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Structural and Computational Biology

STUDENTS LEARNING OUTCOMES (SLO’s)

" Define structural biology.

After studying this unit, the students will be able to @

Explain that structure determination of biomolecules are important. O

Describe how X-ray crystallography works. : , ( ?
Outline the online databases where biomolecule structures ar%al. e

Define sequence homology.

Define structural homology. : %\C)

Describe computational biology. | . @
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e the applications o

3 f structura) biology. (Question from chapter Exercise and is explained in Long
pesc umber 1 to 5).

tion
aues . Y
1. Whatis Structural Biology and what kind of information d

oes it provide about macromolecules?
strﬁctural Biology
S.

A"fnition:Structural biology i§ a specialized branch of biology that deals with the study of three- nsional (3D)
pe Itures of macromolecules, incly ing proteins and nucleic acids, at the atomic level. This disci s & fee
(i understanding the fundamental arct

in
{Cz:maﬁon Provided by Structural Biology
In

structural biology provides detailed and in-de

pth information about various aspects iognolecules:
, Structure: It reveals the precise 3p arrangement of atoms in a macromolecule. R -
, Function: It helps in understanding how the shape and structure of a molecilg.r to its specific biologica
function. ' , .
» Dynamics: It explains the movements ang conformational changes of gaac ecules under different
conditions. . a\
+ Interaction: It sheds light on how biomo|

molecules) and other

" macromolecules, which is essential for pr DNA replication, and signal

ocesses such as enzyme agtiyi
transduction. ‘i

2. How does structural biology help in determinjng ac %&s and domains of macromolecules?

uns. Role of 3D Structures in Idéntifying Functional Region

One of the primary applications of structural biol
macromolecules such as proteins and nucleic acids. Stru rc%
structures at the atomic level,

determining the . active sites and domains of
iblogists use advanced techniques *o visualize these

Active Sites: These are specific regions on a protej ere substrate molecules bind and undergo a chemical
reaction. , ' ;
* Domains: These are distinct structural units w@ya protein, each having independent and specific functions.

Bamples of Functional Identification (b

¢ Inthe enzyme HIV-1 reverse transc » structural studies have helped in identifying:
o -The polymerase doma sible for synthesizing DNA.

in
o The RNase H domain, @b aks down the RNA strand of RNA-DNA hybrids.

- Understanding the precise locati nd structure of these domains has significantly. contributed to the
development of antiviral d at specifically target them. :

* " Inserine Proteases, the 3D stadcture reveals a well-defined.
Peptide bonds. Knowledge of such active sites is essential f
Polymerase T(;luclg.ase

domain QAR

active site that is responsible for breaking
or designing enzyme inhibitors.
- Active site

() : (b)

i ; i tease
Fig.7. 1: (a) 3D structure of HIV-1 reverse transcriptase: (b) 3D structure of serine prote
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@ How does structural biology assist in identifying drug targets for disease treatment?

Ans, Understanding Drug Targets

d Structural biology plays a vital role in the field of medical research, Panicularly i” drug disco
:"ﬂopment It enables scientists to identify potential drug targets—typically proteins involveq
P Ocesses—by studying their 3D structures. '

A drug target is 5 specific molecule in the body, often a protein, to which a drug binds i to bring aboy
therapeuti¢ effect. )

- The detailed structural information allows researchers to identify binding sites 0 rugs can attacy, ang
Inhibit the function of the disease-causing molecule.
ID ;;

Very ang
N disey,

Application in COVID-19 Research
A notable example is the study of SARS-CoV-2, the virus responsible for "

.Scientists used structural biology to examine the spike protein of the vi ich plays a crucial rale jn helpin.
the virus enter human cells. X |

Knowing the 3D structure of the spike protein enabled scientists to i@ it as a key drug target.

This information facilitated the design of vaccines and antivi \ at can block the spike protein, theres,

. . . /
preventing the virus from infecting more cells.

4. How does structural biology help in understand@ -pathogen interactions?

Ans. Insights into Host-Pathogen Interactions 3
Structural biology is an essential tool for understa -Mew pathogens such as viruses and bacteria irterac
with the host organism. These interactions are central t ction and disease progression.
* By analyzing the 3D structures of both path olecules and host cell receptors, scientists can obsne

how a pathogen attaches to and enter&ho JIs. :
* This process is known as host-pathoge raction, and understanding it is crucial for developing
therapeutic interventions. ‘ ¢

Example of Coronavirus ' ? . '
A practical example is the interacti@ een the spike protein of the coronavirus and a receptor protein on

human cells:- ‘ :
e The spike protein on the vi @s to a specific receptor on the surface of human cells, facilitating virai entry
e Structural biology studies @ revealed the exact mode of this binding interaction.

Based on this informati Stists can design drugs that bind to the receptor proteins and block the vins
from entering the cell, thus iting infection. - -

L\

Fig. 7.2: Mechanism of corona virus binding with receptor of human cell.
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:/ f 5' diseaSES?
; A ing and Its Importance
/|
prot®  nust
i otein® Uf rotei
paI folding © ’p

Through Structural Biology

L misfolding )
ides essential insights into:

§ i
: ders“:wral piology ProV :
(ding pathwa s of prqtemsz

hanisms of misfolding an
s by Protein Misfolding

' d
causé :
25 yman diseases are

$
fi Sevefalh :
cystic fibrosis
arkinson’s Eheenst .
45 eimer’s disease
ding how misfolding

! derstah
in
quﬁc strategies 10 correct

cxsoi'ders'

or prevent such misfolding,

WA

what role does structural biology play in j dentifying
Protein m
isfold;

fold into specific t_hree-dimensional shapes to perf
ns can result in loss of function or toxic gain 2;Tu:‘hetir b
ction

occurs at the molecular level, structural biolog @
offering hope for tre

nNg an
d its relation o

1ological functio

b A
» Which is assqc; S- Incorrect of

ated with Severa)

d how these i-«d to the development of diseases.

caused by misfolded proteins, including:

ds In the development of
emt’and prevention of these

O

Wlogy primarily study?
A .

chemical reactions ’
:)) 0 structures Of macromoleculesv”

 Blood cell formation D) Genetic mutations
which of the following is NOT typically studied in

; structural biology? P
) Protein structures B) Nucleic acid structures

() Cellular respiration v D) Ligand interactions
: structural biology provides insights at which Ievt

A) Molecular B) Cellular
Lo}

) Atomic D) Organism
What can be determined by studyin
structure of a protein? \
#) Temperature tolerance B) pH bala [b
() Active sites and domains Q ’
D) Color of molecule
i, What are domains in protein
A) Genetic mutations ' %lons of lipids
0 Structural units with indeperfdent functions v’
D) pH-sensitive areas
L Which enzyme's domains were identified using
structural biology_ in HIV research?

A Hemoglobin
B hIV-1 reverse transcriptase\/
y ?hSNA polymerase D) Pepsin
"'nscn?:g,me,:ase : domain of HIV-1 reverse
A Breakin gl : A
0 rormmglRNA B) Synthesizing DNAYV”
1 N 9 lipids D) Protein degradation
i H domain is responsible for:
3 Q;Arg proteins
i Srang dearadationy”

Sy

A Smithes g 5
T— D) Lipid m-. (abolism

What loestﬁe active site of serine pl;oteases do?
IN eins ' ,

Mak peptide bondsv” "o
D) Transport oxygen

structural biology in medicine?
B) Protein synthesis

Q ate glucose
& ich of the following is a major application of

) 1.

12.

13.

14.

15.

16.

A) Photosynthesis

C) Drug design\/ D) Cell division

A drug target is usually:

A) A DNA molecule B) A protein\/
C) A carbohydrate D) A lipid .

How does structural biology help in drug design?

A) By modifying hormones

B) By identifying the chemical bonds
C) By showing 3D structures of drug targets-
D) By increasing blood flow

What protein was studied in COVID-19 to develop

drugs? .
A) Hemoglobin B) Actin
C) Spike protein v D) Myosin

What does the spike protein of SARS-CoV-2 do?

