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SCFBio: An Overview (2002 -2017)

SCFBio, IIT Delhi was created in July 2002 with funding from

Department of Biotechnology, Govt. of India, under the guidance of

Principal Investigator, Prof. B. Jayaram with a vision to develop

. The facility was inaugurated by Ho n 6 Mihister
of Science and Technology and Human Resource Development
Shri Murli Manohar Joshi in presence of Ho n 6 Minister of State
for S&T Shri Bachi Singh Rawat, IITD Director Prof. R.S. Sirohi,
DBT Secretary Dr. Manju Sharma and other dignitaries. IITD

adopted SCFBio as a Central Facility of National Importance in

March, 2003.

In Dec 2013, SCFBio was recognized a s @entfe of Excellence (CoE) in the area of Bioinformatics &
Computational Biologyo by Dept. of Biotechnology, C



Supercomputing Facility for Bioinformatics & Computational Biology, IIT Delhi
www.scfbio-iitd.res.in
A Centre of Excellence of the Department of Biotechnology, Govt. of India

Upgradation to Multi-Tera Facility ||

A SCFBio was upgraded to a multi Teraflop
facility under the Programme Support from
DBT and inaugurated on 17t Sep, 2009 by
Ho n 6 bSe@etary, DBT, Dr. M.K. Bhan in
presence of IITD Director, Prof. Surendra
Prasad and other dignitaries.

A The aggregate compute power of the facility
was over 6 Teraflops with a data storage of ~
50 Terabytes. A modern data center was
created to host the infrastructure.

A Subsequently, the f a c i |capagity was upgraded to 16 Tera Flops of CPU+GPU based
Clusters along with 200 Terabytes of Parallel File System Storage.

A The facility is connected via a 30 Mbps dedicated line.

The facilitydébs compute capacity is soon (
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Send the lead molecule to xyz
Pharmaceuticals for synthesis,
clinical trials, approvals and

10 AM: Disease reported on

a smart phone along with FeromBandations: o dosags
genome card and other etc. by a panel of doctors, all
reports/ symptoms. oalice J

‘5 PM: Drug delivered at door
‘step what ever the disease!

Tums him/her into a healthy
person

Goal: Personalized medicine
Tools: Genomics + Proteomics + Information Technology + Chemistry




Supercomputing Facility for Bioinformatics & Computational Biology, IIT Delhi
www.scfbio-iitd.res.in
A Centre of Excellence of the Department of Biotechnology, Govt. of India

Some Achievements of SCFBio (2002-2017)

SCFBias interpreting the language of GenomicDNA from a new physicachemical perspective(Chemgenomp
[Goal Oneshouldbe ableto read genomeg(includinghuman)like Harry Potter noveld]

SCFBias addressingthe Grand Challengeproblem of protein tertiary structure prediction. SCFBias the only
Participant from India in the server category in the global Protein structure prediction Olympics called CASP
(BhageerathH). SCFBicshares first rank globally for low resolution models and 11t rank officially for high
resolutionmodels(CASE2,2016).

SCFBialevelopeda complete, freely accessible,ndigenous, software suite for computer aided Drug Discovery
(Sanjeevin) based on physiceachemical principles SCFBids called upon to implement Sanjeevinion National
SupercomputingMission (NSM)platform. A few moleculesagainst malaria,! f | K S réasiadpéesHAV & HBV
infectionshave beendevelopedé& published/patented

SCFBidevelopedover 43 freely accessiblavebserverdCompletelist of software developedat SCFBids available at
http :// www.sctbigiitd.resin/bioinformatics/bioinformaticssoftware.htm)

SCFBi@ublished~ 90 paperswith an averageimpact factor of 4 + a Nature paper. (Completelist of publicationsis
availableat http:// www.scfbiciitd.res.in/publication/publication.htm)

SCFBimrganizedan international conference(INCOR2006), two Indo-Japanworkshops(2010 and three national
conference42011, 2012& 2017).

