 

• P - Proline (Pro) 

• A - Alanine (Ala) 

• V - Valine (Val) 

• L - Leucine (Leu) 

• I - Isoleucine (Ile) 
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• M - Methionine (Met) 

• C - Cysteine (Cys) 

• F - Phenylalanine (Phe) 

• Y - Tyrosine (Tyr) 

• W - Tryptophan (Trp) 

• H - Histidine (His) 

• K - Lysine (Lys) 

• R - Arginine (Arg) 

• Q - Glutamine (Gln) 

• N - Asparagine (Asn) 

• E - Glutamic Acid (Glu) 

• D - Aspartic Acid (Asp) 

• S - Serine (Ser) 

• T - Threonine (Thr) 

 
2 – Template selection 

 

The second step is to find a protein whose 3D-structure is known and that is as most 

similar as possible to our target regarding their aminoacid sequence: the procedure is called 

sequence alignment. 

One of the most widely used algorithms for comparing primary biological sequences, 

such as aminoacid sequences, is BLAST (Basic Local Alignment Search Tool). A BLAST search 

enables a researcher to compare a query sequence with a library or database of sequences, and 

identify library sequences that resemble the query sequence above a certain threshold. 

We can do a BLAST search online by exploiting the webserver: 

http://blast.ncbi.nlm.nih.gov/Blast.cgi 

In particular click on the “protein blast” link to restrict the search on the protein database: 
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- Upload your fasta file or copy and paste its content in the wide field at the top of the page. 

- Choose the “Protein Data Bank proteins(pdb)” as database since it is the largest protein 

database which contains only experimentally resolved structures (in contrast to published 

models). 

- Press the BLAST button to start the search. 

After some seconds the server will output the result as a list of 3D protein structures ordered 

according to their “sequence identity percentage” with the target sequence. In particular, the 

sequence similarity of each line is summarized by the E value (Expected value): closer to zero 

higher level of sequence similarity. 

The quality of the homology model is dependent on the quality of the sequence alignment 

and template structure. The approach can be complicated by the presence of alignment gaps 

(commonly called indels) that indicate a structural region present in the target but not in the 

template, and by structure gaps in the template that arise from poor resolution in the 

experimental procedure (usually X-ray crystallography) used to solve the structure. Model 

quality declines with decreasing sequence identity; a typical model has ~1–2 Å root mean square 

deviation between the matched Cα atoms at 70% sequence identity but only 2–4 Å agreement at 

25% sequence identity. 

However, the errors are significantly higher in the loop regions, where the amino acid 

sequences of the target and template proteins may be completely different. As a rule of thumb we 

should never use template with an E value larger than 1. 

In our case all the first founded structures have a sequence identity of 93% and an E 
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value practically equal to zero, so anyone is a possible good candidate. However, since this step 

is crucial, several checks are mandatory before selecting the structure to be used as the template 

for the homology modeling: 

Is an X-ray crystallography structure (NMR structure are usually much less resolved)? 

• All the atoms are resolved in the selected structure? 

• Is the chosen structure the best resolved one (typical good resolution is smaller than 2Å for 

membrane protein as rhodopsin and 1Å for the other proteins) among the structures with the 

same E value? 

• … 

This implies a careful inspection of each candidate structure with a visualization program as 

VMD. 

Note that inside the webpage associated to any BLAST result entry you can ask for the 

list of all the structures corresponding to the same sequence. This way for each structure you can 

identify the best resolved one, etc. To do so, click on the link “Identical Proteins”. However, 

with this procedure also results from other databases are reported. Therefore, you should take 

into account only the experimentally resolved 3D structures as opposed to models. 

Moreover, you should always read the articles associated to the structures (retrievable 

from the database) to understand all the conditions and the limitations related with them. 

Finally, we suggest also to try another search tool for cross-checking. A suggestion could be the 

HHsearch server: http://toolkit.tuebingen.mpg.de/hhpred 

When the template structure is identified, download the corresponding pdb file in your folder or 

through the BLAST website or searching it on the PDB website. 

 
3 – Sequence alignment 

To create the model (with the procedure in the next chapter) we need a sequence 

alignment file (.aln file) between our target and the selected template sequence. To this aim, we 

will use another online server, the multiple sequence alignment ClustalW2: 

http://www.ebi.ac.uk/Tools/msa/clustalw2/  

which needs the two sequences in the fasta format: the sequence for the selected template can be 

obtained directly from the BLAST webpage or from the PDB website. 

Insert the two sequences one after the other in the top box and click on the “Submit” 

button: all the default settings usually fulfill the needs of the most queries. You can also upload 

the sequences as text files. 

http://www.ebi.ac.uk/Tools/msa/clustalw2/
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The result page will provide the sequence alignment. 

When viewing your results, these are the consensus symbols used by ClustalW2: 

a. "*" means that the residues (or nucleotides in case of DNA sequence alignment) in that 

column are identical in all sequences in the alignment. 

b. ":" means that conserved substitutions have been observed (different aminoacids in the 

sequences’ position but belonging to the same type). 

c. "." means that semi-conserved substitutions are observed (different aminoacids in the 

sequences’ position which are somewhat similar). 

If you would like to see your results in color, push the button that displays “Show Colors”. Click 

Hide Colors to get rid of color. A table for the color code is shown 

below. 

Residue Color Property 

AVFPMILW RED Small (small+ hydrophobic 

(incl.aromatic -Y)) 

 

DE BLUE Acidic 

 

RK MAGENTA Basic - H 

 

STYHCNGQ GREEN Hydroxyl + sulfhydryl + 
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amine + G 

 

Others Grey Unusual amino/imino acids 

etc 

 

 
From this webpage you can also download the Alignment File (.aln file) needed for the 
next step. 
 

 
4 – Building the model 

Next step is to build the 3D structure of our target. To this aim we will use the SWISSMODEL 

website: http://swissmodel.expasy.org/ 

On the main page select the “Alignment Mode” link: 
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Insert your email address and a project title on the appropriate boxes. 

• Choose the “ClustalW” format. 

• Copy and paste or upload the .aln file from the ClustalW2 website. 

• Submit the query 

The server will analyze the file and will prompt you with the name of the two sequences and the 

request to insert the PDB code and the chain of the template one (PDB code:1U19; chain: A). 

Then, the server will show up the sequence alignment for further checking. If you press the 

“Submit alignment” button an email will send to your address with the instructions to access to 

the .pdb file of the final model. 

 

SWISS-MODEL use a simple mapping of the coordinates of the template to create the model 

and very basic algorithms to define the positions of the atoms not present in the template 

structure. This means that the model should be refined with standard molecular dynamics 

techniques (inspection of the protonation states, energy minimization, water solvation and 

equilibration, etc) if we want to use the structure for dynamical studies. 

The result webpage of SWISS-MODEL will provide several information to evaluate the model 

obtained: 
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SWISS-MODEL server has an automated procedure to get a model of a particular 

sequence. This procedure is effective in the case of high level of similarity (as in our case) 

between template and target but it can be not satisfactory otherwise. As a rule of thumb, 

automated sequence alignments are sufficiently reliable when target and template share more 

than 50% percent of sequence identity. This submission requires only the aminoacid sequence or 

the UniProt accession code of the target protein as input data. The pipeline will automatically 
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select suitable templates based on a BLAST E-value limit (which can be adjusted upon 

submission), experimental quality, bound substrate molecules, or different conformational states 

of the template. 

 

Go to the initial webpage and select “Automated Mode”. 

Insert the sequence of the human rhodopsin in fasta format and submit the request. 

Compare the model obtained with the one got previously with “Alignment Mode”. 

3. Other online servers allow building models with some automated procedure. 

One of this webserver is HHpred: 

http://toolkit.tuebingen.mpg.de/hhpred 

Use this website to get another structural prediction of the human rhodopsin and compare it with 

the model obtain with the manual procedure and the automated one in SWISS-MODEL. 

5 – Model evaluation 

Evaluation of model quality is a foundamental step in homology modeling. While the 

performance of the alignment and automated SWISS-MODEL pipeline has been evaluated 

extensively and updates are benchmarked carefully, the quality of individual models can vary 

significantly. 

Therefore, SWISS-MODEL result webpage provides several tests to this aim. Graphical 

plots of 

• Anolea mean force potential 

• GROMOS empirical force field energy 

• QMEAN 

are provided to enable you to estimate the local quality of the predicted structure. In order to be 

able to rank alternative models of the same target protein, pseudo energies for the entire model as 

calculated by QMEAN and DFIRE are provided as well. 

 

To facilitate the description of template and model structures, DSSP and Promotif 

can be invoked from the webpage to classify structural features. 

Other tools available are Whatcheck and Procheck to analyze the stereo-chemistry of 

protein models and template structures. 

Refer to SWISS-MODEL website (clicking on the red question marks on the result 

webpage) for a short description of each method and instructions about how to read them. 

Moreover, a direct inspection with VMD is always of great worth. Inside VMD other 

basic checks can be employed, such as an analysis of the Ramachandran plot. 

Finally, we suggest to use another online webserver, MolProbity, to have a summary statistics of 

your model: 

http://molprobity.biochem.duke.edu/ 

http://molprobity.biochem.duke.edu/
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Just upload the .pdb file of the model in the main page of the server and run the 

evaluation. 

Options available while running MolProbity are context-sensitive. Before loading a 

coordinate file, you had two panes: 

"File Upload/Retrieval" 

MolProbity information 

after loading the .pdb file of the model, you also have 

• a "Suggested Tools" pane to work on the indicated coordinate file 

• a "Recently Generated Results" pane to manage the files in your work area above the original 

two. 

The tools available in the "Suggested Tools" pane are also context sensitive 

 
One could edit the .pdb file, if for instance, there were multiple identical chains in the 

asymmetric unit uploaded and you wanted to focus on just one. 
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Since the model obtained from the tutorial procedure has not the hydrogen atoms, we 

can use the “Add hydrogens” tool to do that: 

• Choose the "Add hydrogens" function, and accept the defaults on the next dialog-page 

• Click on "Start adding H >", to run the Reduce program allowing it to test Asn/Gln/His flips. 

• All suggested flips are for Asn and Gln residues and seem like clear winnners 

from the scores (Flip vs Flip-orig column). 

• If you want to inspect the suggested flips choose "View in KiNG" for the ModelFH-flipnq.kin 

file. The KiNG "Views" pull down menu has an entry for each Asn and Gln, with * marking 

those flipped by Reduce; look at each * view. 

Rotate the viewpoint to see the H-bond partner(s), and use the "a" key or the Animate arrows to 

compare the two flip states (Side chain is colored green in the preferred state). 

• Close the KiNG window (button at bottom of page). You now have the choice of 

rejecting a flip if you don't agree with it. 

• Click the "Regenerate H,..." button, which moves you on to a flip-report page. 

Note the information presented on this report and then "Continue >" to the MolProbity main 

page. 

The Suggested Tools pane now includes the "Analyze all-atom contacts and geometry" tool as 

you are now working on a coordinate file with hydrogens. Select this tool, and then "Run..." with 

the default settings. Then, you will be redirected to the “Analyzed all-atom contacts and 

geometry for ModelFH.pdb” where you can see the summary statistics or choose to view any of 

the requested model quality assessments. 

 
The summary statistics will give you a simple-to-read evaluation set of parameters to 

judge the quality of the model. 
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Validation 

SAVES is a server for analyzing protein structures for validity and assessing how correct 

they use the following 5 programs: PROCHECK, WHAT_CHECK, ERRAT, VERIFY_3D, and 

PROVE. 

Procheck 

Through PROCHECK  the stereochemical quality of a protein structure can be known. 

The aim of this program is to know that how normal, or how unusual, the geometry of the 

residues in a given protein structure is, as compared with stereochemical parameters derived 

from well-refined, high-resolution structures. 

 

 

Errat 

It is a method based on characteristic atomic interaction, use for differentiating between 

correctly and incorrectly determined regions of protein structures. There are different types of 

atoms distributed nonrandomly with respect to each other in proteins because of energetic 

and geometric effects. There will be more randomized distributions of the different atom types if 

there are errors in model building, which can be distinguished from correct distributions by 

statistical methods. This method identifies regions of error in protein crystal structures by 

examining the statistics of pairwise atomic interactions. This method provides a useful tool for 

model-building and structure verification. 

Verify 3D 

To test the correctness of a 3D protein model it is necessary to check the compatibility of the 

model to its own amino acid sequence which is measured by a 3D profile. To check the 

compatibility of the sequence with the model 3D profile score S is calculated which is the sum of 

3D- 1D scores of overall residue positions for the amino acid sequence of the protein. A graph is 

plotted for the compatibility of segments of the sequence with their 3D structures, having 

sequence number on the x-axis and the average 3D-1D score in a window of 21 windows on the 

y-axis. The 3D profile score S for amino acid sequence of the model is high for correct 3D 

protein models. 

Model refinement 

ProSA: The ProSA program (Protein Structure Analysis) tool has a large user base and is used in 

the refinement and validation of experimental protein structures, structure prediction and 

modeling. This program exploits the advantages of interactive web-based applications for the 

display of scores and energy plots that highlight potential problems spotted in protein structures. 

The ProSA-web service returns results instantaneously, i.e. the response time is in the order of 

seconds, even for large molecules. 

ModLoop: ModLoop is a web server for automated modeling of loops in protein structures. The 

user has to provide the atomic coordinates of the protein structure in the Protein Data Bank 

format, and also the specification of the starting and ending residues of one or more segments to 

be modeled, containing not more than 20 residues in total. The result is the coordinates of the 



KARPAGAM ACADEMY OF HIGHER EDUCATION 

 

Class: I- M.Sc (Chemistry)                      Course Name: Molecular Modelling and Drug Design 

 
Course Code: 18CHP105-C                       Unit: III                                                              Batch: 2018 -2020 

 

 

 

Prepared by Dr. E. Karthikeyan, Asst. Prof., Department of Chemistry, KAHE            Page 
22/53 
 

non-hydrogen atoms in the modeled segments. A user provides the input to the server via a 

simple web interface, and receives the output by e-mail. The server relies on the loop modeling 

routine in MODELLER that predicts the loop conformations by satisfaction of spatial restraints, 

without relying on a database of known protein structures. 

 

Critical Assessment of protein Structure Prediction, or CASP,  

It is a community-wide, worldwide experiment for protein structure prediction taking 

place every two years since 1994. CASP provides research groups with an opportunity to 

objectively test their structure prediction methods and delivers an independent assessment of the 

state of the art in protein structure modeling to the research community and software users. Even 

though the primary goal of CASP is to help advance the methods of identifying protein three-

dimensional structure from its amino acid sequence, many view the experiment more as a “world 

championship” in this field of science. More than 100 research groups from all over the world 

participate in CASP on a regular basis and it is not uncommon for entire groups to suspend their 

other research for months while they focus on getting their servers ready for the experiment and 

on performing the detailed predictions. 