A) Helps virus replication
B) Prevents immune response

. C) Enables viral entry into human cellsy”
D) Breaks down proteins .
What is meant by host-pathogen interaction?
A) Virus replication B) Drug response
C) Interaction between pathogen and host cells
D) Cell signaling

Which tools help
interactions at atomic level?

A) Light microscopy

visualize host-pathogen
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B) Folding pathways and errorsy”

oy . i D)D
B) Structural biology technique 5_'/ N C) Protein cof.or . ) )- NA Sequence,
€) Blood tests O O reasptSt 25. Which tachnique ls essentlal in strucyypy
17.  Which viral component binds to the reccp A) MRI B) CT scan, o
" protein on human cells? C) %-ray crystallography v
:) Viral DNA B) Spike proteiny” D) Ultrasound
C) Lipid envelope D) Capsid 26. Ligands in structural biology are.
tor can: _ .
. ";"tp n B) Cause protein synthesis A) Membrane ' B) Hormone
A) Increase infectio C) Molecules that bind to "r'ac")m'fxlf-cujlng/

tic code
) Stop viral entry v’ D) Alter genetic ¢ D) Organs

: functionality?
19.  What is essential for protein func y 27. Why is 3D structure important for

B) Water availability ""d'mandh

A) Temperature . function?
i tein .
©) Correct foldingy” D) Size of pro A) It sh i i
shows 5
B e e ) chemical reactions
J ro B) It reveals move

A) Immunity B) Diseasesy’
) Q) Shape detergfinBghow a molecyle Works

D) Energy production

C) Photosynthesis )
21. What field helps understand protein misfolding? D) It gives c@ olecules
A) Biophysics B) Structural biology v 28. Structural y contributes most to.
C) Ecology D) Biotechnology A) Envirgnmantal science  B) Disease diagnesis
22. Which of the following diseases is associated with Cridolecttaf drug developmenty”
protein misfolding? D)LAdwgutural planning
A) Malaria B) Parkinson'sv” 29.¢ misfolding often results in:
Q) Influenza D) Diabetes Type 1 . \ gher energy levels
23. Alzheimer’s disease is linked to: ) Inactive or harmful proteinsy”
A) Viral infection B) Nutritional deficiency \ C) Rapid healing D) Enzyme activation
C) Misfolded proteinsy” D) Overhydration . Structural biology allows scientists to:
24. What does structural biology reveal about A) Predict weather B) Grow crops
misfolding? C) Visualize molecules in 3Dy
A) Folding temperature D) Study population growth

1. What does structural biology,study? ) = -

Ans. Structural biology studies the®thre®&-dimensional (3D) structures of macromolecules such as proteirs
and nucleic acids. It investigates th@ uctures at the atomic level to understand their function an
interactions. b |
2.  Why is the 3D structure of mac cules important? ,

Ans. The 3D structure reveals the pre@hape,énvironment, and arrangement of atoms in a biomolecule. This heips
in understanding how it funcfions and interacts with other molecules.

3. What kind of informati structural biology provide about biomolecules? '

Ans. Structural biclogy pr detailed insights into the structure, function, dynamics, and interactions &
biomolecules. This in ion is crucial for understanding biological processes at the molecular level.

4. What are active s@ oteins? _
Ans. Active sites are”qi! ¢ regions in proteins where ‘substrate molecules bind to carry out a chemical reacte
These sites ar%n | for the protein's biological function.
5. What are domaifis in macromolecules? »
Ans. Domains are distinct structural units within macromolecules that often perform independent functions £ac?
domain typically has a specific role in the overall activity of the molecule.
6. How does structural biology help identify active sites and domains? ' _—
Ans. By analyzing the 3D structures of proteins, scientists can locate the exact position and shape of active sites w
domains. This knowledge aids in understanding-how these regions contribute to function.
7. How did structural biology help in studying HIV-1 reverse transcriptase? . helped
Ans. It .revs_ealed the locations of the polymerase domain and RNase H domain within the enzyme. This he
scientists design antiviral drugs that specifically target those domains.
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e role of the active site in serine proteases?

hat js th i ine proteases is responsible i :
“s e aCthec?I"itce allr:ds er':en‘t)ial for the enzyzw's funcftci,;ntf'eakmg Pepiide bonds. Structural Studies sh ’
M pighly Spedrug target in medical research? it
atisd otisas pecific molecule, usually a protein, involved in a disease process
4 A drug e ifying drug targets is crucial for designing effective treatments. ¢ that a drug can bind te ang
pnS: iahibit |dentl I biology help in identifying drug targets?

How does Stm‘-:wraBD images of disease-related proteins, helping scientists identify binding si
105 detailed 3D 1Mag y binding sites for potential

it prov! heis allows for the rational design of molecules that can inhibit disease progression,

drug* I structural biology used during the COVID-19 pandemic?

" wv.v” wdied the spike protein of SARS-Ci:V-2 to underlstand how it enters human cells. The structural data
entists S g target for vaccines and therapeutic drugs.

Scier . ntify it as a dru
;. itasa
* helped o ike protein in SARS-CoV-2?

function of the sp ) . )
what i; t|;;en')tein enables the virus to attach to and enter human cells. Blocking this &can stop the virus
he S ke .

ding in the body.
hogen interactions?
- i ctions refer to how disease
athogen intera _ . :
' r:;s}t;zt's cells. Understanding these interactions
, | biology contribute tQ unde

0.
s

M om sprea

what aré host-pat ria, attach to and affect

-causing organisms, like viruses
helps in developing targeted treatrpents.

does structura rstanding host-pathog jntgractions?
' ::uows scientists to visualize how pathogen proteins interact with h.osr% ceptors at the molecular level.

This helps in designing drugs that can block these interactions. ‘ \
. iral infections? '
t role do human cell receptors play in vira . o _ _
15. ::::ptors on human cells act as entry points for viruses like S N “Structural biology helps identify these
" receptors and how they interact with viral proteins. g '

. How can blocking 2 receptor prevent viral infection? Q s o
us. ff 2 drug binds to the receptor and blocks it, the virus can ach or enter the host cell. This interrupts the

infection cycle and reduces the spread of the virus. ) s n -
1. Why is protein folding important? , . ‘_ S .
s, Correct folding is essential for a protein’s functio® ) isfolded proteir}s can lose their function or become

toxic, leading to various diseases.
8. How does structural biology help in understa ﬁb g protein misfolding?
T mechanisms that lead to misfolding. This understanding is

s It provides insights into the folding pathw{ap
important for finding ways to prevent or Qj hese errors.

1. Name some diseases caused by pro folding.
hns, Disea_s_es like cystic fibrosis, ParkinsgQ's ase, and Alzheimer's disease are
i ;ondmons result from proteins no ving their proper shapes.
. U:;;:nl:’?owleegfe of protei@ ding help in medicine?

dpigol tggt ;nc;;rzldmg esearchers 'dev_elop therapies to correct or prevent it. This can lead to
i dress th% cause of certain diseases. : '

7.2 X-RAY CRYSTALLOGRAPHY |

linked to protein misfolding. These

g
6. Whatic ' ' :
at is X-ray Crystallography and What is Its Historical Significance and Applications?