SCFBias providing free accesdo its resources (~ 20,000 hits per day from usersin ~ 30 countries) (Hardwareis
accessibleo usersfrom India and softwareto usersfrom acrossthe world)

SCFBitrained ~ 1000studentsthrough short- and long-term training programmes& produced18 PhDs (Fora list of
trainees,pleasesee http:// scfbioiitd.resin/training/training .htm)

Twostart-up companiesevolved(Leadinventand Novoinformatics)sofar from SCFBio


http://www.scfbio-iitd.res.in/bioinformatics/bioinformaticssoftware.htm

c(Ehgal[DataQ hntprenation A KnowledgeA Products useful to Society

Hypotheses generation & validation

What is big data in biology?
Vivien Marx, Biology: The big challenges of big data, Nature, 498, 25850 (2013)

NCBI: http://www.ncbi.nlm.nih.gov/ : Genomic information of more than 70000 organisms

UNIPROT: http://www.uniprot.org/ : Protein sequence information of more than 88 million
entries

RCSB: Protein Data Bank:http://www.rcsb.org/: Structural information of ~ 134000
biomolecules

Zinc Database:http://zinc.docking.org/: Over 35 million purchasable compounds

Human genome ~ 3 GB
Genomes + Proteomes + Small molecules ~ hundreds of Petabytes
+ Gene expression data + PPI Net wor ks +

Let us use the big data, make some drugs and get rid of diseases!


http://www.ncbi.nlm.nih.gov/
http://www.uniprot.org/
http://www.rcsb.org/
http://zinc.docking.org/

Note: Information on Nobels ar~ Nobel laureates in this presentation is collected frommww.nobelprize.org

cery The Nobel Prize in Physiology or Medicine 1939

sccO A & A 5
S wtor the discovery of theantibacterial S T ¥ $ O i &

Prontosil is a derivative of sulfanilamide (p-
aminobenzenesulphonamide) Some thousands
of derivatives of sulphanilamide have been
produced and tested for their antibacterial
properties. Domagk's work has thus given to
medicine,and alsoto surgery, a whole new series
of weapons that are effective against many
infectious diseases Later, he attacked the
problem of the chemotherapy of tuberculosis,
developing for this the thiosemicarbazones
(Conteben) and isonicotinic acid hydrazide

. ATVS
Jestone® ¢
i\
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Prontosil¢ a synthetic

antibacterial Compound Gerhard Domagk (Neoteben) The supreme aim of chemotherapy
is, in Domagk's opinion, the cure and control of
Munster U, Germany carcinoma and he was convinced that thig will

b. 1895 (Germany) be, in the future, achieved 2 3

The Nobel Prize in Physiology or Medicine 1945

&k
Sir Alexander Fleming Ernst B Chain Sir Howard Florey
London U.. UKb. 1881 (Scotland) U Oxford UKp. 1906 (Germany) U Oxford UKb. 1898 (Australic
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The Nobel Prize in Chemistry 1964
"for her determinations by Xray techniques of the structures of important

OA20KSYAOIf adznadl yoSad
Chemists knew that penicillin consisted of 27 atoms 11
hydrogen,9 carbon,4 oxygen,2 nitrogenatomsand 1 sulphur ol B
atom The troublewasthatthis combinationof atomscouldform ="
two very differentstructuresandchemistscouldn'tdecidewhich -,
structurewas more likely. Some chemistswere convincedthe
structure containedtwo five-memberedrings connectedby a .’
single bond, known as a thiazolidineoxazolone Others were
equally sure it was a four-memberedring fused to a five-

membereding, known as a betalactam "The final solution of
the problem of the structure of penicillin came from

crystallographicx ray studies' DorOth{J(gg}'gzobHKOdgkm
b. 1910 (Egypt)
m/ | If The enchanting She also solved the structure of
- lactam Vitamin-B12, in addition to penicillin.
Y
O/’“‘ OH

Knowledge of the penicillin structure finally opened new avenues for creating and developingysehatic
derivatives of penicillig such as the cephalosporinesghat sparked the creation of antibiotic treatments.

Source: www.nobelprize.or
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The Nobel Prize in Physiology or Medicine 1952

GF2N) KAAd RA&AO2USNE 2F aUNBLIN2YEOAYZX

Streptomycin ¢ an antibacterial compound ¢ the first of a classof drugs  Selman A. Waksman

calledaminoglycosideg; the first effective treatment againsttuberculosis Rutgers U, USA
b. 1888 (Ukraine)