Selection of target proteins 

In order to ensure that no predictor can have prior information about a protein's structure 

that would put him/her at an advantage, it is important that the experiment be conducted in a 

double-blind fashion: Neither predictors nor the organizers and assessors know the structures of 

the target proteins at the time when predictions are made. Targets for structure prediction are 

either structures soon-to-be solved by X-ray crystallography or NMR spectroscopy, or structures 

that have just been solved (mainly by one of the structural genomics centers) and are kept on 

hold by the Protein Data Bank. If the given sequence is found to be related by common descent 

to a protein sequence of known structure (called a template), comparative protein modeling may 

be used to predict the tertiary structure. Templates can be found using sequence 

alignmentmethods (e.g. BLAST or HHsearch) or protein threading methods, which are better in 

finding distantly related templates. Otherwise, de novo protein structure prediction must be 

applied (e.g. Rosetta), which is much less reliable but can sometimes yield models with the 

correct fold (usually, for proteins less than 100-150 amino acids). Truly new folds are becoming 

quite rare among the targets, making that category smaller than desirable. 

 

https://en.wikipedia.org/wiki/Protein_structure_prediction
https://en.wikipedia.org/wiki/Protein
https://en.wikipedia.org/wiki/X-ray_crystallography
https://en.wikipedia.org/wiki/Protein_Structure_Initiative
https://en.wikipedia.org/wiki/Protein_Data_Bank
https://en.wikipedia.org/wiki/Homology_modeling
https://en.wikipedia.org/wiki/Tertiary_structure
https://en.wikipedia.org/wiki/Sequence_alignment
https://en.wikipedia.org/wiki/Sequence_alignment
https://en.wikipedia.org/wiki/BLAST
https://en.wikipedia.org/wiki/HHpred_/_HHsearch
https://en.wikipedia.org/wiki/Protein_threading
https://en.wikipedia.org/wiki/De_novo_protein_structure_prediction
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Cumulative plot of α-carbon accuracy, of all predicted models for target T0398 in CASP8, with 

the two best models labeled 

The primary method of evaluation is a comparison of the predicted model α-carbon positions 

with those in the target structure. The comparison is shown visually by cumulative plots of 

distances between pairs of equivalents α-carbon in the alignment of the model and the structure, 

such as shown in the figure (a perfect model would stay at zero all the way across), and is 

assigned a numerical score GDT-TS (Global Distance Test — Total Score) describing 

percentage of well-modeled residues in the model with respect to the target. Free modeling 

(template-free, or de novo) is also evaluated visually by the assessors, since the numerical scores 

do not work as well for finding loose resemblances in the most difficult cases. High-accuracy 

template-based predictions were evaluated in CASP7 by whether they worked for molecular-

replacement phasing of the target crystal structure with successes followed up later, and by full-

model (not just α-carbon) model quality and full-model match to the target in CASP8. 

Evaluation of the results is carried out in the following prediction categories: 

 tertiary structure prediction (all CASPs) 

 secondary structure prediction (dropped after CASP5) 

 prediction of structure complexes (CASP2 only; a separate experiment — CAPRI — carries 

on this subject) 

 residue-residue contact prediction (starting CASP4) 

 disordered regions prediction (starting CASP5) 

 domain boundary prediction (CASP6–CASP8) 

 function prediction (starting CASP6) 

 model quality assessment (starting CASP7) 

 model refinement (starting CASP7) 

 high-accuracy template-based prediction (starting CASP7) 

Tertiary structure prediction category was further subdivided into 

https://en.wikipedia.org/wiki/Alpha_carbon
https://en.wikipedia.org/wiki/Alpha_carbon
https://en.wikipedia.org/wiki/Alpha_carbon
https://en.wikipedia.org/wiki/Global_distance_test
https://en.wikipedia.org/wiki/Alpha_carbon
https://en.wikipedia.org/wiki/Tertiary_structure
https://en.wikipedia.org/wiki/Protein_structure_prediction#Secondary_structure
https://en.wikipedia.org/wiki/Protein_complex
https://en.wikipedia.org/wiki/Critical_Assessment_of_Prediction_of_Interactions
https://en.wikipedia.org/wiki/Protein_domain
https://en.wikipedia.org/wiki/Function_(biology)
https://en.wikipedia.org/wiki/File:CASP_PredCtr_cumCalpha_plot_T0398.png
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 homology modeling 

 fold recognition (also called protein threading; Note, this is incorrect as threading is a 

method) 

 de novo structure prediction, now referred to as 'New Fold' as many methods apply 

evaluation, or scoring, functions that are biased by knowledge of native protein structures, 

such as an artificial neural network. 

Starting with CASP7, categories have been redefined to reflect developments in methods. The 

'Template based modeling' category includes all former comparative modeling, homologous fold 

based models and some analogous fold based models. The 'template free modeling (FM)' 

category includes models of proteins with previously unseen folds and hard analogous fold based 

models. Due limited number of template free targets (they are quite rare) in 2011 so called CASP 

ROLL was introduced. This continuous (rolling) CASP experiment aims at more rigorous 

evaluation of template free prediction methods through assessment of a larger number of targets 

outside of the regular CASP prediction season. Unlike LiveBench and EVA, this experiment is in 

the blind-prediction spirit of CASP, i.e. all the predictions are made on yet unknown structures.  

The CASP results are published in special supplement issues of the scientific journal Proteins, 

all of which are accessible through the CASP website. A lead article in each of these 

supplements describes specifics of the experiment while a closing article evaluates progress in 

the field.  

Superposition of proteins using different tools 

Superposition (fitting) of protein structures 

For models within structural ensembles, in order to reflect internal motions of proteins, it 

is necessary to have more or less the same orientation in space. This is most often achieved by 

fitting the models on each other or on a given model. 

1. Least square fit 

The superposition of two sets of identical atomic positions can be formulated in a mathematical way as 

the problem to minimize the RMSD or the weighted RMSD between them. In this case, for two sets of 

centered atomic positions ri and r’i such a rotation matrix R is needed, that minimizes RMSD: 

 

Any operation that results in an appropriate R is generally called as least square fit.  

https://en.wikipedia.org/wiki/Homology_modeling
https://en.wikipedia.org/wiki/Protein_threading
https://en.wikipedia.org/wiki/LiveBench
https://en.wikipedia.org/wiki/EVA_(benchmark)
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In the following, the not weighted RMSD minimization is discussed. 

2. Kabsch algorithm 

One of the many and one of the earliest algorithms for achieving a mathematically exact solution 

for minimum RMSD is described by Wolfgang Kabsch in 1976.  

Two sets of centered atomic positions is given: ri and r’i. If the points are not centered, it is 

important before the operation to translate them in a way that their average coincides with the 

origin.  

In the following, the 3x3 rotation matrix R is needed that rotates the points of r’i into ri.  

As the first step, Nx3 matrixes P and Q are produced, that contain the coordinates of ri and r’i as 

row vectors, respectively. 

 

Then, cross-covariance matrix A is calculated as 𝐀 = 𝐏T 𝐐 

The rotation matrix is given as 

𝐑=(𝐀T𝐀)1/2𝐀−1 

However, A is not guaranteed to have an inverse. To account for all special cases, singular value 

decomposition (SVD) of matrix A is carried out. 

𝐀=𝐕𝐒𝐖T 

This way, the rotation matrix R is given as 

 

Where  =sign(det (𝐖𝐕T)) 

3. Implementations of least square fit 
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Fitting two or more protein models on each other, needless to say, requires an exact 

definition of the subset of atoms used for the fitting.  

In a structural ensemble, the models may be fitted to any of the models (e.g. the first 

one), or to the mean structure. The difference is significant, since least square fit guarantees 

minimal RMSD only if it is calculated the same way as the fitting has been carried out. That is, 

pairwise RMSD, for example, is not guaranteed to be minimal if all the models are fit to the first 

model. Similarly, if all the models are fit to the first model, the RMSD relative to the mean 

structure is not guaranteed to be minimal.  

In some cases, a rotation matrix R for minimizing weighted RMSD is searched for. The 

above described version of the Kabsch algorithm is not capable of yielding such rotation matrix. 

Instead, one should implement the algorithm described by McLachlan in 1979.  

 

4. Iterative fitting 

The mean structure of a protein ensemble clearly changes after fitting the ensemble. This 

also modifies the overall RMSD relative to the mean structure. To guarantee minimal RMSD, the 

fitting to the mean structure is carried out in an iterative way, and the mean structure is 

recalculated in each step of the iteration.  

In some other cases, it is necessary to decide which regions of the proteins should be 

considered in fitting. Flexible regions for example would spoil the purpose of fitting and impede 

obtaining a low RMSD value. To avoid such ambiguity, local RMSD may be calculated after 

fitting, and after deciding, which residues have too high RMSD, the may be left out from the 

following step of the iterative fitting. Such automatic mechanism is not implemented in 

PDBFitter, since decision about rather flexible than static region requires thorough consideration. 

 

How other programs do it  

(i) Chimera  

Chimera in general has a fancy graphical user interface, and is capable of performing a 

large scale of operations, both from command line and on the graphical surface. However, it is 

often not very customizable, and does not have the advantage of easily modifying the code to 

obtain a special value.  

(ii) Model-model RMSD  
Chimera easily yields the same fit pairwise model-model table as described in 1.1., 

algorithm 4. (Tools, Structure Comparison, Ensemble Match.) It also interactively rotates the 

models onto each other. Furthermore, it can draw an RMSD map, under the option MD movie. 

3.1.2. Local RMSD  
Chimera can calculate local RMSD for backbone, Ca and all atoms under Tools, 

Sequence, and then Structure, Associations, where all the structures have to be associated to the 

same sequence, and then Headers. The local RMSDs are calculated in a pairwise manner, and 

yield the same result as in Chapter 1.2, algorithm 1. Note that Chimera includes into the 

backbone the following atoms: N, C, CA, O.  

3.1.3. Fitting  
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Chimera has a sophisticated fitting tool, which is capable of performing sequence and 3D 

structure alignment. If identical sequences are superimposed, it is also possible to use an iterative 

method, in which atom pairs with a distance above a given threshold can be dropped. The fitting 

tool is available under Tools, Structure Comparison, MatchMaker.  

The result of the non-iterative fitting can exactly be reproduced through the Kabsch algorithm 

that was implemented in PDBFitter. 

3.2. MOLMOL  
The MOLMOL 2.6 was released in 1998. It has a primitive graphical interface and is 

capable a number of operations and calculations on proteins. However, usage and algorithms are 

not well documented. Exact calculations sometimes can only be traced by looking at the source 

code, which, in the present report, is not discussed.  

3.2.1. Model-model RMSD  

MOLMOL yields the same model-model tables as described in Chapter 1.1., algorithms 

1., 3., and 4., for backbone atoms, heavy atoms and the heavy atoms of the sidechains. The 

values can be reproduced exactly. It has to be noted that for MOLMOL the backbone consists of 

C, N and CA only. Also, it gives the variance, where PDBFitter the square of the variance. 

3.2.2. Local RMSDs  
MOLMOL computes the local RMSDs as the average of 3 consecutive RMSDs. The 

exact values cannot be reproduced, for it is unclear what algorithms the program uses. However, 

the tendencies are the same. Also, pairwise and relative-to-mean RMSDs can be calculated, 

which show the same relation as described in Chapter 1.2. MOLMOL also computes two other 

sets of data, which are called global and local displacements. It is unclear what these values 

represent.  

3.2.3. Fitting  

The results of least square fit in MOLMOL are the same as in other programs. The fit 

ensembles can exactly be reproduced with PDB Fitter. 

Root mean square deviation (RMSD) 
 

 The root mean square deviation is usually used to compare two or more protein 

structures and quantify their deviation. 
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 is the square distance between two identical atomic positions. 

 

 Naturally, ri and r’i may refer to a subset of the entire molecule, such as Cα atoms, backbone 

atoms or heavy atoms. Final RMSD value depends on the exact definition of the atom set ri.  

It is possible to define the weighted RMSD, in which the atomic distances are multiplied 

by the weights (e.g. atomic masses) wi. 

 
Structural ensembles of proteins usually contain more than two models of the same 

molecule. For such ensembles, RMSD can be calculated in three ways. Overall RMSD is usually 

given as the average and the variance of the single model-model RMSDs. (In the following 

formulae, assume that the ensemble consist of N models, and the RMSD between models k and l 

is denoted with RMSDk,l.) 

 
1. RMSD can be calculated in a pairwise manner, and be given as an N N matrix. Such matrix 

contains as many independent values as the number of elements in the triangular matrix 

(diagonal not considered, since the RMSD of each model to itself is 0), which is N(N-1)/2. The 

overall average RMSD is therefore  

 
 

 

 
2. RMSD can be given for each model relative to any chosen model, for example the first one. In 

this case  
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3. RMSD of each model can be calculated relative to the mean structure. It has to be kept in 

mind, that the mean structure no always represents a chemically realistic structure, especially if 

the ensemble is composed of more than one significantly different conformation. Let the atomic 

coordinates of the mean structure be 𝐫̅𝒊 and the ri atomic coordinate in model k be rik. In this 

case the mean structure is  

 

 
and the overall average RMSD is given by  

 
 

assuming that RMSDk,mean is the RMSD between model k and the mean structure. 
 

 
4. Finally, model-model RMSD can be calculated in a similar way as in method 1., but 

comparison of any two models is preceded by fitting of the same two models on each other. This 

results in a necessarily lower-or-equal average RMSD than that of method 1., since the pairwise 

RMSDs are minimized in each step.   

It is of utmost importance to clearly define how the RMSD was calculated, i.e. based on 

which subset of the atomic positions (backbone, heavy atoms, etc.) and relative to which 

structure (pairwise manner, to the mean structure or to a given model). The reason for this is that 

fitting algorithms guarantee minimal RMSD only if the same subset and algorithms are used for 

both fitting and RMSD calculation. 

Local RMSD 
Internal motion of a specific region within the protein can be quantified with the local RMSD. 

Local RMSD is often calculated for a single atom or a group of atoms, e.g. a single residue.  
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Similarly, it has to be accurately defined, which atoms of the residue are used for local RMSD 

calculation.  

The RMSD of a single atom (e.g. the Cα of a given residue) can be calculated in two different 

ways.  

1. In a pairwise manner, i.e. square distances are computed between all the possible pairs of 

identical atoms in different models. This also results in N(N-1)/2 distances, that have to be 

averaged.  

 
where the indexes k and l go over the models of the ensemble. 