MS. |m ) .
5 f;;d:yc::::; to X-ray Crystallography
e, Yotallography B : ,
l&chr::'n (¢ Bragg, Fol'g t:z::-y I:oa S;LentgﬁF techmq-ue quEIOPEd in 1912 by William Henry Bragg and his son William
o V€ has gica fevolutigo ni::;d Leakmg contribution, they were awarded the Nobel Prize in Physics in 1915. The

finciple the field of structural analysis of matter. ‘
g, Y Crystall

ord; Ogra h i . 1 ‘ [
Uiffract g X-ra ;s 1{1: :e..:'m of X-rays is directed at a crystal. The atoms and molecules within the crystal
pecific, predictable directions. This diffraction results in a‘pattern from which scientists

term;
n
€ arrangem
en
t of atoms. By analyzing the angles and intensities of th--< diffracted beams, & three-
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dimensional (3D) image of the electron density within the crystal is produced. The resulting electron density map i

then used to construct the 3D structure of the molecule.
Applications of X-ray Crystallography
X-ray crystallography has a broad range 0
e Minerals and salts
e Metals
« Biomolecules like proteins, carbohydrates,
« Vitamins and other small molecules . )
Its primary significance lies in revealing atomic-level details about the.structure of substances, which is essentj,
in fields like biochemistry, pharmacology, and materials science.

g{: How is X-ray Crystallography Used to Determine Protein Structure?

reliable techniques for determining the 3D structure of proteins
| sequential steps, each of which crucial role in deriving

f applications in science and industry. It is used to study:

and nucleic acids

Ans. X-ray crystallography is one of the most
atomic resolution. The process involves severa
structural information.

Step 1: Protein Crystallization s = 3 coli '
' The first step is protein crystallization, where 2 purified protein is CONYETLE to a solid crystal form. Crysty

are necessary because they organize protein molecules into a regular apd r ing pattern, which is essential fg
producing a clear and interpretable diffraction pattern during the X-ray anaiygis.e |

To achieve crystallization: - ) e (b
The protein is slowly mixed with specialized solutions. \ '

These solutions cause the protein molecules to aggre icr?rderly fashion.
The crystallization process can take from a few hour: M days or weeks.

_ Critical parameters like temperature, pH, and salt cofgentration must be carefully controlled.-
« Once a stable and clear crystal is formed, itis read@th next stage of analysis. '
Step 2: Production of Diffraction Pattern- : : -
The next step is to mount the crystal on an Xz&
-angles: S ' ‘
« The atoms within the crystal scatter»the@ s.

e This scattering results in a diffracti rn, which appears as a series of"spots on a detector.
« The positions and intensities of the % ots provide key information about the internal structure of the crystal.
Step 3: Creating the Density Map - : e '

Using the data from the diffract
e The diffraction data, particu

e @& o o

hine. When the X-ray beam strikes the crystal at various

¢

ern, scientists construct a density map: _
e angles and intensities of the scattered rays, is mathematically analyzed.

e This data helps to map t istribution of electrons within the crystal, forming what is called an electron
density map. ] . '
Step 4: Determination of Structure

ugati®nal software is used to:
density map. Sl _
e Transformt p into a 3D atomic model of the protein. ~
e Reveal detailed information about the shape, folding, and atomic interactions of the protein.
' This structural knowledge is vital for understanding protein function, designing drugs and advanc
biotechnology. : ~ I ' A

Finally, advance
e Analyze the

ing
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/hﬁe—\:lzp—ed X-ray crystallography?

TW

P

X-rays

Detector

Dif‘froactiy'
M

x-rays
_—

Protein Model

» Computer
+ Graphics

|

g

Electron Density Map

Fig. 7.3: Schematic representation of X-ray crystallographc)o
o

mas\y

4 Watson and Crick B) Robert_ Hooke,
~ william Henry Bragg and William Lawrence
) Bragg .

D) Alexander Fleming ‘
in which year was the Nobel Prizev awarded to the
graggs for X-ray crystallography?

A) 1905 B) 1920

01815 D)1932 .

What does X-ray crystallography primarily help to
determine? ' o

£) Chemical reactions ‘ |

8) 3D structure of moleculesy” :

() Genetic mutations D) Energy levels of at@f
What causes diffraction of X-rays in a cryst()

A Electrons in avacuum  B) Magnetic fie

0 Atoms in the crystalv” D) Water mole

What kind of image is create m
diffraction? . "

A) Heat map B) @ence

C) Electron density mapy”
9 substances can be studied

X-ray

D) Ultrasound scan

W!\ich of the followin
using X-ray crystallo

ography?
A)DNAfJnIy B) Metals only
0 Proteins, salts, metals, vitaminsy”
D) Liquids only )
Why are crystals  essential for X-ray
trystallography?

A) They change X-ray wavelength

h A
5 They Organize molecyles in a repeating patterny”
ey amplify signals

&Y produce Magnetic fields

hat g .
Muctyre the first ste

Using X. P in determining protein

ray crystallography?

1.
12,

113,

14,

1_5-.

A) Protein erys iony”
B) Data an.x

troR migroscopy D) DNA sequencing
&tein crystallization?

gakhg protein into fragments

erting purified protein into crystal formy”
lting proteins

Coloring proteins with dye
at conditions must be controlled during protein

C) El
W,
A)

_ crystallization?

A) Light intensity only B) Voltage and pressure
C)'Temperature, pH, and salt concentrationy”

D) Oxygen level

What is a diffraction pattern?

A) A light reflection . B) A sound wave

C) A series of spots formed by X-ray scatteringy”
D) A UV absorption graph

How is the diffraction pattern used?

A) To purify the protein

B) To create an electron density mapy”

C) To test chemical bonds D) To separate crystals
What information do the diffraction spots contain?
A) Sound wave frequencies

B) Color spectrum data

'C) Angles and intensities of scattered X-rays v

D) Heat levels -

What is done after gene ting the density map?
A) The crystal is melted ‘

B) Data is analyzed with comput_atior'xal tools v’

C) The protein is frozen D) The protein is dyed
What is the final product of X-ray crystallography
analysis?

A) DNA fingerprint

B) 3D atomic model of the moleculev”

C) X-ray photograph D) Protein color image
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; rotein flavor

C) To improve p .
ilize the protein
lectron density map show? - D)To Ste_”hze ; F: have b .

16. Wnat does the » et'on B) light absorption : 19. Which biomolecules have been studi

A) Pressure distiibu ; ciectronsy’ crystallography?

C) Likely positions of € A) Only carbohydrates

D) Sound waves

ed Usin
Ty

. s i cleic acids,
le does computation play in y B) PFOtC‘Ir.\S, m.] CarbOhYdrates\/
17. Whe;:allor;rgphy? C) Only vitamins D) Only saire
s . "
:?Produccs radiation p 20. Why is the 3D structure of a protein i
B i icn datav’
B). Analyzes diffraction

A) It determines its color MPortany
B) It reveals its function and interactions\/

C) It tells the age of the protein

D) It reduces its size

C) Grows crystals D) Filiers proteins ;
Y » . . ali
18. What is the purpose of forming a high-qua ty
crystal? ' :
A) To speed up reactions p
B) Te ensure clear difiraction patternss

a ; ? \
' 1.  Whatis X-ray crystallography? ‘ |
@ Ans. X-ray crystailography is a scientific technique used to determine tife structure of molecyjes

, ) i b
analyzing how X-rays are diffracted by a crystal. It helps scientists visualize tB gement of atomg Withiﬂthi

crystal. _ ) | O
2. Who developed X-ray crystallography and when.?. ,
Ans. X-ray crystallography was developed in 1912 by VYIII‘|.am He-nry Bragg
received the Nobel Pr.ze in Physics _in 1915 for their pioneering work.

3. What happens when X-rays strike a crystal in crystallograph '

Ans. When X-rays strike 2 crystal, the atoms inside the crystal difffact fthe X-ray beams. This diffraction Produces ;
pattern that can be analyzed to reveal the molecule's stru@tursy :

4.~ What kind of image is created from the diffraction of%.rays? :

Ans. The diffraction of X-rays creates a 3D electron density@. his map shows the likely locations of electrons and
helps build the 3D structure of the molecule. -

5.  What types of substances can be studied usi

Ans. X-ray crystallography carr e used to study a rahge of substances including minerals, salts, metals, proteins,
carbohydrates, nucleic acids, and vitamins. [fis%hi ly versatile in application.