A H basisolated,togetherwith his studentsand associatesa numberof new antibiotics,including actinomycin (1940,
clavacin, streptothricin(1942, streptomycin(1943, grisein (1946, neomycin(1948, fradicin, candicidin,candidin,and
others Two of these streptomycirandneomycin havefound extensiveapplicationin thetreatmenof numerousnfectious
diseasesf men,animalsandplants Theyhavebeencoveredoy patentsthaton streptomycirhavingbeenrecentlylistedas
oneof thetenpatentghatshapedheworld.o

Source: www.nobelprize.or:
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TS The Nobel Prize iRhysiology or Medicine 2015 W w
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for their discoveries concerning a novel therapy against infections caused by
roundworm parasites and malaria

William C. Campbell Satoshl Omura Youyo'u Tu

Drew U., NJ, USA Kitasato U, Japan China Academy, China
b. 1930, (Ireland) b. 1935 (Japan) b. 1930(China)

Avermectin for river blindness and lymphatic filariasgs Artemisinin for malaria

Source: www.nobelprize.org



How to design drugs?
The Nobel Prize in Physiology or Medicine 1988

"for their discoveries of important principles for drug treatment”

While drug developmenthad earlier mainly been built on chemicalmodificationsof natural products,the

laureates introduced a more rational approach based on the understandingof basic biochemicaland
physiologicaprocesses

James W Black
London U., UK
b. 1924 (Scotland)

WRL USA WRL, USA
b. 1918 (USA) b. 1905 (USA)

JB: Pharmacotherapeutic potential of receptor blocking drugs: betablockingpdopagnolol, characterized
histamine receptors, H2 receptor antagonrcsinetidine

GE & GH: Thiogaunanineptercaptopurine for leukemia, pyrimethamine for malaria, azathioprine for
LINBGSYUAyYy3 2NHIY NB2SOlA2Yy = I £ £ 2 LIdzZNR wivd.dobeldrize bid



The Nobel Prize in Chemistry 2009

"for studies of the structure and function of the ribosondge

The ribosomes (30S & 50S) in bacteria are different from their counterparts in animals / ht
(40S & 60S) and hence constitute a good target for new antibiotics

’1 w ,,,"'

Venkatraman homas A. Steitz Ada E. Yonath

Ramakrishnan Yale University , USA Weizmann Institute
Cambridge, UK b. 1940 (USA) Israel |
b. 1952 (India) b. 1939(Israel)

www.nobelprize.org
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Rational Drug Design

Drug molecule is like a
duplicate key to jam
(inhibitor) the lock (a
biomolecular target) or
open(activator)the lock

In a simplified view, a disease

Structure Based Drug Discovery
N or a disorder can be traced to a
(- y, protein going aberrant, lazy or

A\
v

Y B4
,, &\ » overactive Need activators for
) « il ‘
7

»

b/

he former and inhibitors for
Pthe latter to cure disease /
disorder. Most drugs are
inhibitors .

a /
874
\:;,/

Thus structure of the
biomolecular target ¢ the
shape of the lock and the
key hole ¢ become

Aote Sa

If an essential protein is

important in designingthe missing, it needs to be
keys ¢ the drugs Theseare _ supplemente@ genetherapy..insulin
molecules They are dynamic and injectionsé or ~ via ~ some  newer
they are surroundedby solvent,salt technologies of genome editing such as
and other biomoleculesin a cellular CRISPRICASI etc.

milieuXx

Proteins thus far have been the most attractive choice for drug discovery However, with advances in
nanobiotechnologyand drug delivery systems DNA too could becomea popular drug target.
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Figure 1 Dates of discovery of distinct classes of antibacterial drugs

lLllustration of the "discovery void.” Dates indicated are those of reported initial discovery or patent.
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Trimethoprim

Chioramphenicol v entages may be mort
Polymyxin Lincamycein

[ world countries!
Chlortetracycline /7_// Fusidic acid

Cephalasporin

syl

Navabiocin Monaobactem

Gaptamyei

Vancomycin
Streptogramin

Adapted from Silver 2017 (1) with permission of the American Society of Microbiclogy Journais Departmeant.

The fall from the bicycle did not kill but the scratch on the hand Kiltds what AMR can QWHOAMR Report 201
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Pharmaceutical R&D is Expensive

New Chemical Entities (NCES) need to be continuously developed to combat new disease
also since income from older drugs gets gradually reduced on account of increasing comp
from other products, generics as well drug resistance

Total number of new molecular entities approved over the last 75 years: ~ 2500!