 
2. Relative to the mean position of the given atom:  

 
It can be shown, that for high N 

 
 

Proof of the above statement includes complicated statistical calculations. 

Local RMSD is usually calculated for more than one atom in each residue. In this case, the local 

RMSD of a residue (denoted by resi) is given as 

 
which is the average of the RMSDs of the single atoms within the given residue. 

Maximum distances 

Instead of the local RMSD, the highest distance can be given between two identical 

atomic positions between two different models. If more than one atom is considered in a residue, 

than distances between different types of atoms will not be measured and compared, only 

between identical atoms in different models. 

 

Presentation of protein conformations 
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Importance of Proteins 

 Muscle structure depends on protein-protein interactions 

 Transport across membranes involves protein-solute interactions 

 Nerve activity requires transmitter substance-protein interactions 

 Immune protection requires antibody-antigen interactions 

 

Overview of Protiens 

It has  

 

 Primary Structure 

 Secondary Structure 

 Tertiary Structure 

 Quaternary Structure 

 

Primary Structure 

 Polypeptide chains  Amino Acids 

 Largest polypeptide chain approx has 5000AA but most have less than 2000AA 

 Amino Acid Basic Structure H2N-CH-COOH 

 Arrangement of the 20 amino acids in the polypeptide is the amino acid sequence which 

composes the primary structure of the protein 

 

 
20 Amino Acids [ (i) Nonpolar,hydrophobic, (ii) Polar, uncharged, (iii) Polar, 

charged] 
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Amino Acid Classification 

 

 

 

 

 

 

 

 

Bioinformatics Methods II, Spring 2003
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A Venn diagram showing the relationship of the 20 naturally occurring amino acids to a 

selection of physio-chemical properties thought to be important in the determination of protein 

structure. 

Stereochemistry 

 Configuration of amino acids in proteins 

 The CORN Law 
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Bond Formation 

 Linking two amino acids together 

  Definitions (N-terminal, C-terminal, polypeptide backbone, amino acid residue, side 

chains) 
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Primary Structure 

 It is a native protein 

 Protein conformation & problem of protein folding 

 Hydrophobic, hydrophilic 

 Charge 

 Chaperones 

Special Purpose Amino Acids 

 Proline  

 
 Cysteine  
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Protein Secondary Structure 

Regular local structures formed by single strands of peptide chain due to constraints on 

backbone conformation 

Peptide Bond 

 
 Resonance  

 C-N bond length of the peptide is 10% shorter than that found in usual C-N amine bonds 

 Peptide bond planer  

 ω, angle around peptide bond,   

 00 for cis, 1800 for trans 
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Ramachandran Plot 

 
Alpha Helix 



KARPAGAM ACADEMY OF HIGHER EDUCATION 

 

Class: I- M.Sc (Chemistry)                      Course Name: Molecular Modelling and Drug Design 

 
Course Code: 18CHP105-C                       Unit: III                                                              Batch: 2018 -2020 

 

 

 

Prepared by Dr. E. Karthikeyan, Asst. Prof., Department of Chemistry, KAHE            Page 
38/53 
 

 
Alpha Helix 

                  Left-handed                                                                         Right handed 
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Alpha Structure Features 

 3.6 residues per turn 

 5.4 angstroms in length per turn 

 carboxyl group of residue i hydrogen bonds to amino group of residue i+4 

Helix Structures 

                     Φ              ψ            H Bond                 R/t             A/t 

Alpha          -57.8         -47           i, i + 4                   3.6               13 

3-10 Helix    -49           -26          i, i + 3                    3.0              10  

Pi Helix        -57           -80          i , i + 5                   4.4              16 
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More Helix Structures 

Type    Φ      ψ                  comments 

 

            Collagen           -51        153        Fibrous proteins Three left handed helicies (GlyXY)n,           

                                                                  X Y = Pro / Lys 

          Type II helices    -79     150       left-handed helicies formed by polyglycine  
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Beta Sheet 

 
Beta Sheet Features 

 Sheets can be made up of any number of strands 

 Orientation and hydrogen bonding pattern of strands gives rise to flat or twisted sheets 

 Parallel sheets buried inside, while Antiparallel sheets occurs on the surface 

 

 

More Beta Structures 

Beta Bulge chymotrypsin (1CHG.PDB)  

 involving residues 33 and 41-42  

Anti parallel 
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Beta Twist pancreatic trypsin inhibitor (5PTI) 

0 to 30 degrees per residue 

Distortion of tetrahedral N atom 

 
Beta turns 
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i + 1 Pro, i + 2 Pro or Gly and i + 3 Gly 
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Interactions 

Interactions 
 Covalent bonds 

  Disulphide bond (2.2 0A) between two Cys residues 

 Non-covalent bonds 

 Long range electrostatic interaction 

 Short range (4 0A) van der Waals interaction 

 Hydrogen bond (3 0A) 
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Tertiary Protein Structure 

 Defines the three dimensional conformation of an entire peptide chain in space 

 Determined by the primary structure 

 Modular in nature 

Aspects which determine tertiary structure 

 Covalent disulfide bonds from between closely aligned cysteine residues form the unique 

Amino Acid cystine. 

 Nearly all of the polar, hydrophilic R groups are located in the surface, where they may 

interact with water 

 The nonpolar, hydropobic R groups are usually located inside the molecule 

Motifs and Domains 

 Motif – a small structural domain that can be recognized in a variety of proteins 

 Domain – Portion of a protein that has a tertiary structure of its own.  In larger proteins 

each domain is connected to other domains by short flexible regions of polypeptide.   
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Modular Nature of Protiens 

 Epidermal Growth Factor (EGF) domain is a module present in several different proteins 

illustrated here in orange. 

 Each color represents a different domain 
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Domain Shuffling 

 Occurs in evolution 

 New proteins arise by joining of preexisting protein domain or modules. 

Quaternary Structure 

 Not all proteins have a quaternary structure 

 A composite of multiple poly-peptide chains is called an oligomer or multimeric  

 Hemoglobin is an example of a tetramer 

 Globular vs. Fibrous 

 
Protein Folding 
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 Protein folding constitutes the process by which a poly-peptide chain reduces its free 

energy by taking a secondary, tertiary, and possibly a quaternary structure 

Thermodynamics 

 Proteins follow spontaneous reactions to reach the conformation of lowest free energy 

 Reaction spontaneity is modeled by the equation ΔG= ΔH-TΔS  

 
 

 

Hydrophobicity factor 

 It is generally accepted today that the hydrophobic force is the dominant energetic factor 

that leads to the folding of polypeptide chains into compact globular entities. This principle was 

first explicitly introduced to protein chemists in 1938 by Irving Langmuir, past master in the 

application of hydrophobicity to other problems, and was enthusiastically endorsed by J.D. 

Bemal.  

Being a more tangible idea, directly expressed in structural terms, the cyclol hypothesis 

received more attention than the hydrophobic principle and the latter never actually entered the 

mainstream of protein science until 1959, when it was thrust into the limelight in a lucid review 

by W. Kauzmann.  

A theoretical paper by H.S. Frank and M. Evans, not itself related to protein folding, 

probably played a major role in the acceptance of the hydrophobicity concept by protein 
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chemists because it provided a crude but tangible picture of the origin of hydrophobicity per se in 

terms of water structure.  

A “like to like” mechanism as an important factor in hydrocarbon segregation. In micelle 

or bilayer formation, where one is dealing with solute molecules that are homogeneous or nearly 

so, with very long aliphatic hydrocarbon chains, this concept (perhaps lining up in parallel) has 

some intrinsic appeal. In applying the idea to proteins, “like to like” lacks any such plausibility: 

the non-polar moieties of protein amino acid side chains are not only short in length, but some 

are aliphatic and some aromatic. Furthermore, they are all mixed up with polar groups along the 

polypeptide chain, rather than neatly segregated.  

State of knowledge of protein structure 

There was intense interest in protein chemistry because proteins were seen to control a 

huge variety of biological processes: enzymatic activity, antibody specificity, oxygen binding, 

and even genetics and inheritance. Most people still thought that proteins were the carriers of 

genetic information, proved it was DNA and many people were not finally convinced until the 

“Waring Blender” experiments of Hershey and Chase. It was established that proteins consist of 

long chains of aminoacids in peptide linkage and that free amino and carboxyl groups carry 

actual ionic charges at neutral pH (and that these groups in proteins behave normally in response 

to changes in pH, much as they do in amino acids and other small molecules). Molecular weights 

were known for many proteins-often (e.g., for hemoglobin) quite accurate in the light of modem 

definitive values. The distinction between “fibrous” and “globular” proteins was established and 

a considerable number of the latter were being obtained in crystalline form. It was understood 

both from physical measurements in solution and from crystallographic results that the globular 

proteins were folded tightly into small compact particles. The phenomenon of protein 

“denaturation” was known and fitted into this picture as an unfolding of the tight globular 

structure. 

In the case of protein folding, the hydrophobic effect is important to understanding the 

structure of proteins that have hydrophobic amino acids (suchas glycine, alanine, valine, leucine,  

isoleucine, phenylalanine, tryptophan and methionine) clustered together within the protein. 

Structures of water-soluble proteins have a hydrophobic core in which side chains are buried 

from water, which stabilizes the folded state. Charged and polar side chains are situated on the 

solvent-exposed surface where they interact with surrounding water molecules. Minimizing the 

number of hydrophobic side chains exposed to water is the principal driving force behind the 

folding process, although formation of hydrogen bonds within the protein also stabilizes protein 

structure.  

The energetics of DNA tertiary structure assembly were determined to be driven by the 

hydrophobic effect, in addition to Watson-Crick base pairing, which is responsible for sequence 

selectivity, and stacking interactions between the aromatic bases.  

In biochemistry, the hydrophobic effect can be used to separate mixtures of proteins 

based on their hydrophobicity. Column chromatography with a hydrophobic stationary phase 

https://en.wikipedia.org/wiki/Amino_acid
https://en.wikipedia.org/wiki/Glycine
https://en.wikipedia.org/wiki/Alanine
https://en.wikipedia.org/wiki/Valine
https://en.wikipedia.org/wiki/Leucine
https://en.wikipedia.org/wiki/Isoleucine
https://en.wikipedia.org/wiki/Phenylalanine
https://en.wikipedia.org/wiki/Tryptophan
https://en.wikipedia.org/wiki/Methionine
https://en.wikipedia.org/wiki/Side_chains
https://en.wikipedia.org/wiki/Chemical_polarity
https://en.wikipedia.org/wiki/Energetics
https://en.wikipedia.org/wiki/DNA
https://en.wikipedia.org/wiki/Watson-Crick_base_pairing
https://en.wikipedia.org/wiki/Stacking_(chemistry)
https://en.wikipedia.org/wiki/Biochemistry
https://en.wikipedia.org/wiki/Column_chromatography
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such as phenyl-sepharose will cause more hydrophobic proteins to travel more slowly, while less 

hydrophobic ones elute from the column sooner. To achieve better separation, a salt may be 

added (higher concentrations of salt increase the hydrophobic effect) and its concentration 

decreased as the separation progresses.  

Shape complementary 

To investigate the effects of shape complementarity on the protein-protein interactions. 

By monitoring different kinds of protein shape-complementarity modes, we gave a clear 

mechanism to reveal the role of the shape complementarity in the protein-protein interactions, 

i.e., when the two proteins with shape complementarity approach each other, the conformation 

of lipid chains between two proteins would be restricted significantly. The lipid molecules 

tend to leave the gap formed by two proteins to maximize the configuration entropy, and 

therefore yield an effective entropy-induced protein-protein attraction, which enhances the 

protein aggregation. Definitely, the shape complementarity is the third key factor affecting 

protein aggregation and complex, besides the electrostatic-complementarity and hydrophobic 

complementarity. 

To investigate the role of protein shape complementarity in the protein 

aggregation dissipative particle dynamic (DPD) simulations is used. In this simulation, 

Two main protein models were designed. One is typically cylindrical protein, and the 

other is “bowknot” protein with a groove body. Through regulating the size of the 

groove, we design three kinds of “bowknot” proteins which are larger, equal and 

smaller than the cylindrical protein radius, as shown in Figure 1. 

Figure 1: Models of different proteins and the correct binding modes of 

proteins. 

Complementary Shape Matching 

 

 

 

https://en.wikipedia.org/wiki/Phenyl
https://en.wikipedia.org/wiki/Sepharose
https://en.wikipedia.org/wiki/Elute
https://www.nature.com/articles/srep03271#f1
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Multiple Choice Questions for Unit III 

 
S. No Question Option 1 Option 2 Option 3 Option 4 Answer 

 Unit III      

1 The term CASP means Crystal 

Analysis 

Structure 

Prediction 

 

Critical 

analysis of 

structural 

protein 

Critical 

Assesment  

of protein 

Structure 

Prediction 

 

 

Critical Assay 

Structural 

Protein 

Critical 

Assessment 

of protein 

Structure 

Prediction 
 

2 In arrangement of protein 

sequences which one will 

work well. 

 

Homology 

modelling                 

Computation

al modelling 

Threading                          

Theoretical 

modelling 

Homology 

modelling                 

3 Comparative modeling is  

 
Homology 

modeling and 

Threading 

     

Computation

al modeling 

and 

Theoretical 

modelling 

Threading and 

Theoretical 

modelling 

Homology 

modeling and 

Computational 

modeling 

Homology 

modeling and 

Threading 

4 Threading is an Wave function  Energy 

function 

Interaction Isolation Energy 

function 

5 In protein threading, the total Ep+Es                                Ep+Eg                                Ep+Es+Eg 



energy is given by Ep+Es+Eg Es+Eg 

6 Homology modeling needs 

sequence identity of 

>30%        < 30% 10-20%   1-10% >30% 

7 To determine the 3D structure 

of target protein which one is 

the best 

X-ray 

crystallograph

y 

   Homology 

modelling 

NMR                                 

IR 
   Homology 

modelling 

8 In Homology modeling, 

which software is used as 

best. 