6.  Why are crystals necessary in X-ray ciy raphy? '

Ans. Crystals are necessary because they@ge molecules in a regular, repeating pattern. This orderliness is
essential for producing a clear diffrm attern. ‘ : ' a

7. How is protein crystailization :Q;!] ut?

Ans. Protein crystaliization invcive
stick together in an orderly

8. How long can the ¢ryst

d dis son William Lawrence Bragg. They

crystallography?

purified proteins with special solutions that encourage the molecules to
is process often requires controlled temperature, pH, and sait conditions.
ion process take? ' :
Ans. The crystallization pr n take hours, days, or even weeks. It depends on various factors such as protein
type and environs mditicns.‘
9.  Whatis a diffra mtter‘n in X-ray crystallography?
Ans. A diffrgction'pa%

is 2 series of spots formed when X-rays are scattered by the crystal. The pattern holds
inforrmation abc

ut the internai atomic structure of the molecule.
10. What is an eleciron density map? | '

Ans. An electron density map is a 3D representation of where"elect'ro‘ns are most likely located in a crystal. ItE
generated from the diffraction pattern data. '

11. What is the final step in protein structure determination u

" Ans. The final step - ticai analysis using computational
dgtaﬂed 3D model of the protein. This model reveals the ator,

12. Why is determining tiva 3D structure of proteins important? ic alse

Ans. Determining the 3D stiuctyre of proteins is crucial for understanding their functions and interactions. It &

vital for drug desi¢ + and medical research, S -

sing X-ray crystallography?
toals to convert the electron density map
lc arrangement.

into ¢
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at ! e does compu.tational analysis play in X-ray crystallogra
wh utatiO"al analysis 1S usec_i to interpret the diffraction data and rphﬂ
# comP ves complex mathematical modeling. reate the final 30 qyryey,
. e e
¢ in oes the diffraction pattern tell scientists? of the molecule
ttern tells scientists about the angles and intensities at wh
ilding the electron density map. h Xorays are scattareq +
’ L35

Whadlffract'on pa

it ;
g Therfﬂation is key to bu
info dentific fields benefit from X-ray crystallography?
p ha(isuc at biochemistry, pharmacology, structural biology, and materials scierce beref
JRY 3 e benetit from
® Fﬂfallog'aphy' it helps them understand molecular structures and develop new technolojies o fram Aoy
. 7.3 COMPUTATIONAL BIOLOGY
mtional Biology and why is it important in modern science?
P faition and Scope e .
W " tational biology is an interdisciplinary field that uses computational techniq®sarid tools to solve
Lt‘:;mbwms It integrates knowledge from biology, computer science, mathemati statistics to analyze
o et biological data. b
_prtance - , e o Q :
ational biology lies in its ability to handle larg ataset$, uncover hidden patterns,
ic Stions. With the explosion of

Mjhe importance of comput y to h
odels that can lead to new biological insights and

; generaté predictive m . . ' ' |
. . us fields such as genomics and proteomics, comm.\ | biology plays a crucial role in
y.

" 4ical data from various '
gnzing, analyzing. and interpreting this information efficiently and effect
yganZind: .

ZE g, What are the major areas of study within Computati ogy?

-1 _
. Genomics O
t of DNA within a single cell of an organism. It
onva

Genomics is the study of genomes, which are the com
structure of genomes. Genomics helps in

~ches sequencing, assembling, and analyzing the fu
~erstanding genetic variations, gene functions, and'evi jorfary relationships. It is foundational in uncovering the

wetc blueprint of organisms. : '
L Proteomics S Q _

' ?roteomics is the Iarge-scale study of profeiRs; cluding their structures and functions. Since proteins are
ot molecules responsible for numerous b | processes, proteomics aims to map the entire set of proteins
“¢ proteome) produced by an organism. It @lsg protein interactions and their roles in

% uar mechanisms.
L Bioinformatics

focuses on understanding

ge and analyze biological data. It invoives the

. cfﬁ*:;rgfcqurpatics is the applicatio puter technology to mana
il rog ;: r':ﬁ:r Sotftware. tool e, Yetrieve, and analyze DNA, RNA, and protein sequences. Bioinformatics
g s to make s complex biological information and supports other areas like genomics and

|
W1 ;
&1 What are the main applications of Computational Biology?

MS. Co
. “Mputatio i ; —_—
nal biology has vast and diverse applications across multiple domains cf oiology and medicine

g "
1 € applications include:
“cgmicovery
e omputati H . ' ‘
:draungt e;f:z:sb'?bgy significantly contributes to drug discovery by identifying p
of drugs on biological systems. It accelerates the drug development p

‘4-5 ti:gmteract with wrotei
' eins and other molecules, thus reducing the time and cost involv

otuntial drug targets and
rocess by predicting how
i in iaboratory-bes
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2. Genetic Research . o o

Through the analysis of DNA sequences, computationgl biology helps c;fit_e:rt‘;fyazzn:lt:c \?rrtlat;:ns associateq , .
diseases. It aids in understanding the genetic basis of VaI:IOCl‘{S_ES::.t:‘ ce?\r:atilc'profile_ pports the developy,
personalized medicine by tailoring treatments based on an indivi g

3. Evolutionary Biology - , - )
, : : to compare genetic information across g;
: ~» widely used in evolutionary biology pare 3 : : ss diff,
T s ionary relationships and provide insights into the processes thy p

species. These tools help reconstruct evoluti o e 1 ¥ i
e?/olution. This contributEs to our understanding of biodiversity and the genetic linkage between species. Ve

@ What are the key databases used in Comphtational Biology and what are theif' roles?

ses are used to store and access biological data, Particulyy,

Wit
ent ¢

Ans. In computational bioiogy. sevaral mﬁjor dat'aba
related to nucleic acids and proteins. These include:
1. GenBank

Website: https://www.ncbi-nim-fﬂhgo"/ nuccore/ - N , o
GenBank is a comorehensive public database of nucleotide sequences alon upporting bibliographic »

biological annotations. it offers access to a vast (ePOSitOTY of DNA seque m various organisms, therep,
facilitating genetic research and comparative genomics.

o

N May 2024 Ralosse of Stand-Abne

o7 uap 20t
o

rem  UseNOBI yu  Explen —
» dala oy sk ol
i i T A e
48 - usomated Unaage Definions Now
vatabie n NCBI Viug SARSCoV2
:ﬁg Vartarts Overview
Gvwn

Derats MR Vi SADLL AV

MBI Prbogen Dytachen Prsents o

3 Antbietic Suscept iy Test AST)
Browser
60 24

Qi). '7.4: Screenshot of GenBank database

2.  Protein Data Bank (R @ ’ o .
_* The PDB providesm wral data of large biological molecules, including proteins and nucleic acids. It is
essential for studyin ctures of macromolecules, understanding their functions, and aiding in drug design by

* . targeting specific ;%%dructures.
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Fig. 7.5: Scree |

| enome dels, and comparative

vides information on g seque s, !
des i essing and visual nomic data, supporting

rful resource for acc 2

E""mbl- enome browser that pro N

b bl i ; o
frsert ious species. It is a pqwe _ ;
genomics ;a‘:;fl'in genomics and evolutionary biology- \ g
e fes ' . ' lfS
onsive orithms are used in Computatlonal Biology f K@”alys
a. Two

ich key alg ‘
i1 ; ing biological dat
g/‘/ o databases, comput'ational biology relies on powerful algQritems for analyzing biolog

Jddition to d2 ;
":ori:nt algorithms include: + Search Tool) :
4 Local Alignment Search £ ) . ) P
b MST'(B;:;:Iy used for comparing primary biologic§l seq S formation, such asrzg‘ig?nac;:esignctions of

BMST,:ls;cleotide sequences of DNA. It helps in identifyin l ous sequences, P gu -
ﬁmk:ae:xnogrenes, and studying evolutionary re i Jgraos
f