Drug Development is an Uphill Task

FDA aproved NMEs Of the new drugs approved by FDA
Only 35% were New Molecular Entities (NME
Only 15% were deemed to provide significant

improvement over existing medicines.

Number od new NMEs
N w N al (o)}
o o o o o

=
o

0
1940 1950 1960 1970 1980 1990 2000 2010

Year
Millions of moleculesare availablein databasesand
SO many more are getting synthesizedevery day in
organicchemistrylaboratoriesall over the world.
Only 2500drugsin 75years?

http://www.seniors.gov/articles/0502/medicine -study.htm
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COST & TIME INVOLVED IN DRUG DISCOVERY

Target Discovery

2.5yrs 1 4%

Lead Generation —

—

Lead Optimization —
3.0yrs 1 15%
Preclinical Development
1.0yrs 10%
Phase I, Il & llI Clinical Trials

6.0yrs 68%
FDA Review & Approval
1.5yrs f 3%

Bioinformatics / Compound Library

Molecular Biology A 4

(Target Finding) Virtual / Real
{High Throughput
Screening)

Targets Hits
> >
Py Al' -

Structural Biology and
Molecular Modeling

-

Medicinal
; & Chemistry
A
Improved
Leads

Lead Optimization Lead
Structure
v

.
@s, o™
o
®arch Informe™

Selection
of a Drug
Candidate

Preclinical Dev.
Clinical Development
Registration

Launch

TPharmacoIogy

Pharmacokinetics & Metabolism

In silico interventions are poised to cut down

Drug to the Market the cost and time in drug discovery

14 yrs $1.4 billion (revised to $2.6 billion in 2016

Source P A R E X ERharmaceutical R&D Statistical Sourcebook,2001, p96.; Hileman, Chemical Engg. News,2006
84 50-1.
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ChemGenome

A novel method to interpret
the language of DNA and to
identify protein coding genes
and other functional units on
genomic DNA

Sanjeevini
A freely accessible state of
the art software suite for
tructure based drug
covery ..

MRNA

X{ 991 weLb{ PDageLEIy

Polypeptide SequenceRanked among the top ten

Snapshot of the N
Genome Supercomputer @IITD servers globally, Bhageerath Protein

predicts tertiary  structures
of proteins, tackling a grand
challenge problem

° GENOME T oDfierveaatari( )pathway envisages delivering Novel drug
molecules/Personalized medicine to society from genomic / proteomic information

used for the deployment
of Dhanvantari Suite
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What is happening inside the cells? Essentials:

1. DNA is made of 4 bases:
A G,C,T.

g AU Errication Watson-Crick pairincstates
| u A pairs with T(U) and T(U) with A.
G pairs with C and C with G

2. Proteins are made of 20 Amino
acids.

Genetic codamaps the
correspondence between bases ar
amino acids.

A depiction of geneexpression(the centraldogma),summarizedas DNA (gene)makesRNA&
RNAmakesproteins, the two stepsbeingcalledtranscriptionandtranslation

DNA carries genes which code for several types of RNAs such as mRNA, tRNA, rRNA,
etc.. Only mRNA gets converted into proteins.

RNAVvirusespose an exceptionto central dogmain that RNAof virus gets convertedto DNA
within the host with the help of reversetranscriptaseenzymeof the virus The DNAof the virus
now in the host, followsthe centraldogmausinghost cellmachinery



Double helical DNA

X-ray diffraction photograph of a DNA fiber at high humidity (Franklinand Gosling,1953).
Interpretation of the helicatXandlayerlinesaddedin blue.

A

Layer Lines

e
L —

= <

J

' Hellcal X
N

(uanysaied aseq) 1eadsaa 1eo119H+

The Nobel Prize in Physiology or Medicine 1962 m

"for their discoveries concerning the molecular structure of
nucleic acids and its significance for information transfer in

Q
TRy
m

living material”
- o

Francis Crick

James Watson Maurice Wilkins
MRC, UK

Harvard U., USA London U., UK
i b. 1928 (IUSA) K. 1916 (new Zealand)

A little bit about DNA before discussing Genomic language
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Structure types and helical parameters*

Structure | Pitch Helical Axial Turn Minor Major Minor Major
type Symmetry| rise angle groove(w) | groove(w) | depth (d) | groove(d)
ADNA | 282 11 2.56 32.7 11.0 2.7 2.8 13.5
BDNA | 338 10 3.38 36.0 5.7 11.7 7.5 8.5