SWISS 

MODEL 

 SWISS Prot  MOE  GPMAW SWISS 

MODEL 

9 Trick for fast threading is Sequence 

structure-

Sequence 

contact 

matrix-

Sequence 1D 

profile 

Sequence 

Contact 

matrix-

Sequence 

structure-

Sequence 1D 

profile 

Sequence 

structure-

Sequence1D 

profile-

Sequence 

contact matrix           

Sequence 1D 

profile-

Sequence 

structure-

Sequence 

contact matrix 

Sequence 

structure-

Sequence 

contact matrix-

Sequence 1D 

profile 

10 In protein structure prediction, 

if template is hard to identify 

it is often called 

Comparative 

modelling 

Homology 

modelling 

Fold 

recognition 

Computative 

modelling 

Fold 

recognition 

11  In protein structure 

prediction, threading needs 

>80% 

sequence 

identity 

60 – 80% 

sequence 

identity 

< 30% 

sequence 

identity 

50 – 60% 

sequence 

identity 

< 30% 

sequence 

identity 

12 In Homology modeling, the 

accuracy of the results 

depends on 

Sequence 

similarity 

     

Aminoacid 

Protein                              

Folding 

Sequence 

similarity 

13 Homology modeling needs Known 

structure 

                                        

Similar 

sequence 

Known 

structure 

with similar 

sequence  

   Any 

structure 

Known 

structure with 

similar 

sequence 

14 Protein folding is used to find 3D Protein 

structure 

  2D Protein 

structure 

1D Protein 

structure 

  Sequence 

similarity 

3D Protein 

structure 

15 Real protein fold over a time 

scale of  

10,000 secs    0.1-1000 

secs 

1014secs                        1000-

5000secs 

   0.1-1000 secs 



 

16 Which one is used as a 

template to model target 

structure? 

 

Known 

protein with 

best 

similarity 

score 

Unknown 

protein with 

best 

similarity 

score 

Known 

protein with 

any score 

UnKnown 

protein with 

any score 

Known protein 

with best 

similarity score 

17 Comparative modeling is Homology 

modeling and 

Threading 

Computation

al modeling 

and 

Theoretical 

modeling 

Threading and 

Theoretical 

modelling 

Homology 

modeling and 

Computational 

modeling 

Homology 

modeling and 

Threading 

18 Topological property of 

molecular modeling describes 

the  

Ionic 

connectivity 
Covalent 

connectivity 

Coordinate 

connectivity 

Charge 

transfer 

connectivity 

Covalent 

connectivity 

19 NMR data gives the  Topological 

property 

Structural 

property 

Energetic 

property 

Thermodynam

ical property 

Structural 

property 

20 A force field describing the 

force acting on each atom of 

the molecules is called   

 

Topological 

property 

Structural 

property 

Energetic 

property 

Thermodynam

ical property 

Energetic 

property 

21 A sampling algorithm that 

generates the 

thermodynamical ensemble 

that matches  experimental 

conditions for the system is 

called  

Topological 

property 

Structural 

property 

Energetic 

property 

Thermodyna

mical 

property 

Thermodynami

cal property 

22 PDB means Protein Data 

Bank 

Polymer Data 

Bank 

Program Data 

Base 

Palm Data 

Base 

Protein Data 

Bank 

23 SCOP means Structural 

Classification 

Of Polymers 

Structural 

Classificatio

n Of 

Proteins 

Scientific 

Classification 

Of Polymers 

Scientific 

Code Of 

Polymers 

Structural 

Classification 

Of Proteins 

24 DALI means Donor- Donor Distance- Donor- Distance-



Acceptor 

LIgand 

Activity of 

LIgand 
matrix 

ALIgnment 

Acceptor 

LInear 

complex 

matrix 

ALIgnment 

25 CATH means  Critical 

Assesment of 

THyroid 

Critical 

Analogue of 

THyroid 

Classical 

Analysis of 

Thyroid 

Harmone 

Class, 

Architecture, 

Topology, 

and 

Homology 

Class, 

Architecture, 

Topology, and 

Homology 

26 Template search methods can 

be categorized into how many 

classes? 

1 2 3 4 3 

27 Pairwise comparison methods, 

which include the popular 

program of  

DALI BLAST and 

FASTA 

SCOP PALI BLAST and 

FASTA 

28 Sequence profile method use 

the program of  

FASTA BLAST PSI-BLAST PALI PSI-BLAST 

29 Threading methods use a 

combination of 

Sequence and 

Structure 

BLAST and 

PALI 

BLAST and 

FASTA 

DALI and 

PALI 

Sequence and 

Structure 

30 In which method the target 

sequence is threaded through 

a library of 3-D profiles or 

folds, and each threading is 

assessed based on a certain 

scoring function 

Pairwise 

comparison 

method 

Sequence 

profile 

method 

Threading 

methods 

Comparative 

method 

Threading 

methods 

31 In threading method, each 

threading is assessed based on 

a certain 

Criteria Scoring 

function 

Property Identity Scoring 

function 

32 BLAST means Basic 

Logarithmic 

And 

Sequential 

Tool 

Basic 

Logarithmic 

Alignment of 

Search Tool 

Basic Local 

Alignment 

Search Tool 

Basic 

Logarithmic 

And Scientific 

Tool 

Basic Local 

Alignment 

Search Tool 

33 In threading method, BLAST and Superfamily  PSI-BLAST DALI and Superfamily  



Commonly used methods and 

servers is  

FASTA and 

GenThreade

r 

PALI and 

GenThreader 

34 The threading methods are 

more effective in detecting  

Homology Topology Alignment Tools Homology 

35 Which is the least sensitive 

and are best used to detect 

close homologs? 

Threading 

methods 
Pairwise 

sequence 

comparison 

methods 

Sequence 

profile method 

Sequence 

method 
Pairwise 

sequence 

comparison 

methods 

36 PALI means Protein 

ALIgnment 

Pairwise 

ALIgnment 
Phylogeny 

and 

ALIgnment 

Property 

ALIgnment 
Phylogeny and 

ALIgnment 

37 Which is useful in making a 

distinction between the 

sequence and structure 

similarity? 

FASTA PALI DALI SCOP PALI 

38 Homology modeling, also 

known as  

Space filling 

modelling 

Mechanical 

modelling 

Comparative 

modeling 

Automodellin

g 

Comparative 

modeling 

39 Which modeling allows to 

construct an unknown atomic-

resolution model of the 

"target" protein? 

Space filling 

modelling 

Mechanical 

modelling 

Comparative 

modeling 

Automodellin

g 

Comparative 

modeling 

40 Comparative modeling also 

called as  

Homology 

modeling 

Space filling 

modelling 

Automodellin

g 

Mechanical 

modelling 

Homology 

modeling 

41 Rhodopsin is a biological 

pigment of the  

Cornea Retina Iris Pupil Retina 

42 Rhodopsin also known as  Lens Pupil Visual purple Iris Visual purple 

43 Which modeling allows to 

construct an unknown atomic-

resolution model of the 

"target" protein? 

Space filling 

modelling 

Mechanical 

modelling 

Homology 

modeling 

Automodellin

g 

Homology 

modeling 

44 Homo sapiens  is the 

Zoological name for? 

Birds Human Animals Insects Human 



45 Rhodopsin belongs to  Aminoacid 

family 

Alkaloid 

family 
G-protein 

coupled 

receptor 

family 

 Enzyme 

family 
G-protein 

coupled 

receptor family 

46 Rhodopsin consists of the 

protein moiety  

Retinal Opsin Retinol GLy-Ala Opsin 

47 Which server has an 

automated procedure to get a 

model of a particular 

sequence? 

SWISS Prot SWISS-

MODEL 

MOE GPMAW SWISS-

MODEL 

48 Which  server is for analyzing 

protein structures for validity 

and assessing how correct? 

MOE GPMAW SAVES SWISS Prot SAVES 

49 How many programmes are 

used for analyzing protein 

structures for validity and 

assessing how correct? 

2 3 4 5 5 

50 The stereochemical quality of 

a protein structure can be 

known by  

PROCHECK WHAT_CHE

CK 

ERRAT VERIFY_3D PROCHECK 

51 Which method is based on 

characteristic atomic 

interaction, use for 

differentiating between 

correctly and incorrectly 

determined regions of protein 

structures? 

PROCHECK WHAT_CHE

CK 

ERRAT VERIFY_3D ERRAT 

52 ProSA means  Pro Server 

Analysis 
Protein 

Structural 

Analysis 

Prosa 

Structured 

Analysis 

ProServer 

Association 
Protein 

Structural 

Analysis 

53 Which-web service returns 

results instantaneously? 

ERRAT GPMAW ProSA SAVES ProSA 

54 The response time for even Seconds Few minutes Minutes Hours Seconds 



large molecules in ProSA 

server is in the order of  

55 Which web server is used  for 

automated modeling of loops 

in protein structures? 

ProSA GPMAW ModLoop SAVES ModLoop 

56 High-accuracy template-based 

predictions for protein were 

evaluated in 

CASP4 CASP5 CASP7 CASP8 CASP7 

57 Prediction of structure 

complexes of protein is done 

by  

CASP2 CASP4 CASP6 CASP7 CASP2 

58 Protein model refinement is 

done by  

CASP4 CASP5 CASP7 CASP8 CASP7 

59 Structure of protein is 

classified into  

2 types 3 types 4 types 5 types 4 types 

60 The three dimensional 

conformation of an entire 

peptide chain in space is given 

by  

Primary 

Structure of 

protein 

Secondary 

Structure of 

protein 

Tertiary 

Structure of 

protein 

Quaternary 

Structure of 

protein 

Tertiary 

Structure of 

protein 

 
 

https://en.wikipedia.org/wiki/Protein_complex
https://en.wikipedia.org/wiki/Protein_complex
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UNIT IV 

Pharmacophore 

Historical perspective and viewpoint of pharmacophore, functional 

groups considered as pharmacophores, Ehrlich’s “Magic Bullet”, 

Fischer’s “Lock and Key”, two-dimensional pharmacophores, three-

dimensional approach of pharmacophores, criteria for pharmacophore 

model, pharmacophore model generation software tools, molecular 

alignments, handling flexibility, alignment techniques, scoring and 

optimization, pharmacophores, validation and usage, automated 

pharmacophore generation methods, GRID-based pharmacophore 

models, pharmacophores for hit identification, pharmacophores for 

human ADME/tox-related proteins. 
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Paul Ehrlich Magic Bullet 
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Paul Ehrlich (Nobel Laureate: 1908) developed the concept of Magic Bullet. For staining any 

bacteria, we use different dyes. Basic dyes bind the surface of the bacteria. Magic Bullet is 

referred to the dyes which bind selectively to the pathogen without harming the human cells. 

Magic Bullet (Medicine) 

The magic bullet was a scientific concept developed by a German Nobel laureate Paul 

Ehrlich in 1900.[ While working at the Institute of Experimental Therapy (Institut für 

experimentelle Therapie), Ehrlich formed an idea that it could be possible to kill 

specific microbes (such as bacteria) that cause diseases without harming the body itself. He 

named the hypothetical agent as Zauberkugel, the magic bullet.[ He envisioned that just like a 

bullet fired from a gun to hit a specific target, there could be a way to specifically target invading 

microbes. His continued research to discover the magic bullet resulted in further knowledge of 

the functions of the body's immune system, and in the development of Salvarsan, the first 

effective drug for syphilis, in 1909. His works were the foundation ofimmunology, and for his 

contributions he shared the 1908 Nobel Prize in Physiology or Medicine with Élie Metchnikoff.  

Ehrlich's discovery of Salvarsan in 1909 for the treatment of syphilis is termed as the first magic 

bullet. This led to the foundation of the concept of chemotherapy.  

Ehrlich joined the Institute of Experimental Therapy (Institut für experimentelle 

Therapie) at Frankfurt am Main, Germany, in 1899, becoming the director of its research 

institute the Georg–Speyer Haus in 1906. Here his research focused on testing arsenical dyes for 

killing microbes. Arsenic was an infamous poison, and his attempt was criticised. He was 

publicly lampooned as an imaginary "Dr Phantasus". 

But Ehrlich's rationale was that the chemical structure called side chain forms antibodies 

that bind to toxins (such as pathogens and their products); similarly, chemical dyes such as 

arsenic compounds could also produce such side chains to kill the same microbes. This led him 

to propose a new concept called "side-chain theory". (He later, in 1900, revised his concept as 

"receptor theory".) Based on his new theory, he postulated that in order to kill microbes, "wir 

müssen chemisch zielen lernen" ("we have to learn how to aim chemically"). His institute was 

convenient as it was adjacent to a dye factory. 

https://en.wikipedia.org/wiki/Paul_Ehrlich
https://en.wikipedia.org/wiki/Paul_Ehrlich
https://en.wikipedia.org/wiki/Magic_bullet_(medicine)#cite_note-tan-1
https://en.wikipedia.org/wiki/Microorganism
https://en.wikipedia.org/wiki/Magic_bullet_(medicine)#cite_note-heynick-2
https://en.wikipedia.org/wiki/Immune_system
https://en.wikipedia.org/wiki/Salvarsan
https://en.wikipedia.org/wiki/Syphilis
https://en.wikipedia.org/wiki/Immunology
https://en.wikipedia.org/wiki/Nobel_Prize_in_Physiology_or_Medicine
https://en.wikipedia.org/wiki/%C3%89lie_Metchnikoff
https://en.wikipedia.org/wiki/Frankfurt_am_Main,_Germany
https://en.wikipedia.org/wiki/Side-chain_theory
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He began testing a number of compounds against different microbes. It was during his 

research that he coined the terms "chemotherapy" and "magic bullet". Although he used the 

German word zauberkugel in his earlier writings, the first time he introduced the English term 

"magic bullet" was at a Harben Lecture in London in 1908. By 1901, with the help of Japanese 

microbiologist Kiyoshi Shiga, Ehrlich experimented with hundreds of dyes on mice infected 

with trypanosome, a protozoan parasite that causes sleeping sickness. In 1904 they successfully 

prepared a red arsenic dye they called Trypan Red for the treatment of sleeping sickness.  

Examples of Magic Bullet: 

1. Trypan Red: It binds the Trypanosomes which cause African sleeping sickness. It was 

first discovered by Kiyoshi Shiga and Paul Ehrlich. 

2. Prontosil Red: It is used for staining leather. However, when injected into the mice, it 

protected the mice completely against pathogenic staphylococci and Streptococci. 

All the dyes are commonly having sulfur and are structurally similar. Sulfonamide/ sulfa drugs 

were discovered by Gerhard Domagk. 

Discovery of the first magic bullet-Salvarsan 

 In 1906 Ehrlich developed a new derivative of arsenic compound, which he code-named 

Compound 606 (the number representing the series of all his tested compounds). The compound 

was effective against malaria infection in experimental animals.[ In 1905, Fritz  

Schaudinn and Erich Hoffmann identified a spirochaete bacterium (Treponema pallidum) as the 

causative organism of syphilis. With this new knowledge, Ehrlich tested Compound 606 

(chemically arsphenamine) on a syphilis-infected rabbit. He did not recognise its effectiveness. 