TA )

l F::TA is another sequence alignment tool that o a query sequence tc a dat.ab.ase of sequences to find
: % nucleotide databases, identifying sequence homology,

: «oiarity. It is used.in searching both pro i omolog
gos. i i ” . | and structural similarities

o analyzing sequence alignments. It plays a c@ ie in understanding functiona

yong genes and proteins. - |
= S

| Whatis computational biology? - 4. What does gencmics study?
A The study of computers B) Th &f chemicals Aj Protein folding
() The use of computational tech to solve B) The complete set of DNA in a cell v
: biological problems\( C) Enzyme reacticns C) Cell membranes
E. AThe shuy.of astrofeumeal systerns 5.  What is the aim of proteomics?
; mﬂl Iﬂelds are integrated in computational _A) Study of soil -
) cogy_ i .. B) Study of protein structures and functionsy”
| Chemistry and Physics Study of cli
B)Biology. Computer Science Mathematic; and N i A iy
Staistics y” y " : D) Study of photosynthesis
0 Physics ang Engineering ' "6. Bioinformatics is primarily used to manage and
) Geograph ‘ analyze:
l y and Astronomy . , . .
of the following i ' A) Chemical equations
“Mutational pj ology? g is a major area of B) Biological sequence datav”
Y Genomice. y? ] :
0 icsy” B) Thermod ) C) Mathematical prokblers
- Vhotany O D) Environmental data
D) Geology , g
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10

1"

12

13.

14.

15.

16.

17,

18.

Which of the following Is a key application

computational hiology?
A) Painting

) Drog distoveivy
Which area uses computational blology

understand disease causes? -
A) Physics R Genetic researchy’

Y cooking ) Batany

What is the purpose of evolutionary blology In
context?

A) Study of weathet B) Study of plants

O) Companing genes to understand evolutionv”
O Study of rocks

What is GenBank used for?

A) Selling genes B) Data storage

Q) F‘ubhc' d‘aml\.\_\e tor nucleotide sequonces/

0) Banking information

Which website hosts GenBank?

A) www goegle.com
O www.nchinimnihgov/nuccore/ v’

D) www.genestudy.com

The Protein Data Bank provides data on:

A) RNA transcription B) Cell walls

©) 3D structures of proteins and nucleic acidsv”
D) Fessil records

What is Ensembl primarily used for?

A) Genome brows ng and gene models v

M Welding
M Agriculture only

8) Weather tracking ,
Q) Plant growth analysis D) Bacterial growth rat
Which tool compares biological s

information?

A) Word processor B) BLASTV' @
C) Photoshop D) Calculator
What does BLAST stand for?

A) Biochemical Learning and Scienc
B) Basic Local Alignment Search Tdol
C) Biological Layout Analysis S
D) Biological Link Algorithm Stu
FASTA is used for:

A) Food analysis @

B) Sequence alignr&

C) Making protei

D) Writing chem rmulas

of

to

this

B) www.geneticsbank.org

Which area studies all proteins in a cell or

organism? j
A) Genomics B) Proteomics v
C) Anatomy D) Pharmacology
Which database includes bibliographic
biological annotations?
A) Ensembl

C) Excel

B) GenBanky”
D) PDB

and

19.

20.

21,

22,

23.

24,

\g}F:\STA\/
5.

26.

27.

28.

29.

- 30.

The PDB Is Important for:

A) Climate predictions B) Tree classific
C) Drug design and structural analysig
) Geologlcal mapping

Ensembl helps in:

A) Translating languages

#) Accessing and visualizing genome data
C) Cooking D) M"rkminq
BLAST Is helpful in Identifying:

A) Homologous sequencesy”

B) Food chains

l'“i()”

C) Cell wall components D) Vitamin
FASTA Is mainly use search;

A) Internet history

B) Protein and nuctegtid® databases

C) Computer er % D) Weather records
Which o Mowing is |

not a kqv d"lba;'-
h

computatiapal biology?

A) Gew.
Q)P
ﬁ@lgorlthm

B) Britannica
D) Ensemb)|

is used for f,
rison? - $€quengy

indows B) Paint
D) Excel
Why is computational biology COnsideryy

interdisciplinary?
A) It only uses biology
B) It integrates biology, computer science,
" mathematics, and statisticsy”
C) It uses-engineering and law

D) It combines art and science
How does computational
personalized medicine?

A) By analyzing individual genetic datay”

B) By making herbal medicine

C) By farming

D) By providing surgery kits
'What is the full form of PDB?

A) Protein Data Bundle B) Protein Data Banky’
C) Protein Digital Base D) Protein Design Bure¥
Which is NOT an application of computatios
biology?

A) Drug discovery B) Genetic research .
C) Road constructiony” D) Evolutionary ftUd'es

1Which tool is best for understanding

biology suppor °

models?

A) FASTA B) BLAST

C) Ensembly” D) PowerPoint .
What is a key advantage of comp!
biology?

B) It fixes compUte®

A) It grows plants | datasets fficienty

C) It processes large biologica
D) It treats animals directly
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echniques 10 solve

What is computational biology? |
i tional t A
at applies computati » biological

, 1.

;O_, ans. Computational biology is an interdisciplinary field th or -
‘o!ogical problems. It combines biology, computer science, mathematics, and statistics to an yZ
b! ’

ctive

Jata. - - o
utational biology important? i
and generate predi

ijs comp
oisim ortant b.ecau_s?.it can handle large biological datasets, identify hidden p
w ::wdels. These capabllmes lead to new insights and applications in biology and M

what is genomics?
} enomics is the study of genomes—the complete set of DNA in a cel

AnS: Jnalyzing DNA to understand gene functions and variations.
what does genomics help us understand?

¢ GenomiCS helps in understanding genetic variations,

AnS: for disease research and genetic mapping. )

.at is proteomics? "

atterns,
edicine.

I It involves sequencing, assembling, and

jutionary relationships. It is crucial

gene functions, and evo

ures and functionS{Jt ims to map the

wh .
s.s proteomiCS is the large-scale study of proteins, including their struct
= roteome of an organism and study protein interactions. : '
Why are proteins important in biology? | g . ure.
i.ns- proteins perform a wide range of functions in organisms, including catalyzing 4gacti and providing structure:
Understanding them is essential for studying cell biology and disease ®
_ s :

Wwhat is bioinformatics? s : oy L .
- gioinformatics involves the application of. computer technology to M Rand analyze b'°‘°9'C3| data. It 1s
sidely used to study DNA, RNA, and protein sequences. () ‘
What are the applications of bioinformatics? S \
gioinformatics is used for storing, retrieving, and analyzing
discovery and genomics research. L o
o How does computational biology aid in drug discovery

it identifies potential drug targets and‘simulates how d intaract with biological systems. This speeds up the
" drug discovery process and reduces costs. : |

10. Whatis the role of computational biology i '
Ans. It helps analyze DNA sequences to find genet

‘personalized medicine. } '
11. How does computational biology suppo%lutionary. biology? :
Ans. It compares genetic -information across gpe to understand evolutionary relationships. This helps reconstruct

phylogenetic trees and study the pro, - volution.

1. What is GenBank?" ' ' . : TR
@Eotide sequences. It includes biological annotations and supports genetic

j jcal seq

uence dava. It also supports drug

Ans.

.

Ans.

ng icwesearch?

ong linked to diseases. This enables the development of

Ans. GenBank is a public database O
and comparative genomics re

13. What type of data is fou& enBank?

Ans, It provides DNA sequen om various orga
Itis widely used in genomie’studies. -

‘A‘- What is the Protein Data Bank (PDB)? ;
ns. PDB is a database of 3D structural data for biological molecules like proteins and nucleic acids. It helps scientists

nisms along with related bioicgical and bibliographic information.

i study molecular structure and function.
+ Why is the Protein Data Bank useful in drug design?

Aﬂs It 5 )

- It provides accurate 3D models of protein structures allowin C : '
: TOte : g researchers to design dru ifi

molecules, This is essential in precision medicine. ‘ : g5 that get specific

16, 4
s ‘E’Vhat is Ensembl?
- Eng : : : ! :
embi is a genome browser tnat provides data on genome sequences, gene models, and comparati
f 5 2ls, rative

Qen : . . - . A
Omics. It supports researchers in visualizing and interpreting genomic information
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17. What kind of information does Ensembl offer? . . '
Ans. Ensembl provides access to genome sequences from different species. It also includeg gene |,
. edi(t

evolutionary analysis tools.

18. What is BLAST? q
Ans. BLAST (Basic Local Alignment Search Tool) is used to compare biological sequences such as DN
finds similarities between sequences and helps in gene function prediction. A rprotg
|

19. How does BLAST help in evolutionary biology? "y

Ans. BLAST identifies homologous sequences across species. This allows scientists to trace gene =
relationships between organisms. &volyt,
20. What is the FASTA algorithm?
Ans. FASTA is a sequence alignment tool that compares a query sequence to a database, |t fing
to identify gene or protein homology.
21. Why are algorithms like BLAST and FASTA important?
Ans. They automate the comparison of genetic sequences and save time in data lySts. These tools
genomics and proteomics research. are ess My,
22. What does computational biology reveal through data analysis? » |
Ans. It reveals patterns, relationships, and functional predictiors from bfological data. This leads to disco
Veriae

dny
0

S regiong of 5,

|||a
Y

genetics, medicine, and evolutionary biology. :
23. How is computational biology interdisciplinary? - \'
Ans. It integrates biology, computer science, mathematics, aha‘@;. This allows researchers to tackle
COmm;

biological questions using diverse methods.

" 24. How does computational biology contribute to

. Ans. By analyzing genetic data, it identifies |nd|v1dual g
specific to a patient's genetic profile.

25. What kind of problems can computational bi

Ans. It solves problems rzlated to genome sequ
It also supports drug target discovery.

26. How are biological datasets handled. i putational blology7

Ans. They-are prbcessed using algorit% computatlonal tools. This helps in stonng, retrlevmg, and analyzing

€d medicine?
“riations. This helps in designing targeted treaty.
: €nts

rotein structure predlctlon and disease gene identif; ication,

vast amounts of bioldgical informa

27. Whatis the proteome? (a

Ans. The proteome is the compﬁ,l of proteins produced by an orgamsm Studying the proteome helps in

understanding how prote ion and interact.

28. Why is data visualizati mortant in computational biology? .

Ans. Data visualization he%understandmg complex biological ‘information. Tools like Ensembl allow recearchers
to explore genomi sily

29. What is seque nment? .
Ans. Sequence ah@nt is the process of arranging sequences to |dent|fy regions of similarity. It is used to deted
a .

evolutionary unctional relationships.

30. How does computational biology speed up research?
Ans. It allows for the rapid analysis of large datasets using automated tools. This accelerates discoveries in genetic

)

medicine, and biology. N =4
7.4 SEQUENCE HOMOLOGY e
‘—g 13. What is sequénce homology and what are its ‘main types? Explain with eka'mples.
Ans. Defi | ' i
ns. Definition of Sequence Homology | g ances

, Sequence homology refers to the similarity between DNA, RNA, or proteln seqﬁences due to share |
Homologous sequences have evolved from a common ancestral sequence. |
Types of Sequence Homology
' Sequence homology is mainly categorized into two types:
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e
s: These are sequences found in different species that originated from a common ance_stsra;gfn
ir 8 rocess of speciation. Orthologs often retain the same function across .dlfferent specner.‘ o
g the F()wne in humans and a similar gene in mice performing the same function could be ?n t? nge\;ents.
e‘“"}z§;~‘}nese are sequences found within the same species that originated due to gene duplicatio
ra '

‘ i ified functions over time.
igh they arise from the same ancestral gene, paralogs can evolve new or diversified

oL J

Althout

ur"

Gene duplication Speciation

6{0“ Human histone H1.1
Human histone H1.2

Histone H1.1

cosssasssmeee

- m----

Ancestral
Histone
ne

g Histone H1.2

.

Chimpanzee histone H
Chimpanzee histon

» [ ]

Fig. 7.6. Types of Homologous Sequences Q\
: . > ,
i e

ﬁ“ow does sequence homology help in understanding ev \ ary relationships and gen

" function? . :
;. Understanding Evolution through Homology

Ans.

sequence homology provides deep insights into the evolutiefia relationships between organisms. By

nparing homologous sequences across species, scientists can,irc evolutionary history and divergence of
:péc»es over time. :

nredicting Gene or Protein Function : % : .

Sequence homology also aids in predicting the functio kilown genes or proteins. If an _unl_cnnwn gene or
xotein is homologous to one with a known function, it is i at the unknown entity performs a similar function.
Tnis functional prediction is fundamental in genomic stu

@ here many ‘newly identified genes still have unknown
roles. . . .

Application in Disease Research

Identifying homologous genes involved in ses across different species helps scientists understand the
uderlying mechanisms of diseases. It also

y vital role in developing medical treatments. For example,
remologous gehes in model organisms like

&/0r zebrafish can be studied in laboratory settings to gain insights
no human diseases. This comparative@oach has greatly advanced genetic research and therapeutic
developments.

l—g 15. What is structural hor@ nd what is its importance in biological research and drug design?

Ars. Definition of Structural %hgy :

Structural homology refefs Jto the similari
Macromolecules that arises due to shared
Suctyreg may still be alike du

Unction Prediction through

a

ty in the three-dimensional
ancestry. While tw
€ 1o evolutionary conservation.
Structure-

structures of proteins or other
O proteins may not share high sequence similarity, their

eStrmtEins with similar three-dimensional structures often perform similar functions, even if their sequences differ.
i Ot‘:\?r“fe <|>f a protein is crucial for understanding how it works, as the shape determines haw the protein interacts
Molecules,
Oein Drug DESign
ey Cural b
Structyre
s h

omology s especially important in drug design. Many drugs are designed to interact spedﬁcg?\,/ :,'cl’t:
e of proteins, By understanding the structural relationships between proteins, scientists can
'nd effectively to target proteins, enhancing their therapeutic potential and specificity.
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Evolutionary Insights P
Studying structural homology also provides if ilar s
and molecular interactions. Proteins that retain SIMI
mechanisms and can be key targets in biomedic
TemP'ae

al research.

... WNTPNCRPFEGHVEGFQSAASLEYFNR.,.

5% .W'NTPNCRPFEGHV. ------
- . .WNSPNCSDAHPGDSSGDSSGLNDTE

>

X

X

\sights into the
tructures

Conﬁpute_d Structure Model
Fig. 7.7: Structural homology'of'protein :

avolutionary processes that shape proteiy, funey,

over time offer clues about conservag biolgg.'r"'
It
4

Unknown Structure

,,.CSDA"PGDSS(IDSSU!@"PM..,

What does seque%homology refer to?

A) Similarity in cell shape o

B) Similarity between DNA, RNA, or protein sequences
due to shared ancestry :

C) Similarity in metabolic activity

D) Similarity in organism size

Orthologous sequences are found in:

A) The same species after gene duplication

B) Different species originating from a common
ancestral gene y”

: C) Different species with unrelated functions
D) The same species with unrelated genes

Paralogous sequences arise due to:
+  A) Horizontal gene transfer
B) Speciation _
- ©) Gene duplication within the same species»/
D) Random mutations
4.  Which of the following is true about orth¢’ st
A) They usually have different functions
B) They often retain the same function acro*
species A
C) They only occur in bacteria .
D) They never have similar sequences o
5. What can sequence homology help infer
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ary history and gene functionv”

|ution B) Cell size ) .
A fvo U'n folding speed C) Organism lifespan D) Atmospheric conditions
B prot® embrane composition 14.  Studying homologous genes in model organisms
oce ent absorption rates helps:
futt homologous genes aid disease research? A) Understand human diseasesy”
fanreasing mutation rates B) Create new species
mfi ing understand disease mechanisms across C) Reduce biodiversity
B &Y heciFe’S D) Change gene sequences randomly
eating new pathogens | 15.  Which of the following statements is true?
0 dec,easing' gene expression

A) Paralogs always retain the same function
B) Paralogs can evolve new functions after
duplicationy” _

C) Orthologs evolve new functions rapidly

tural homology refers’to similarity in:

c

rgenetic sequences only .