Sahachiro Hata went over Ehrlich's work and found on 31 August 1909 he found that the rabbit, 

which had been injected with Salvarsan 606 was cured using only a single dose, the rabbit 

showed no adverse effect. (The normal treatment procedure of syphilis at the time involved two 

to four years routine injection with mercury.) Ehrlich, after receiving this information, performed 

experiments on human patients with the same success. After convincing clinical trials, the 

https://en.wikipedia.org/wiki/Chemotherapy
https://en.wikipedia.org/wiki/Kiyoshi_Shiga
https://en.wikipedia.org/wiki/Trypanosoma
https://en.wikipedia.org/wiki/African_trypanosomiasis
https://en.wikipedia.org/wiki/Magic_bullet_(medicine)#cite_note-tan-1
https://en.wikipedia.org/wiki/Fritz_Schaudinn
https://en.wikipedia.org/wiki/Fritz_Schaudinn
https://en.wikipedia.org/wiki/Erich_Hoffmann
https://en.wikipedia.org/wiki/Treponema_pallidum
https://en.wikipedia.org/wiki/Arsphenamine
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compound number 606 was given a trade name "Salvarsan", a portmanteau for "saving 

arsenic". Salvarsan was commercially introduced in 1910, and in 1913, a less toxic form 

"Neosalvarsan" (Compound 914) was released in the market. These drugs became the principal 

treatments of syphilis until the arrival of penicillin and other novel antibiotics towards the middle 

of the 20th century. Ehrlich's research on the magic bullet was the foundation of pharmaceutical 

research.  

Fischer’s “Lock and Key” 

To quote Fischer (1868) himself, “There is a relation between the unknown structure of an active 

enzyme and that of substrate, they are complementary and the one may be said to fit the other as 

a key fits a lock.” 

Fischer’s Lock and Key Model Previously, the interaction of substrate and enzyme was 

visualized in terms of a lock and key model (also known as template model), proposed by Emil 

Fischer in 1898. According to this model, the union between the substrate and the enzyme takes 

place at the active site more or less in a manner in which a key fits a lock and results in the 

formation of an enzyme substrate complex as shown below. 

 

 

In fact, the enzyme-substrate union depends on a reciprocal fit between the molecular structure 

of the enzyme and the substrate. And as the two molecules (that of the substrate and the enzyme) 

are involved, this hypothesis is also known as the concept of intermolecular fit. The enzyme-

substrate complex as shown below is highly unstable and almost immediately this complex 

decomposes to produce 
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Structure of an enzyme–substrate complex 

 

(i) The enzyme cytochrome P-450 is illustrated bound to its substrate camphor and 

(ii)  In the active site, the substrate is surrounded by residues from the enzyme. Note also the 

presence of a heme cofactor. 

the end products of the reaction and to regenerate the free enzyme. The enzyme-substrate 

union results in the release of energy. It is this energy which, in fact, raises the energy level of 

the substrate molecule, thus inducing the activated state. In this activated state, certain bonds of 

the substrate molecule become more susceptible to cleavage. 

Evidences Proving the Existence of an ES Complex: 

The existence of an ES complex during enzymatically-catalyzed reaction has been shown in 

many ways : 

1. The ES complexes have been directly observed by electron microscopy and x-ray 

crystallography. 

2. The physical properties of enzymes (esp., solubility, heat sensitivity) change frequently upon 

formation of an ES complex. 

3. The spectroscopic characteristics of many enzymes and substrates change upon formation 

of an ES complex. It is a case parallel to the one in which the absorption spectrum of 

deoxyhemoglobin changes markedly, when it binds oxygen or when it is oxidized to ferric 

state. 

4. Stereospecificity of highest order is exhibited in the formation of ES complexes. For example, 

D-serine is not a substrate of tryptophan synthetase. As a matter of fact, the D-isomer does 

not even bind to the enzyme. 

5. The ES complexes can be isolated in pure form. This may happen if in the reaction, 
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the enzyme has a high affinity for the substrate A and also if the other reactant B is absent from 

the mixture. 

6. A most general evidence for the existence of ES complexes is the fact that at a constant 

concentration of enzyme, the reaction rate increases with increase in the substrate concentration 

until a maximal velocity is reached. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



KARPAGAM ACADEMY OF HIGHER EDUCATION 

 

Class: I- M.Sc (Chemistry)                      Course Name: Molecular Modelling and Drug Design 

 
Course Code: 18CHP105-C                         Unit: IV (Pharmacophore)                              Batch: 2018 -2020 

 

Prepared by Dr. E. Karthikeyan, Asst. Prof., Department of Chemistry, KAHE            Page 9/28 
 

 

 

 

 

 

 



KARPAGAM ACADEMY OF HIGHER EDUCATION 

 

Class: I- M.Sc (Chemistry)                      Course Name: Molecular Modelling and Drug Design 

 
Course Code: 18CHP105-C                         Unit: IV (Pharmacophore)                              Batch: 2018 -2020 

 

Prepared by Dr. E. Karthikeyan, Asst. Prof., Department of Chemistry, KAHE            Page 
10/28 
 

 
 

 

 

 

 



KARPAGAM ACADEMY OF HIGHER EDUCATION 

 

Class: I- M.Sc (Chemistry)                      Course Name: Molecular Modelling and Drug Design 

 
Course Code: 18CHP105-C                         Unit: IV (Pharmacophore)                              Batch: 2018 -2020 

 

Prepared by Dr. E. Karthikeyan, Asst. Prof., Department of Chemistry, KAHE            Page 
11/28 
 

 

 

 

 

 

 



KARPAGAM ACADEMY OF HIGHER EDUCATION 

 

Class: I- M.Sc (Chemistry)                      Course Name: Molecular Modelling and Drug Design 

 
Course Code: 18CHP105-C                         Unit: IV (Pharmacophore)                              Batch: 2018 -2020 

 

Prepared by Dr. E. Karthikeyan, Asst. Prof., Department of Chemistry, KAHE            Page 
12/28 
 

 

 

 

 

Pharmacophore Model Generation Software Tools 
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Multiple Choice Questions for Unit IV 

 
S. 

No Question Option 1 Option 2 Option 3 Option 4 Answer 

 Unit IV      

1 The substance possessing 

distinct functional group 

and biological activity is 

called 

Pharmaco

phore               

 Chromophore Auxochrome                        

Chemiluminesence 

Pharmacophore 

2 The term pharmacophore 

was called as 

receptive substance 

by 

 

. Ehrlich Langley Fischer Marshall Langley 

3 An example for 

Pharmacophoric group is 

Cyanamide  Toluamide Sulfonamide  Acetamide Sulfonamide 

4 The term lock and key 

concept is designed by 

Ehrlich Fischer Kier Marshall Fischer 

5 Who have pioneered the 

development of 

Pharmacophore concept 

and the application   

       in SAR? 

 

Ehrlich  Kier and 

Marshall 

 Fischer     Langley Kier and 

Marshall 



6 Based on initial SAR 

consideration simple 2D 

moleules was introduced 

in the year 

2010 1990 1940   1920 1940   

7 Which one is considered 

as tools for the discovery 

of novel molecules. 

Enzymes   Pharmacophores Receptors Nucleicacids Pharmacophores 

8 Which is a computational 

procedure for 

determining energetically 

favourable binding  

      sites on molecules of 

known structure. 

 

GRID             QSAR      QSPR FlexX GRID 

9 Who introduced the 

concept Magic bullet? 

 

Fischer Ehrlich  Kier Marshall Ehrlich 

10 The Lock and Key 

mechanism is for 

Protein 

complex 

                                                     

Aminoacid 
Enzyme-

Substrate 

complex 

 Polypeptide Enzyme-

Substrate 

complex 

11 A well developed 

pharmacophore model 

gives the information 

about the 

Receptor-

binding 

cavity 

Acceptor-binding 

cavity 

Acceptor-

Receptor 

Antagonist 

Enzyme-binding 

cavity 

Receptor-

binding cavity 

12 The majority of 

automated 

pharmacophore generated 

program do not consider 

the   

      activity of  

 

Metals                             

Ligands 

Metal-

Ligand 

complex 

Enzymes Ligands 

13 The term pharmacophore 

was called as receptive 

Ehrlich Langley Fischer Marshall Langley 



substance by 

 

14 Who was awarded for his 

lecture entitled “To Bond 

or Not to Bond: Chemical 

versus Physical theories 

of drug action”? 

Edelstein Robert Boyle Sigmund 

Frankel 

Arthur Cushny Edelstein 

15 Drug acting on the heart 

is called as  

Somatic Cordials Hepatics Emetic Cordials 

16 Drug acting on the liver is  Somatic Emetic Hepatics Cordials Hepatics 

17 Who introduce the term 

“receptive substance”? 

Robert Frankel Langley Edelstein Langley 

18 Who introduce the term 

“receptor”? 

Robert Paul Ehrlich Cushny Edelstein Paul Ehrlich 

19 Adrenaline has a 

powerful effect on which 

muscle? 

Cardiac Skeletal Striatal Smooth Cardiac 

20 Adrenaline has a very 

little effect on which 

muscle? 

Cardiac Skeletal Striatal Smooth Striatal 

21 If D and L isomers of a 

drug substance has 

different pharmacological 

action means they are 

called as 

Low 

Chemical 

specificity 

High Chemical 

specificity 

Stereospecifi

city 

Stereo selectivity High Chemical 

specificity 

22 Which is a preferred sub 

structure for protein 

binding? 

Hexyl 

motif 

Tolyl motif  Biphenyl 

motif 

Glycosyl motif Biphenyl motif 

23 Which is referred to the 

dyes which bind 

selectively to the 

pathogen without 

harming the human cells? 

Photophore Magic Bullet Auxochrome Chromophore Magic Bullet 



24 Who introduced this term 

“ the hypothetical agent 

as Zauberkugel”? 

Robert Paul Ehrlich Cushny Edelstein Paul Ehrlich 

25 Who formed an idea that 

it could be possible to kill 

specific microbes (such 

as bacteria) that cause 

diseases without harming 

the body itself? 

Robert Paul Ehrlich Cushny Edelstein Paul Ehrlich 

26 The treatment of syphilis 

is termed as the 
First 

magic 

bullet 

Second Magic 

bullet 

Antibiotics Antiviral First magic 

bullet 

27 Which led to the 

foundation of the concept 

of chemotherapy? 

First 

magic 

bullet 

Second Magic 

bullet 

Antibiotics Antiviral First magic 

bullet 

28 In Ehrlich research 

focused on testing dyes 

for killing microbes, 

Which attempt was 

criticized? 

Cobalt dye Arsenic dye Copper dye Manganese dye Arsenic dye 

29 
Who was publicly 

lampooned as an 

imaginary "Dr 

Phantasus"? 

 

Paul 

Ehrlich 

Cushny Edelstein Robert Paul Ehrlich 

30 Who propose a new 

concept called "side-

chain theory?  

Paul 

Ehrlich 

Cushny Edelstein Robert Paul Ehrlich 

31 Ehrlich revised the 

concept of side chain 

Acceptor 

theory 

Receptor theory Multi chain 

theory 

Pharmacokinetics Receptor theory 

https://en.wikipedia.org/wiki/Microorganism
https://en.wikipedia.org/wiki/Side-chain_theory
https://en.wikipedia.org/wiki/Side-chain_theory


theory as  

32 Sulfonamide/ sulfa drugs 

were discovered by 

Edelstein Robert Gerhard 

Domagk 

Cushny Gerhard 

Domagk 

33 Examples of magic bullet 

is  

Congo red Trypan Red Acid violet Malachite green Trypan Red 

34 Ehrlich developed a new 

derivative of arsenic 

compound, which he 

code-named 

Compund4

04 

Compound 505 Compound 

606 

Compound707 Compound 606 

35 The Compound 606 was 

effective against  

Viral 

infection 
Malaria 

infection 

Fungi 

infection 

Algae infection Malaria 

infection 

36 Ehrlich tested Compound 

606, but he did not 

recognise its 

effectiveness on  

Malaria 

infected 

rabbit 

Malaria infected 

mouse 
Syphilis-

infected 

rabbit 

Malaria infected 

species 
Syphilis-infected 

rabbit 

37 Chemically Compound 

606 is  

Calciphena

mine 
Arsphenamine Kaliphenami

ne 

Sodphenamine Arsphenamine 

38 Compound number 606 

was given a trade name 
Salvarsan Methadone Cocaine Amphetamines Salvarsan 

39 Examples of magic bullet 

is  

Congo red Prontosil Red Acid violet Malachite green Prontosil Red 

40 Salvarsan was 

commercially introduced 

in the year 

1900 1906 1910 1918 1910 

41 Compound number 914 

was given a trade name 
NeoSalvar

san 

Methadone Cocaine Amphetamines NeoSalvarsan 

42 NeoSalvarsan was 

commercially introduced 

in the year 

1906 1913 1918 1920 1913 

43 Neosalvarsan is Less toxic Medium toxic Highly toxic Potentially toxic Less toxic 

44 Which was the 

foundation of 

Pharmaceutical research? 

Pharmacok

inetics 
Magic bullet Pharmacody

anamics 

Pharmacogenomic

s 
Magic bullet 

https://en.wikipedia.org/wiki/Arsphenamine
https://en.wikipedia.org/wiki/Arsphenamine


45 There is a relation 

between the unknown 

structure of an active 

enzyme and that of 

substrate, they are 

complementary and the 

one may be said to fit the 

other as a key fits a lock. 