A)’Three_dimensional protein structures due to shared
B) -

ancestry D) Paralogs are found only in viru '
Cellular organelles 16.  Structural homology is impo t because:
; ironmental adaptations A) It determines protein color :
D) E'm-/ rotein structure important? B) It can indicate similar f even with low
Why 1S Prmines the protein’s functiony” sequence similarity e
N deIte affects color ' C) It prevents mutatio D) It controls cell division
| lI: ?:9):’13‘“ DNA replication 17. How does st ral‘ omology help understand
(D:)) it controls cell shape evolution?‘ .' o
How does structural homology assist drug design? A) By studwg@n shapes and their
A) By predicting weather changes . Bconser\.ra e
gy helping design drugs that target specific protein : B) By co . orgams.
i ytructufes @) g metabolic rates
0 Bsyincreasing mutation rates. 3 guencing RNA only
D) By degrading drugs faster- ) 18..

in’s 3D structure can help in:

edicting its function and interactions v
etermining its color only

) Changing its DNA sequence
) Measuring cellular respiration -

Proteins with low sequence simillarity can still have: .
A) Identical sequences ;

B) Similar 3D structures due to structural h0mology\/
() Different functions always

D) No relation g ‘ - Which term refers to genes with similar sequences
1. Which type of homology involves gene duplicati : dué to common ancestry but in different species?
within the same species? : A) Paralog - B)Orthologv”
A) Ortholo gy B) Paralogy v b C) Analog D) Isoform
C) Xenology D) Analogy 20. The study of sequence homology can contribute
2. Which of the following best describes orth€To to: :
- A) Genes duplicated within a species ‘A) Persona|iied medicine developmenty”
+ B Genes in different species with comm stryv” B) Changing atmospheric gases
0 Random sequences D) Gene in bacteria ’ C) Altering soil composition
3. Sequence homology helps predi D) Increasing water evaporation
—A Unknown gene or protein '

1. Whatis seq

Ans, Ot
u

- Par,
&voly,
{

; omology?
Ans. Sequence ho g

ancestry. It indicates that the se
What are orthologs? '

hol e p ‘
Hih Osgs e _h°m°'°90us_sequences found in different species that originated from a common ancestral gene
he 9 SPeciation. They often retain similar functions across those species.

atare Paralogs? ' :
a

y refers to the similarity be_tween DNA, RNA, or protein sequences due to shared
quences have evolved from a common ancestral gene.

|Izg:e:,r$u:gwo‘°g°.us Sequences within the: same species that arise due to gene duplication. They may

W dogs ¢ tions even though they come from the same ancestral gene.

- Sequence hequence homology' help in evolutionary studies?

"elationgh; Omology allows scientis
'Ps. It helps reconstruct the

I i lutionary
s to compare genetic sequences across species to infer evo
evolutionary history and divergence of species.
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5. Mo
Ans. it W can sequence homology assist in predicting gene function? L
» ' an unknown gene or protein shows homology to a gene or protein with a known function, it is likely to have

e k ; C ‘
imilar role. This helps researchers infer functions of newly discovered genes.

6.
A Why is identifying homologous genes important in disease research? . '
ns. Homologous genes involved in diseases across species help scientists understand disease mechanisms, Studying

these genes in model organisms can lead to insights relevant to human diseases.

7. What s structural homology? [
Ans. Structural homology refers to the similarity in the three-dimensional structures of proteins or macromolecyle,
due to shared ancestry. It can exist even when sequence similarity is low.

8. Why s protein structure important? : .
Ans. The three-dimensional structure of a protein determines its function. Understanding protein structure hejps ;.

Predicting how proteins interact and perform biological roles.

9. How is structural homology useful in drug design? ) .
Ans. Drugs often target specific protein structures, so understanding_ s_tructural h y helps in designing drugs
that bind effectively to target proteins. This enhances drug specificity and effi

10.  Can proteins with different sequences have similar structures? Q
Ans. Yes, proteins with different sequences can have similar three-dimensw ures due to structural homoIOgy,
Such similarities often indicate related functions. e
11.  What evolutionary insights can be gained from studying strmt-@mology?
ctions have been conserved or adapt:¢

Ans. Studying structural homology reveals how protein funct_ions and, i
through evolution. It helps understand the molecular basisof biplodical processes.

12. How do orthologs differ from paralogs in terms of
Ans. Orthologs usually retain the same function across sp
functions within the same species after gene duplicatim ‘
13. What role does sequence homology play in pers medicine?
Ans. By analyzing genetic variations through homo
diseases. This knowledge aids in developing pegso
homologous genes?

14. Why are model organisms important in st
Ans. Model organisms share homologous en@ humans, making them useful for studying gene functions and
disease mechanisms. Insights from thesgag isms often apply to human biology.
15. What is the relationship between see homology-and protein function?

Ans. Sequence homology suggests th eins may share similar functions if their sequences are related. This

relationship is a fundamental togfforafinotating unknown proteins in genomics.

SOLVED EXERCISE
MULTIPLE CHOICE QUESTIONS

(&)
s, While paralogs may develop new or specialized

searchers can better understand the genetic basis of
treatments tailored to individual genetic profiles.

Tick (v) the correct @ 2

1 Generally, the ofa pro.%ein depends on its:
~ (a) One-dimensiefalstructure (b) Two-dimensional structure
(c) Three-dimensional structurey” - (d) Four-dimensional structure

2  The protein domains are:
(a) Functional and structural units within proteiny”
(b) Secondary structural elements
(c) Linear sequences of amino acids
(d) Specific regions for post-translational modification
3 The first step in x-ray crystallography experiment is: -
(a) Compute an electron density (b) Build a model of your molecule
(c) Measure a diffraction pattern (d) Grow a crystaly”
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ry role of computational biology?

he pl‘ll’“l
e algorithms to analyze datay”

at

h ing computer a :
@ atifying genetic mutations
b Idedymg p,otpin functions

) SWEY " the expression patterns _
¢ zIn id ue
@@ Analy?! guuﬂonal approach is used to predict protein structure based on amino acid seq
h comp ence alignment (b) Homology modelling v’

nce?

i ® )
f @ Mu"‘ﬁ';;c::nly<l< (d) BLAST searches
s
i [ SHORT ANSWER QUESTIONS _|
ains of the Protein ' n can fold independently
i otein, Each domain 1 eular building

s can act as

pefin® omains aré distinct functional and structural units within a pr .
overall funcuon.

o-dimensional structure and often has a specific function. Domain

buting to the protein’s

F‘i\"wln hre ;
W o2 stab'::lsmgle protein may contain multiple domains, each contri

ks, anc ’

plocks irus Enter Host Cells? _ o GroE

CoronaVv A : i surfacel THis spike prot
,  How pocs‘,ims enters host cells through a process involving the spike protelndf-)t?‘:;CE or. The binding
- coroN® ocific receptor protein found on the surface of human cells, calle dgapr Z@nfect the cell and
M Linds toha zfrus to attach firmly to the host cell and facilitates its entry, enabling 6
e
allows t ,
rgpllcate' . . ) p
mics a single cell of an