This statement is given 

by 

Robert Cushny Fischer Kiyoshi Shiga Fischer 

46 Trypan Red is a Red Cobalt 

dye 
Red Arsenic dye Acid Red 

dye 

Congo Red dye Red Arsenic dye 

47 Trypan Red is used for 

the treatment of  

Cough Nausea Sleeping 

sickness 

Vomitting Sleeping 

sickness 

48 Kiyoshi Shiga is a 

Japanese 

Biochemist Microbiologist Therapist Pharmacist Microbiologist 

49 Ehrlich successfully 

prepared Trypan Red dye  

with the help of  

Robert Fischer Kiyoshi 

Shiga 

Frankel Kiyoshi Shiga 

50 Trypan Red dye and 

Prontosil Red dye 

commonly has  

Selenium Sulphur Manganese Zinc Sulphur 

51 Emil Fischer proposed 

Lock and Key model in 

the year 

1868 1878 1888 1898 1898 

52 Lock and Key model is 

also called as  
Template 

model 

Sequence model Threading Folding Template model 

53 Enzyme-Substrate 

complex is  

Stable Highly Unstable Ionic Polymer Highly Unstable 

54 The ES complexes have 

been directly observed by 

ESR NMR Electron 

microscopy 

IR Electron 

microscopy 

55 Upon formation of ES 

complex, the physical 

Change 

frequently 

Not change Be same Be identical Change 

frequently 

https://en.wikipedia.org/wiki/Kiyoshi_Shiga
https://en.wikipedia.org/wiki/Kiyoshi_Shiga
https://en.wikipedia.org/wiki/Kiyoshi_Shiga
https://en.wikipedia.org/wiki/Kiyoshi_Shiga
https://en.wikipedia.org/wiki/Kiyoshi_Shiga


property of enzyme will 

56 A most general evidence 

for the existence of ES 

complexes is the fact that 

at a constant 

concentration of enzyme, 

the reaction rate 

Increases 

with 

Increase in 

the 

substrate 

concentrat

ion 

Increases with 

Decrease in the 

substrate 

concentration 

Decreases 

with Increase 

in the 

substrate 

concentratio

n 

Decreases 

exponentially with 

Increase in the 

substrate 

concentration 

Increases with 

Increase in the 

substrate 

concentration 

57 Which is an estrogenic 

agent? 

trans-

Diethyl 

Maleate 

trans-Dimethyl 

acetylene 

dicarboxylate 

trans-

Diethyl 

stilbestrol 

trans-Diethyl 

cinnamate 

trans-Diethyl 

stilbestrol 

58 Sulfonamides and PABA 

are  

Polymers 2-D-

Pharmacophores 

3-D-

Pharmacoph

ores 

Antioxidants 2-D-

Pharmacophores 

59 GBPM means GRID 

based 

Pharmcop

hore 

model 

Group Based 

Pharmacophore 

model 

Genetic 

Based 

Protein 

model 

Grip Bio Polymer 

model 

GRID based 

Pharmcophore 

model 

60 DDI means  Drug 

Dosage 

Interaction 

Drug-Drug 

Interaction 

Drug 

Disease 

Interaction 

Drug Dose 

Immune power 
Drug-Drug 

Interaction 
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UNIT V 

Computer aided Chemistry: Structure Prediction and Drug Design: 

Introduction to molecular docking, rigid docking, Flexible docking, 

manual docking, advantage and disadvantage of flex-X, flex-S, 

AUTODOCK and other docking software, scoring functions, simple 

interaction energies, GB/SA scoring (implicit solvation), CScore 

(consensus scoring algorithms). 
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Computer aided Chemistry: Structure Prediction and Drug Design: 

 

 

Molecular Docking 

Molecular docking is the process that involves placing molecules in appropriate configurations to 

interact with a receptor. Molecular docking is a natural process which occurs within seconds in a 

cell.  In molecular modeling the term “molecular docking” refers to the study of how two or 

more molecular structures fit together 
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Manual docking 
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Autodock 

 Interaction between biomolecules lie at the core of all metabolic processes and life 

activities 

 The number of solved protein structures available in the databases is expanding 

exponentially 
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 To understand their functions it is essential to elucidate the interaction mechanisms 

between the different molecules 

 Primary importance lies in rational drug design 

 Depending upon the success of the docked molecules the docking ligand may be 

redesigned or its structure further refined.  

 Also important in the area of immunology to study antigen-antibody interaction. 

The AutoDock Software 

 Developed by AJ Olson’s group in 1990. 

 AutoDock uses free energy of the docking molecules using 3D potential-grids 

 Uses heuristic search to  minimize the energy. 

Search Algorithms used: 

 Simulated Annealing 

 Genetic Algorithm 

Lamarckian GA (GA+LS hybrid) 

Algorithms Overview 

Simulated Annealing 

 Based on temperature effects 

 Start with high temperature and global search 

 Lower temperature local search 

Genetic Algorithm  

 Charles Darwin’s Theory of Evolution 

       Genotype  to Phenotype 

 Lamarckian Algorithm ( Jean –Baptiste de Lamarck) 

      Phenotype to Genotype 
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Table 1. Basic characteristics for current protein-ligand docking tools*. 

 
Scoring Functions:  

Concept and Application Scoring function is the most important component in 

structurebased drug design for evaluating the efficacy of ligands binding to their target proteins. 

In molecular docking experiments, protein-ligand complexes need to be rapidly and accurately 

assessed. As molecular docking experiments generate thousands of ligand binding 
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orientations/conformations, scoring functions are used to rank these complexes and differentiate 

the accurate binding mode predictions from inaccurate predictions. The goal of an ideal scoring 

function is to rank the complex as determined empirically. Additionally, the scoring function 

should be able to predict the absolute binding affinity of the complex to facilitate identification 

of the potential hits/lead candidates against any therapeutic target from a large library of 

compounds as used in virtual screening. Scoring functions are very helpful to screening libraries 

of compounds or individual compounds based on their binding mode and affinity. Over the 

years, various scoring functions that exhibit different accuracies and computational efficiencies 

have been developed. In this section, we briefly review the scoring functions in literature 

developed for protein-ligand interactions in molecular docking. Fig. 2 shows different scoring 

functions currently in use. Scoring functions have been categorized into four different types: 1. 

Force-field or molecular mechanics-based scoring functions. 2. Empirical scoring functions. 3. 

Knowledge-based scoring functions. 4. Consensus scoring functions.  

Force-Field or Molecular Mechanics-Based Scoring Functions 

Classic molecular mechanics are used by force-field scoring functions for energy calculations. 

These scoring functions use various physical features such as van der Waals (VDW) interactions, 

electrostatic interactions, and bond stretching/bending/torsional forces. Force-field or molecular 

mechanics-based scoring functions utilize parameters derived from both experimental and ab 

initio quantum mechanical calculations. These scoring functionsestimate the binding free energy 

of protein-ligand complexes by the sum of the van der Waals (VDW) interactions and 

electrostatic electrostatic interactions. Despite its various successful  applications, a major 

challenge associated with force field scoring functions is their inability to treat solvent molecules 

in ligand binding. To overcome this shortcoming, variables from the empirical scoring functions 

are often taken into consideration along with force-field functions. 

Empirical Scoring Functions 

These scoring functions are based on counting the number of different types of interactions 

between two binding partners. These functions count the number of atoms within a ligand and 

receptor that are in contact with each other or calculate changes in the solvent accessible surface 

area (SASA) in the complex and the uncomplexed structure of the protein and ligand. These 

interaction terms of the function may include favorable contacts (hydrophobichydrophobic), 

unfavorable contacts (hydrophobic-hydrophilic), favorable contributions to affinity (especially if 

shielded from solvent), no contribution if solvent exposed (number of hydrogen bonds), and 

unfavorable conformational entropy contribution (number of rotatable bonds immobilized in 

complex formation). 

Knowledge-Based Scoring 

This scoring function attempts to capture knowledge about the  receptor (target) - ligand binding 

available in the protein data bank (PDB) by statistical analysis of structural data alone. 

Frequency of occurrence of individual contacts is assumed to measure their energetic 

contribution to the binding. A specific contact that occurs more frequently than an average or 

random distribution indicates attractive interaction, whereas less frequent occurrence indicates 

repulsive interaction, e.g., PMF score (potentials of mean force). 
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Consensus Scoring Function 

Despite the availability of some good scoring functions, consensus scoring functions have been 

developed. Every scoring function currently in use has some limitations and advantages. The 

consensus scoring function was developed while considering the advantages of different scoring 

functions to achieve high accuracy. Consensus scoring functions, which are the most advanced 

scoring technique, improve the probability of finding the correct solution via a combination of 

different scoring functions. The best aspect of consensus scoring functions is their ability to 

score predicted binding poses using different scoring functions. 

Commonly used consensus scoring strategies include: 

(1) Weighted combinations of scoring functions, vote by number strategy. 

(2) Vote by number strategy in which a cutoff value is established for each scoring method used 

and the final decision is made based on the number of passes a molecule has 

(3) Rank by number strategy in which each compound is ranked by its average normalized score. 

(4) Rank by rank strategy in which the compounds are sorted on the basis of their average rank 

and predicted by individual scoring functions. 

Simple interaction energies 
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Multiple Choice Questions for Unit V 

 
S. No Question Option 1 Option 2 Option 3 Option 4 Answer 

 Unit V      

1 Which is designed to predict 

how small molecules such 

as substrates, bind to a 

receptor of known 3D 

structure. 

 

AutoDock   GRID   FlexX      QSAR AutoDock   

2 Whch is a key tool in 

structural molecular biology 

and computer assisted drug 

design. 

AutoDocking Rigiddockin

g 
Molecular 

docking 

Flexible 

docking 
Molecular 

docking 

3 In which docking molecules 

cannot change their spatial 

shape during the docking 

process. 

 

Flexible Rigid Molecular Autodockin

g 
Rigid 

4 Computer-aided drug design, 

often called 
Structure 

based drug 

design 

Conformatio

n based drug 

design 

Atom based 

drug design 

Reactivit

y based 

drug 

design 

 

Structure 

based drug 

design 



5 Which predicts the binding 

orientation and affinity of a 

ligand to target. 

 

Docking AADS    ADAM  FlexS Docking 

6 Computer aided drug design 

involves the biochemical 

information of 

Protein-Ligand 

interaction 

Enzyme-

Protein 

interaction 

Protein- 

Protein 

interaction           

Ligand- 

Receptor 

interaction 

Ligand- 

Receptor 

interaction 

7 Docking can be classified as 

Rigid and flexible based on 
Ligand-

protein 

flexibilty 

Ligand 

flexibility 

Protein 

flexibility 

Structure of 

ligand  
Ligand-

protein 

flexibilty 

8 The most common software 

packages used for ligand based 

pharmacophore  

        generation include 

 

GRID                             

DISCO 

GRIN     GRIP DISCO 

9 Which is used to describe the 

binding constant between 

probe atoms and the target. 

SCORE            MOE DISCO GASP   

 
SCORE     

10 The process that involves 

placing molecules in 

appropriate configurations to 

interact with a receptor is 

called 

Auto Docking Molecular 

Docking 

 

Rigid 

Docking 

Flexible 

Docking 

Molecular 

Docking 

 

11 Which docking is a natural 

process which occurs within 

seconds in a cell? 

Auto Docking Molecular 

Docking 

 

Rigid 

Docking 

Flexible 

Docking 
Molecular 

Docking 

 

12 The author of Induced-Fit 

model is  

Emil Fischer Buyong Ma 

et al 
Daniel 

Koshland 

Robert Daniel 

Koshland 

13 The author of Conformation 

ensemble model is  

Emil Fischer Buyong Ma 

et al 

Daniel 

Koshland 

Robert Buyong Ma 

et al 

14 Lock and Key model was 

introduced in the year 

1928 1890 1958 1968 1890 

15 In molecular modeling which Molecular Rigid Flexible Auto Molecular 



term refers to the study of how 

two or more molecular 

structures fit together? 

 

Docking 

 

Docking Docking Docking Docking 

 

16 The Induced-Fit model was 

introduced in the year 

1958 1998 1989 1969 1958 

17 The Conformation ensemble 

model was introduced in the 

year 

1998 2003 2008 2010 2003 

18 In rigid body docking, the 

search space is restricted to  

Two rotational 

and Three 

translational 

degree of 

freedom 

Two 

rotational 

and Two 

translational 

degree of 

freedom 

Three 

rotational 

and Three 

translationa

l degree of 

freedom 

Three 

rotational 

and Two 

translational 

degree of 

freedom 

Three 

rotational 

and Three 

translationa

l degree of 

freedom 

19 The approach of which 

docking is not sufficient to 

predict the structure of a 

protein complex. 

Auto Docking Molecular 

Docking 

 

Rigid 

Docking 

Flexible 

Docking 
Rigid 

Docking 

20 The incorporation of molecular 

flexibility into docking 

algorithm requires to add 

which degree of freedom?  

Vibrational Conformati

onal 

Translationa

l 

Rotational Conformati

onal 

21 Flexible docking P = 3+3+Nr, 

P refers to  

Number of 

Parameters 

optimized 

Degree of 

freedom 
Number of 

Parameters 

to optimize 

Number of 

Parameters 

required 

Number of 

Parameters 

to optimize 

22 Flexible docking P = 3+3+Nr, 

Nr refers to 

Number of 

rigid bonds 
Number of 

flexible 

bonds 

Number of 

reference 

bonds 

Number of 

Proteins 
Number of 

flexible 

bonds 

23 Rigid docking P = 3+3, first 3 

refers to  

Position Orientation Number of 

bonds 

Number of 

proteins 

Position 

24 Rigid docking P = 3+3, second 

3 refers to 

Position Orientation Number of 

bonds 

Number of 

proteins 

Orientation 



25 Molecular docking can be 

divided into How many 

separate sections? 

2 3 4 5 2 

26 Molecular dynamics, Mont 

carlo method, Genetic 

algorithm etc are the various 

algorithm used for  

Scoring 

function 
Docking 

analysis 

Score 

interpretatio

n 

Building the 

receptor 
Docking 

analysis 

27 Fragment based method, Point 

complementary methods, 

Distance geometry method etc 

are the various algorithm used 

for  

Scoring 

function 
Docking 

analysis 

Score 

interpretatio

n 

Building the 

receptor 
Docking 

analysis 

28 The Search algorithm and 

Scoring function are the parts 

of  

Auto Docking Molecular 

Docking 

 

Rigid 

Docking 

Flexible 

Docking 
Molecular 

Docking 

 

29 Scoring function is used to 

predict the strength of  

Covalent 

interaction 

Ionic 

interaction 
Non 

covalent 

interaction 

Dipole 

interaction 
Non 

covalent 

interaction 

30 Scoring function is a  Mathematical 

method 

Computatio

nal method 

Physical 

method 

Mechanical 

method 

Mathematic

al method 

31 Scoring function is used to 

predict the strength of Non 

covalent interaction called as  

Bond order Binding 

affinity 

Bond energy Dissociation 

energy 
Binding 

affinity 

32 The intermolecular interaction 

between two proteins is 

studied by  

Molecular 

dynamics 

Monte carlo 

methods 
Scoring 

function 

Fragment 

based 

method 

Scoring 

function 

33 The intermolecular interaction 

between protein and DNA  is 

studied by 

Molecular 

dynamics 

Monte carlo 

methods 

Scoring 

function 

Fragment 

based 

method 

Scoring 

function 

34 The intermolecular interaction 

between protein and drug  is 

studied by 

Molecular 

dynamics 

Monte carlo 

methods 
Scoring 

function 

Fragment 

based 

method 

Scoring 

function 

35 Empirical Scoring function of vdW+Hbond+ vdW+Hbon vdW-Hbond vdW+Elec vdW+Hbon



Igemdock is given by Fitness= Elec d +Elec d+Elec 

36 Lock and Key is also called  Auto Docking Molecular 

Docking 

 

Rigid 

Docking 

Flexible 

Docking 

Rigid 

Docking 

37 Induced fit is also  Auto Docking Molecular 

Docking 

 

Rigid 

Docking 
Flexible 

Docking 

Flexible 

Docking 

38 Both the internal geometry of 

receptor and ligand is kept 

fixed and docking is 

performed in which docking? 

Auto Docking Molecular 

Docking 

 

Rigid 

Docking 

Flexible 

Docking 
Rigid 

Docking 

39 In which docking? An 

enumeration on the rotations 

of one of the molecules is 

performed. Every rotation the 

surface cell occupancy and 

energy is calculated and most 

optimum pose is selected. 

Auto Docking Molecular 

Docking 

 

Rigid 

Docking 
Flexible 

Docking 

Flexible 

Docking 

40 In receptor, How many active 

sites are present? 

1 2 3 Many Many 

41 For ligand preparation, ligand 

can be obtained from the data 

base like  

DB2 ZINC ORACLE ADABAS ZINC 

42 To select the ligand, which 

rule should be applied? 

Veber rule MDDR rule LIPINSKY’

S Rule 

BBB rule LIPINSKY’

S Rule 

43 Which rule states that ligand 

should not have more than 5-H 

bond donors? 

Veber rule MDDR rule LIPINSKY’

S Rule 

BBB rule LIPINSKY’

S Rule 

44 Which rule states that ligand 

should not have more than 10-

H bond acceptors? 

Veber rule MDDR rule LIPINSKY’

S Rule 

BBB rule LIPINSKY’

S Rule 

45 Which rule states that ligand 

should not have Molecular 

Veber rule MDDR rule LIPINSKY’

S Rule 

BBB rule LIPINSKY’

S Rule 



weight more than 500. 

46 For ligand preparation, ligand 

can be obtained from the data 

base like 

PubChem ADABAS IBMDB2 SQLite PubChem 

47 SCHRODINGER is the 

software for  

Auto Docking Molecular 

Docking 

 

Rigid 

Docking 

Flexible 

Docking 
Molecular 

Docking 

 

48 Interaction between 

biomolecules lie at the core of 

all metabolic processes and 

life activities. This called  

 

Auto Docking Molecular 

Docking 

 

Rigid 

Docking 

Flexible 

Docking 
Auto 

Docking 

49 The number of solved protein 

structures available in the 

databases is expanding 

exponentially in  

 

Auto Docking Molecular 

Docking 

 

Rigid 

Docking 

Flexible 

Docking 
Auto 

Docking 

50 Auto docking software is 

developed by 

Evan Miller 

group 
AJ Olson’s 

group 

Jo Erskine 

Hannay 

group 

Donald 

group 
AJ Olson’s 

group 

51 Simulated Annealing is the 

algorithm of  

 

Auto Docking Molecular 

Docking 

 

Rigid 

Docking 

Flexible 

Docking 
Auto 

Docking 

52 Protein-Ligand complexes are 

rapidly and accurately assessed 

in  

Auto Docking Molecular 

Docking 

 

Rigid 

Docking 

Flexible 

Docking 
Molecular 

Docking 

 

53 Which is used to rank these 

complexes and differentiate 

the accurate binding mode 

predictions from inaccurate 

predictions? 

Auto Docking Molecular 

Docking 

 

Rigid 

Docking 

Scoring 

function 

Scoring 

function 

54 Which is very helpful to 

screening libraries of 

Auto Docking Molecular 

Docking 

Rigid 

Docking 

Scoring 

function 

Scoring 

function 

https://ieeexplore.ieee.org/search/searchresult.jsp?searchWithin=%22First%20Name%22:%22Jo%20Erskine%22&searchWithin=%22Last%20Name%22:%22Hannay%22&newsearch=true
https://ieeexplore.ieee.org/search/searchresult.jsp?searchWithin=%22First%20Name%22:%22Jo%20Erskine%22&searchWithin=%22Last%20Name%22:%22Hannay%22&newsearch=true


compounds or individual 

compounds based on their 

binding mode and affinity? 

 

55 The scoring functions in 

literature developed for 

protein-ligand interactions is in  

Auto Docking Molecular 

docking 

Rigid 

Docking 

Flexible 

Docking 
Molecular 

docking 

56 Scoring functions have been 

categorized into how many 

different types? 

1 2 3 4 4 

57 Which scoring functions 

utilize parameters derived 

from both experimental and ab 

initio quantum mechanical 

calculations? 

Forcefield 

based scoring 

function 

Empirical 

scoring 

function 

Knowledge 

based 

scoring 

function 

Consensus 

scoring 

function 

Forcefield 

based 

scoring 

function 

58 Which scoring functions are 

based on counting the number 

of different types of 

interactions between two 

binding partners? 

Forcefield 

based scoring 

function 

Empirical 

scoring 

function 

Knowledge 

based 

scoring 

function 

Consensus 

scoring 

function 

Empirical 

scoring 

function 

59 Which scoring function 

attempts to capture knowledge 

about the  receptor (target) - 

ligand binding available in the 

protein data bank (PDB) by 

statistical analysis of structural 

data alone? 

Forcefield 

based scoring 

function 

Empirical 

scoring 

function 

Knowledge 

based 

scoring 

function 

Consensus 

scoring 

function 

Knowledge 

based 

scoring 

function 

60 Which scoring function was 

developed while considering 

the advantages of different 

scoring functions to achieve 

high accuracy? 

Forcefield 

based scoring 

function 

Empirical 

scoring 

function 

Knowledge 

based 

scoring 

function 

Consensus 

scoring 

function 

Consensus 

scoring 

function 

 
 



Sub.Code.18CHP105C                                                                                                                                                            Reg.No. 

KARPAGAM ACADEMY OF HIGHER EDUCATION 

(Under Section 3 of UGC Act 1956) 

COIMBATORE-641021 

PG  DEGREE EXAMINATION, SEP 2018 

(For the Candidate admitted from 2018 onwards) 

DEPARTMENT OF CHEMISTRY 

ODD SEMESTER 

I MSc CHEMISTRY 

INTERNAL EXAM-I 

Molecular Modelling & Drug Design  

Time: 2 hours                                                                                                    Maximum:50 Marks 

Date: 

PART A – (20X1 = 20 Marks) 

Answer All the questions 

1. Which is considered synonymous with quantum mechanics. 

      a. Theoretical chemistry b. Computational chemistry    

c.   Molecular mechanics             d. Molecular dynamics 

2.  The torsion angle for the staggered conformation of ethane is  

a. 90º  b. 180º  

c. 270º            d. 360º 

3.  Change in energy of the system can be considered as a movement on a         

     multi dimensional surface is called 

a. Internal energy            b. Minimum energy  

c. Energy surface             d. Kinetic energy 

4.  The software used for molecular modeling ranges from  

a. Single to highly complex         b. Single to medium   



c. Medium to highly complex d. Medium to highly 

5. Force field method also known as  

    a. Molecular mechanics   b. Molecular graphics  

    c. Electronic motion   d. Molecular energy 

6. The number of difference of valence angle in propane is 

    a. 12                                          b. 18   

    c. 16                                          d. 27 

7. The number of torsional terms in propane is  

    a. 6                                          b. 12  

   c. 18                                          d. 27 

8. The bond stretching and angle bending terms are often regarded as  

 a. Hard degrees of freedom  b. Simple degrees of freedom  

      c. Degrees of freedom            d. Complex degrees of freedom 

9. Some programs in molecular modeling is widely used and tested so they are considered as  

a. Gold standard              b. Silver standard  

c. International standard     d. Molecular standard 

10. Molecular modelling implies behaviour of molecules and  

 a. Atoms                         b. Molecular system  

      c. Ions                          d. Rotations 

11.  In molecular modelling CPK model is referred as   

 a. Cartesian Pole Kinetics              b. Core Push Key  

      c. Corey, Pauling and Kolthun           d. Critical Pressure Kinetics 

12. CPK model is also called 

 a. Remodelling                  b. Space creating model  

      c. Rotating model                 d. Space filling model 

13. The number of torsional terms in benzene is  



 a. 6  b. 18      c. 24 d. 30 

14. The electrostatic interaction is calculated by using  

 a. Coulombs law b. Faraday’s law     c. Hookes law d. Morse potential curve 

15. For a distribution of charges the dipole moment is given by 

 a. µ = πqiri   b. µ = qiri   

  c. µ = qiri
2   d. µ = qi/ri   

16. The Lennard Jones potential is characterized by an attractive part that varies as  

 a. r-2               b. r-4  

      c. r-6                       d. r-12 

17. The Contact surface is the region where the probe is in actually contact with the  

a. Vander waal’s surface of the target           b. Molecular surface    

c.  Water molecule                                  d. Accessible surface  

18. Encyclopedia for computational chemistry by Schleyer et al was released in the year 

a. 1990                               b. 1998  

c. 2002                              d. 2010 

19.  In propane, the number of H-C-C-H torsion is  

 a. 6                  b. 12      c. 18 d. 14 

20 In propane, the number of H-C-C-C torsion is  

       a. 6                  b. 12      c. 18 d. 14 

Part B    (3x2 = 6 Marks) 

Answer All the questions 

21. Define Coordinate system. 

22. What is called Energy surface? 

23. Write the Morse potential equation for bond stretching. 

 

 

 



Part C   (3x8 = 24 Marks) 

Answer All the questions 

24 a)   Write the concepts involved in molecular modelling.  

                                                (OR) 

      (b) ) Explain the coordinate system for staggered conformation of ethane  

25 a. Write about CPK models. 

(OR) 

      (b).Discuss about Computer software involved in molecular modeling. 

26 (a). Explain angle of bending by Hooke’s law. 

                                                             (OR) 

      (b). Explain about central multipole expansion. 
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PART A – (20X1 = 20 Marks) 

Answer All the questions 

1. Theoretical chemistry 

2. 180º 

3. Energy surface 

4. Single to highly complex         

5. Molecular mechanics 

6. 18 

7. 18 

8. Hard degrees of freedom 

9. Gold standard 

10. Molecular system 

11. Corey, Pauling and Kolthun           

12. Space filling model 

13. 24 

14. Coulombs law 

15. µ = qiri   

16. r-6                        

17. Vander waal’s surface of  the target 

18. 1998 

19. 12 

20. 6 



21.    Define Coordinate system. 

  To specify the position of atoms and / or molecules in the system to a modeling program. 

There are two common way, one is to specify the cartesian (x,y,z) coordinates of all the atoms 

present. The alternative is to use internal coordinates, in which the position of each atom is 

described relative to the other atom in the system. Internal coordinates are usually written as a Z-

matrix. 

22.  What is called Energy surface? 

  Changes in the energy of a system can be considered as movements on a 

multidimensional surface called the energy surface. 

23.   Write the Morse potential equation for bond stretching. 

  The Morse potential equation for bond stretching is v(l) = De{1-exp[-a(l-l0)]}
2 

Part C   (3x8 = 24 Marks) 

                       Answer All the questions 

24a.  Write the concepts involved in molecular modeling. 

 

 



 

 

24b. Explain the coordinate system for staggered conformation of ethane. 

 

 

 



 

 

 

 

 

 

 

 

 



 

25a.  Write about CPK models. 

 

 



 

25b. Discuss about Computer software involved in molecular modeling. 

 

 

 

 

 

 



26a. Explain angle of bending by Hooke’s law. 

 

 

 

 

 

 

 

 

 



26b. Explain about central multipole expansion. 
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PART A – (20X1 = 20 Marks) 

Answer All the questions 

1. Comparative modeling is  

 a. Homology modeling and Threading 

      b. Computational modeling and Theoretical modelling 

c. Threading and Theoretical modelling 

d. Homology modeling and Computational modeling 

2. Homology modeling needs sequence identity of  

a. >30%                 b. < 30%  

c. 10-20%                 d. 1-10% 

 

3. In Homology modeling, the accuracy of the results depends on  

a. Sequence similarity       b. Aminoacid  



c. Protein                               d. Folding 

 

4. Real protein fold over a time scale of  

a. 10,000 secs                  b. 0.1-1000 secs  

c. 1014secs                      d. 1000-5000secs 

5. The term CASP means 

 a. Crystal Analysis Structure Prediction           

      b. Critical analysis of structural protein   

        c. Critical Assessment of protein Structure Prediction    

     d. Critical Assay Structural Protein 

6. In arrangement of protein sequences which one will work well. 

 a. Homology modelling                b. Computational modelling         

      c. Threading                          d. Theoretical modelling 

7. Threading is an 

a. Wave function b. Energy function  

c. Interaction d. Isolation 

8.In protein threading, the total energy is given by  

 a. Ep+Es                                b. Ep+Es+Eg  

      c. Ep+Eg                               d. Es+Eg 

9. To determine the 3D structure of target protein which one is the best 

 a. X-ray crystallography         b. Homology modelling  

   c. NMR                                 d. IR 

10. In Homology modeling, which software is used as best. 

a. SWISS MODEL b. SWISS Prot  c. MOE d. GPMAW 

11. The substance possessing distinct functional group and biological activity is called 



a. Pharmacophore               b. Chromophore  

c. Auxochrome                         d. Chemiluminesence 

12. The term pharmacophore was called as receptive substance by 

a. Ehrlich b. Langley c. Fischer d. Marshall 

13. An example for Pharmacophoric group is  

a. Cyanamide                                   b. Toluamide 

c. Sulfonamide                                d. Acetamide 

14. The term lock and key concept is designed by  

a. Ehrlich     b. Fischer          c. Kier                  d. Marshall 

15. Who have pioneered the development of Pharmacophore concept and the application   

       in SAR? 

a. Ehrlich    b. Kier and Marshall    c. Fischer    d. Langley 

16. Based on initial SAR consideration simple 2D moleules was introduced in the year  

a. 2010    b. 1990 c. 1940   d. 1920 

17. Which one is considered as tools for the discovery of novel molecules. 

      a. Enzymes   b. Pharmacophores c. Receptors    d. Nucleicacids 

18. Which is a computational procedure for determining energetically favourable binding  

      sites on molecules of known structure. 

a.GRID             b. QSAR     c. QSPR              d. FlexX 

19. Who introduced the concept Magic bullet? 

 a. Fischer b. Ehrlich c. Kier          d. Marshall 

20. The Lock and Key mechanism is for  

           a. Protein complex                                                      b. Aminoacid  

            c. Enzyme-Substrate complex            d. Polypeptide 

Part B    (3x2 = 6 Marks) 



Answer All the questions 

21. What is Homology modeling?. 

22. What is CASP? 

23. What is Pharmacophore? 

 

 

Part C   (3x8 = 24 Marks) 

Answer All the questions 

24 a) Discuss about super position of protein using different tools. 