3 D'ﬁm-aﬂ-': the study of genomes, which encompasses th'e complete se‘} Of@ixth;:\d evoglution of the
il Genor_"'cs l't involves sequencing aseErlicg. B analyzlr ?\ e trigute to ’an organism’s traits and

arganis™- ic variations, gene function, and how genes

:ei ome 1o understand genetic variations, ge | ' r

v

gieases ics and Proteomics ' \

erentiate Between Genomics an o _ )
-.:ais the study of the entire genome, focusing on DN qlences, their structure, function, and

i

gt derstand genes and their hereditary informati -
e y organism, focusing on their structures,

e S f proteins produce
mics is the large scale study,g ‘ ) M st :
z::i:ns interactions, and roles within cellular process Mile genomics looks at genetic information,

proteomics studies the functional molecules derived fro

; Whatis GenBank? Describe It Briefly
Jos. GenBank is 2 comprehensive public database main
(NCBI) that stores nucleotide sequences from vari

sequences along with supporting bib|iograW
comparative genomics, and evolutionary stuts) rl
¢ Writea Short Note on Protein Data Bapk » .
k. The Protein Data Bank (PDB) is an esseftfalfdatabase that provides three-dimensional structural data of large
b;ologucal mlolecules such as protein @ nucleic acids. It allows researchers to study the detailed 3D structures
of macromolecules, understand t Oections, and use this knowledge to design dru i
; : s that s
protein structures for therapeutj r%Jses. ' . . . pecHEiy rgel
'LONG QUESTIONS

v ;l:secnbe the applications of structural biology.
” Isectuon 7.1long question number 1t0 5,
* "iite a note on principle and working of x-ray cr'ystallogra‘phy.

M8 See gacti i
4 nﬂi;iczc‘:: 7:i long question number 6 and 7.
I" . cribe key databases of computational biology.

ese 2 . .
ction 7.3 Computational Biology Long Question number11.

S.

y the National Center for Biotechnology Information
rganisms. It provides access to a vast repository of DNA
d biological annotations, facilitating genetic research,
dwide. B '
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Ans,

Ans.

Ans,

Ans.

- Homology models may lack precision in regions 'wit

IONS
ISITIVE QUEST . '
— w Viral Disease During a Pandemic?

How Can Structural Biology Help in Praveaiag a\:‘:\ting disease caused by a new virus. By determining the
Structural biology can be extremely valuable in pre

; in i i ike rotej
' i hose involved in infection such as spi p ins—
th.ree-_dimensiqnal structure of viral Zfzz’::;: SCF;EE:::I);; the Viru_s's ability to Vzr;iei;er;o:f:aie;géggICSaI(ljeEHEd
sclentists - |den't|fy o+ Mgl hers to design targeted antiviral drugs or o el i y hOCk
S;ructural m'format!on - resc-:?:tricnge the virus from infecting cells. Addltl:tn;lf illr-\erapies ol disrugyt thelps
Lne;eersftl;:?::vil t:\:e\;'rut: iunste’:;i:s with host molecules, guiding the developme Plthese

interactions and stop viral replication. N
How Can Computational Biology Be Usedkto Pret;',.c(:tein is determined (using Edman degradation or Masg

i id sequence of an unknown ned - |
g)fzir;l::aan;m; r:c'gtastignal biology tools can be emplpyed to Predlct its structtur - n aunrcet;i):t ELeChncllques
like homo|°ry' modzling use known 3D structures of similar protems.(homologs) . lf) ple .;"O.ell of
the unknowayprotein's structure. Bioinformatics databases and algorithms (such ) help identi Y Similar

sequences and possible functions by comparing the unknown protei‘ré? II"characterized proteins
e

ture and Function of an Unknown Pi'otein'z

Computational simulations can further analyze how the protein folds, intgra SfW'th Othdgrtmoleculgs, and
s ! 2 iz insi ithout n or iImmediate experimen
performs biological functions, providing valuable insights wi ° . tal

structure determination. ]
How Do Homology Models Differ From Experiment:lly Dhetirmm@r;To:erzlllalta;dS;l;::?;:szo ot
i ictions based on the kn uctures o , constructe

Homology models are computational predic Do, Whly thece madas paons -

‘Ne template and the: sequence similarity. In
ined via X-ray crystallography or cryo-electron

al details of the molecule at atomic resolution,

equence conservation or flexible loops, whereas

by aligning the unknown protein's sequence to a_simiila
approximations of structure, they are limited by the qua

contrast, experimentally determined structures, such as thos
microscopy, provide difect and highly accurate three~dilm'

experimental methods reveal true structural conformati and dynamic aspects, making them more reliable for
detailed functional and drug design studies. . ‘ ' _

Draw a Flow Chart Des;ribing the Steps Involyéi Drug Development Till Prescription

Here's a verbal description of the flow chart s vdrug development: '

* Identification of Drug Target: Use sthuc
target protein involved in disease.

* Drug Design and Screening: Dg
compounds using computation

* Preclinical Testing: Evaluate d
animal models.

biology and computational biology to identify and validate a

[

g and experimental assays. - -

olecules that can interact with the ‘target; screéen libraries of
ndidates for efficacy, toxicity, and pharmacokinetics in cell cultures and

. Cfl;nical Trials: Conduct’ ase human trials (Phase I I, 1ll) to assess safety,. dosage, efficacy, and side
effects. .
* Regulatory Approv i

Manufacturing:
Prescription ajf Drug is prescribe | . s s

; : cribed by do . onitoring for
adverse effects ong-term efficacy. 9 .p. , 4 RS ehieing .

t trial data to.regulatory authorities (like FDA) for approval.
drug production under quality control, ’
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Self-Assessment Unit 7

.28
arks: ing qu Time allowed 60 Mins
W |\::ch of the following question has four Options. Select the correct answer. (10x1=10)

Ao unction of a protein primarily Telles on its:

r T‘linenr structure (b) Two-dimensional form
0 .D confommlion () Four-dimensional arr

. domains are best described as:

‘ dependent functional and structural segments within

SOLL ents of secondary structure like alpha |-
b) EI.:rﬂg'ht chains of amino acids

.a'l .
f)) i\t:cas targeted for post-translational changes

fhe inital requiremant i.n an X-ray crystallography procedure is to:
re e a diffraction image

angement

rotein
a protein
ces

3 ) Generﬂt

guild an"atomic model
(b)) Grow crystals of the molecule
(c

- Calculate electron densit)f maps ‘
;:I)hat is the primary objective of computational biology? . \

i ) Employ computer-based methods for biological data analysis
‘1 .
Eb) Detect gene defects | .\

(©) Investigate the roles of protein§ | |
ene expression in real-time ‘ ’ ’ y

ﬁ)h‘i[:;;creghnique is commonly used to predict a protein’s shap Ns sequence?

(a) Sequence alignment tools  (b) Homology-based modeling

) Cluster analysis techniques (d) BLAST similarity searches

:Nhlch level of protein structure refers to its linear amino aéj

(3) Primary (b) Secondary (©)

‘Which method can help compare unknown DNA or p imsequences to known databases?

(@PCR ' (b) ELISA

§ The three-dimensional folding of a polypeptid; cr@s nown as its:

<~

(a) Primary structure (b) Secondary structu

(c) Tertiary structure (d) Domain structuQ

Which of the following best defines 'homol @

(a) Predicting gene expression levels 0

(b) Designing new proteins from scratc '

(c) Estimating protein structure from mlat'ed sequences

(d) Mapping the chromosomal Ioca\Qa gene - . . .

. Aregion of a protein that can e@. nction, and exist independently of the rest of the protein chain
is called a: x‘ L

(a) Motif ain . () Helix . (d) Sheet _
+ Write short answers to the wing questions. ' (5x2=10)
Define domains of the protein. : ‘
How corona virus enters the host cells?
Define genomics, . '
%Ee'?nﬁate between genomics and proteomics.
; riatt is Ger]Bank. Describe it briefly. :
PSc:i :etalled answer to the following question. . | (4+4=8)
e e the appllFahons of structural biology.

dnote on principle and working .of x-ray crystallography.

[

odeling’ in protein bioinformatiés?_

=
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