                                       (OR) 

      (b) ) Discuss about hydrophobicity factor. 

 

25 a. Write the steps involved in Molecular mechanics. 

(OR) 

      (b). Discuss about Fischer lock and key mechanism. 

 

 26 (a). Discuss about pharmacophore model generation software tool. 

 

                                                             (OR) 

      (b). Discuss about Protein conformation. 
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PART A – (20X1 = 20 Marks) 

Answer All the questions 

1. Homology modeling and Threading 

2. >30% 

3. Sequence similarity 

4. 0.1-1000 secs 

5. Critical Assessment of protein Structure Prediction    

6. Homology modeling 

7. Energy function 

8. Ep+Es+Eg 

9. Homology modeling 

10. SWISS MODEL 

11. Pharmacophore 

12. Langley 

13. Sulfonamide 

14. Fischer 

15. Kier and Marshall 

16. 1940 

17. Pharmacophores 

18. GRID 



19. Ehrlich 

20. Enzyme-Substrate complex 

Part B    (3x2 = 6 Marks) 

Answer All the questions 

21. What is Homology modeling? 

  Homology modeling, also known as comparative modeling of protein is the 

technique which allows to construct an unknown atomic-resolution model of the "target" 

protein from: 

1. its amino acid sequence and 

2. an experimental 3Dstructure of a related homologous protein (the "template"). 

Homology modeling relies on the identification of one or more known protein structures 

likely to resemble the structure of the query sequence, and on the production of an 

alignment that maps residues in the query sequence to residues in the template sequence. 

22. What is CASP? 

  CASP is Critical Assessment of protein Structure Prediction,  It is a community-

wide, worldwide experiment for protein structure prediction taking place every two years 

since 1994. CASP provides research groups with an opportunity to objectively test their 

structure prediction methods and delivers an independent assessment of the state of the 

art in protein structure modeling to the research community and software users. 

23. What is Pharmacophore? 

  The substance possessing distinct functional group and biological activity is 

called Pharmacophore. 

Part C   (3x8 = 24 Marks) 

Answer All the questions 

24a. Discuss about super position of protein using different tools. 

Superposition (fitting) of protein structures 

For models within structural ensembles, in order to reflect internal motions of proteins, it 

is necessary to have more or less the same orientation in space. This is most often achieved by 

fitting the models on each other or on a given model. 

1. Least square fit 

The superposition of two sets of identical atomic positions can be formulated in a mathematical way as 

the problem to minimize the RMSD or the weighted RMSD between them. In this case, for two sets of 

centered atomic positions ri and r’i such a rotation matrix R is needed, that minimizes RMSD: 

 

https://en.wikipedia.org/wiki/Protein_structure_prediction


Any operation that results in an appropriate R is generally called as least square fit.  

In the following, the not weighted RMSD minimization is discussed. 

2. Kabsch algorithm 

One of the many and one of the earliest algorithms for achieving a mathematically exact solution 

for minimum RMSD is described by Wolfgang Kabsch in 1976.  

Two sets of centered atomic positions is given: ri and r’i. If the points are not centered, it is 

important before the operation to translate them in a way that their average coincides with the 

origin.  

In the following, the 3x3 rotation matrix R is needed that rotates the points of r’i into ri.  

As the first step, Nx3 matrixes P and Q are produced, that contain the coordinates of ri and r’i as 

row vectors, respectively. 

 

Then, cross-covariance matrix A is calculated as 𝐀 = 𝐏T 𝐐 

The rotation matrix is given as 

𝐑=(𝐀T𝐀)1/2𝐀−1 

However, A is not guaranteed to have an inverse. To account for all special cases, singular value 

decomposition (SVD) of matrix A is carried out. 

𝐀=𝐕𝐒𝐖T 

This way, the rotation matrix R is given as 

 

Where  =sign(det (𝐖𝐕T)) 

3. Implementations of least square fit 

Fitting two or more protein models on each other, needless to say, requires an exact 

definition of the subset of atoms used for the fitting.  



In a structural ensemble, the models may be fitted to any of the models (e.g. the first 

one), or to the mean structure. The difference is significant, since least square fit guarantees 

minimal RMSD only if it is calculated the same way as the fitting has been carried out. That is, 

pairwise RMSD, for example, is not guaranteed to be minimal if all the models are fit to the first 

model. Similarly, if all the models are fit to the first model, the RMSD relative to the mean 

structure is not guaranteed to be minimal.  

In some cases, a rotation matrix R for minimizing weighted RMSD is searched for. The 

above described version of the Kabsch algorithm is not capable of yielding such rotation matrix. 

Instead, one should implement the algorithm described by McLachlan in 1979.  

4. Iterative fitting 

The mean structure of a protein ensemble clearly changes after fitting the ensemble. This 

also modifies the overall RMSD relative to the mean structure. To guarantee minimal RMSD, the 

fitting to the mean structure is carried out in an iterative way, and the mean structure is 

recalculated in each step of the iteration.  

In some other cases, it is necessary to decide which regions of the proteins should be 

considered in fitting. Flexible regions for example would spoil the purpose of fitting and impede 

obtaining a low RMSD value. To avoid such ambiguity, local RMSD may be calculated after 

fitting, and after deciding, which residues have too high RMSD, the may be left out from the 

following step of the iterative fitting. Such automatic mechanism is not implemented in PDB 

Fitter, since decision about rather flexible than static region requires thorough consideration. 

24b. Discuss about hydrophobicity factor. 

  It is generally accepted today that the hydrophobic force is the dominant energetic factor 

that leads to the folding of polypeptide chains into compact globular entities. This principle was 

first explicitly introduced to protein chemists in 1938 by Irving Langmuir, past master in the 

application of hydrophobicity to other problems, and was enthusiastically endorsed by J.D. 

Bemal.  

Being a more tangible idea, directly expressed in structural terms, the cyclol hypothesis 

received more attention than the hydrophobic principle and the latter never actually entered the 

mainstream of protein science until 1959, when it was thrust into the limelight in a lucid review 

by W. Kauzmann.  

  A theoretical paper by H.S. Frank and M. Evans, not itself related to protein folding, 

probably played a major role in the acceptance of the hydrophobicity concept by proteinchemists 

because it provided a crude but tangible picture of the origin of hydrophobicity per se in terms of 

water structure.  



A “like to like” mechanism as an important factor in hydrocarbon segregation. In micelle 

or bilayer formation, where one is dealing with solute molecules that are homogeneous or nearly 

so, with very long aliphatic hydrocarbon chains, this concept (perhaps lining up in parallel) has 

some intrinsic appeal. In applying the idea to proteins, “like to like” lacks any such plausibility: 

the non-polar moieties of protein amino acid side chains are not only short in length, but some 

are aliphatic and some aromatic. Furthermore, they are all mixed up with polar groups along the 

polypeptide chain, rather than neatly segregated.  

State of knowledge of protein structure 

There was intense interest in protein chemistry because proteins were seen to control a 

huge variety of biological processes: enzymatic activity, antibody specificity, oxygen binding, 

and even genetics and inheritance. Most people still thought that proteins were the carriers of 

genetic information, proved it was DNA and many people were not finally convinced until the 

“Waring Blender” experiments of Hershey and Chase. It was established that proteins consist of 

long chains of aminoacids in peptide linkage and that free amino and carboxyl groups carry 

actual ionic charges at neutral pH (and that these groups in proteins behave normally in response 

to changes in pH, much as they do in amino acids and other small molecules). Molecular weights 

were known for many proteins-often (e.g., for hemoglobin) quite accurate in the light of modem 

definitive values. The distinction between “fibrous” and “globular” proteins was established and 

a considerable number of the latter were being obtained in crystalline form. It was understood 

both from physical measurements in solution and from crystallographic results that the globular 

proteins were folded tightly into small compact particles. The phenomenon of protein 

“denaturation” was known and fitted into this picture as an unfolding of the tight globular 

structure. 

In the case of protein folding, the hydrophobic effect is important to understanding the 

structure of proteins that have hydrophobic amino acids (suchas glycine, alanine, valine, leucine,  

isoleucine, phenylalanine, tryptophan and methionine) clustered together within the protein. 

Structures of water-soluble proteins have a hydrophobic core in which side chains are buried 

from water, which stabilizes the folded state. Charged and polar side chains are situated on the 

solvent-exposed surface where they interact with surrounding water molecules. Minimizing the 

number of hydrophobic side chains exposed to water is the principal driving force behind the 

folding process, although formation of hydrogen bonds within the protein also stabilizes protein 

structure.  

The energetics of DNA tertiary structure assembly were determined to be driven by the 

hydrophobic effect, in addition to Watson-Crick base pairing, which is responsible for sequence 

selectivity, and stacking interactions between the aromatic bases.  

In biochemistry, the hydrophobic effect can be used to separate mixtures of proteins 

based on their hydrophobicity. Column chromatography with a hydrophobic stationary phase 

such as phenyl-sepharose will cause more hydrophobic proteins to travel more slowly, while less 

hydrophobic ones elute from the column sooner. To achieve better separation, a salt may be 
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added (higher concentrations of salt increase the hydrophobic effect) and its concentration 

decreased as the separation progresses.  

25a. Write the steps involved in Molecular mechanics. 

1)Topological properties: description of the covalent connectivity of the molecules to be 

modeled 

 

2) Structural properties: the starting conformation of the molecule, provided by an X-ray 

structure, NMR data or a theoretical model 

 

3) Energetical properties: a force field describing the force acting on each atom of the 

molecules.  

 

4) Thermodynamical properties: a sampling algorithm that generates the thermodynamical 

ensemble that matchese experimental conditions for the system, e.g. N,V,T , N,P,T, ... 

 



25b. Discuss about Fischer lock and key mechanism. 

  There is a relation between the unknown structure of an active enzyme and that of 

substrate, they are complementary and the one may be said to fit the other as a key fits a lock.” 

Fischer’s Lock and Key Model Previously, the interaction of substrate and enzyme was 

visualized in terms of a lock and key model (also known as template model), proposed by Emil 

Fischer in 1898. According to this model, the union between the substrate and the enzyme takes 

place at the active site more or less in a manner in which a key fits a lock and results in the 

formation of an enzyme substrate complex as shown below. 

  

     In fact, the enzyme-substrate union depends on a reciprocal fit between the molecular 

structure of the enzyme and the substrate. And as the two molecules (that of the substrate and the 

enzyme) are involved, this hypothesis is also known as the concept of intermolecular fit. The 

enzyme-substrate complex as shown below is highly unstable and almost immediately this 

complex decomposes to produce the end products of the reaction and to regenerate the free 

enzyme. The enzyme-substrate union results in the release of energy. It is this energy which, in 

fact, raises the energy level of the substrate molecule, thus inducing the activated state. In this 

activated state, certain bonds of the substrate molecule become more susceptible to cleavage. 

Evidences Proving the Existence of an ES Complex: 

The existence of an ES complex during enzymatically-catalyzed reaction has been shown in 

many ways : 

1. The ES complexes have been directly observed by electron microscopy and x-ray 

crystallography. 

2. The physical properties of enzymes (esp., solubility, heat sensitivity) change frequently upon 

formation of an ES complex. 

3. The spectroscopic characteristics of many enzymes and substrates change upon formation 



of an ES complex. It is a case parallel to the one in which the absorption spectrum of 

deoxyhemoglobin changes markedly, when it binds oxygen or when it is oxidized to ferric 

state. 

4. Stereospecificity of highest order is exhibited in the formation of ES complexes. For example, 

D-serine is not a substrate of tryptophan synthetase. As a matter of fact, the D-isomer does 

not even bind to the enzyme. 

5. The ES complexes can be isolated in pure form. This may happen if in the reaction, 

                                        

the enzyme has a high affinity for the substrate A and also if the other reactant B is absent from 

the mixture. 

6. A most general evidence for the existence of ES complexes is the fact that at a constant 

concentration of enzyme, the reaction rate increases with increase in the substrate concentration 

until a maximal velocity is reached. 

26a. Discuss about pharmacophore model generation software tool. 

 

 



 

 

 



 

 



 

 

 

26b. Discuss about Protein conformation. 

      Importance of Proteins 

Muscle structure depends on protein-protein interactions 

Transport across membranes involves protein-solute interactions 

Nerve activity requires transmitter substance-protein interactions 



Immune protection requires antibody-antigen interactions 

Overview of Protiens 

It has  

Primary Structure 

Secondary Structure 

Tertiary Structure 

Quaternary Structure 

 

Primary Structure 

Polypeptide chains  Amino Acids 

Largest polypeptide chain approx has 5000AA but most have less than 2000AA 

Amino Acid Basic Structure H2N-CH-COOH 

Arrangement of the 20 amino acids in the polypeptide is the amino acid sequence which 

composes the primary structure of the protein 

Primary Structure 

It is a native protein 

Protein conformation & problem of protein folding 

 Hydrophobic, hydrophilic 

 Charge 

 Chaperones 

Special Purpose Amino Acids 

Proline  

Protein Secondary Structure 

Regular local structures formed by single strands of peptide chain due to constraints on 

backbone conformation 

Peptide Bond 

Resonance  

C-N bond length of the peptide is 10% shorter than that found in usual C-N amine bonds 

Peptide bond planer  

ω, angle around peptide bond,   

 00 for cis, 1800 for trans 

Tertiary Protein Structure 

Defines the three dimensional conformation of an entire peptide chain in space 

Determined by the primary structure 

Modular in nature 

Aspects which determine tertiary structure 



Covalent disulfide bonds from between closely aligned cysteine residues form the unique 

Amino Acid cystine. 

Nearly all of the polar, hydrophilic R groups are located in the surface, where they may 

interact with water 

The nonpolar, hydropobic R groups are usually located inside the molecule 

Motifs and Domains 

Motif – a small structural domain that can be recognized in a variety of proteins 

Domain – Portion of a protein that has a tertiary structure of its own.  In larger proteins 

each domain is connected to other domains by short flexible regions of polypeptide.   

Quaternary Structure 

Not all proteins have a quaternary structure 

A composite of multiple poly-peptide chains is called an oligomer or multimeric  

Hemoglobin is an example of a tetramer 

Globular vs. Fibrous 

Protein folding constitutes the process by which a poly-peptide chain reduces its free 

energy by taking a secondary, tertiary, and possibly a quaternary structure 

Thermodynamics 

Proteins follow spontaneous reactions to reach the conformation of lowest free energy. 

            Reaction spontaneity is modeled by the equation ΔG= ΔH-TΔS. 
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