Z DNA 45.0 6 3.70 -30.0 8.8 2.0 3.7 13.8

b

P o e oo £

DNA Conformation, Polymorphic forms

. Major
360°= one helical kit
turn
B
10.5 bp per turn 1 Base Pair Tilt - 6°
Helix Pitch L Mi
: il inor
35.7A /, ﬁ\\\Groove
R, e ‘\
o 3.3 \—> /& b
34.3" twist angle [ / "/ | 3.4A Axial Rise
rotation per residue) (x A
v BT ~
"'/ g i ‘\
Z f by \
N
. . . (2 i
B DNAis physmloglcally the most relevant form Helix Diameter
20A

Pradeep Pant, Saher Afshan Shaikh, B. Jayaram, "Design and Characterization of Symmetric Nucleic Acids via
Molecular Dynamics Simulations”, Biopolymers 2016 DOI: 10.1002bip.23002
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Intra-base pair & interbase pair parameters
DNA is a dynamic molecule!!

X
y
Shift (Dx) Tilt (7)
Z z
X
y _~ y =
Slide (Dy) Roll (»)

Rise (Dz) Twist (w)

x-displacement (dx) Inclination (1)
Z

<
X
7 y\%

y-displacement (dy) Tip (@)



Supercomputing Facility for Bioinformatics & Computational Biology, IIT Delhi
www.scfbio-iitd.res.in
A Centre of Excellence of the Department of Biotechnology, Govt. of India

Sphere
No Condensation
(Total Dissociation)
Manning Theory:

1 e
Net charge on DNA phosphaterhos: —~-024 V-

Plane

Partial neutralization Total condensation

of the charge
2

L ETTGS, NP a3
..";7¥-> —Fae S e s

-y St =T 2 Counterion Condensation in Nucleic Acid Systems:
S e microscopic view

< L{EL"- .-.3':"— “{log-s

‘-“i-i”.:"{{p 3 FOt ;3. : Jayaram et al.,Macromolecules23, 3156 (1990);

a5F ..‘;.:‘;; e l' 2 '_.:_:5—:. ;, ‘: .

E s i~ g - M. Young, B. Jayaram, and D. L. Beveridge, J. Am. Chem. Sog

o7 otag = 7
e e L

1997,119,59-69.

B. Jayaram and D. L. Beveridge, Annu. Rev. Biophys. Biomol.
Struc., 1996,25, 367-394.
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Making Drugs against DNAYNADrug: Minor groove interactionslake a molecule that fits well in

the grooves of DNA (Steric complementarity) and additionally makes hydrogen bonds with the base |

(electrostatic complementarity) to cure cancer etc. or to control gene expregsjon..
Netropsin

o.

- .::_ :: ...,H,_- h_.' '-..... /N'F"CHrCH{ ‘,ﬁNHz
T - | E H s =i
N—CHy, N = s l = Ji

HoN==w = ‘ = A 2 NH,
N ? / 7'
NH, H /éz\ P~
c2— A'T A. o

B. Jayaram , K. A. Sharp, and B. Honig, "The electrostatic potential of B DN A ¢
Biopolymers 1989 28975993 DNA exhibits sequencespecificgroove potentials.



Energy based classification of 110 protein-DNA complexes

net electrostatics (kcallmol)
-250 -200 -150 -100 -50 0 50 100 150 200 250

DNA targeted drugs must
turn the DNA off or on like
the DNA binding proteins!

non-electrostatic (kcal/imol)
@

@ helix-turn-helix € Zn coordinating « zippers ¢ enzymes ¢ beta sheet

Energy components convey the signature of the DNA binding motif
Jayaram & Jain, Annu Rev.Biophys Biomol Struc., 2004,33,343-61

Methdology: B. Jayaram K. McConnell, S. B. Dixit, D.Beveridgg & CNBES 9y S NH &-DNA/
Binding: TheEcoRP y R2 y dzOt S| d)Eompatatidal Bhyigs1999,151, 333357.



Supercomputing Facility for Bioinformatics & Computational Biology, IIT Delhi
www.scfbio-iitd.res.in
A Centre of Excellence of the Department of Biotechnology, Govt. of India

) Back to Genome

source:http://phenomena.nationalgeographic.com/2013/02/28/genonies-the-curious/
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The Nobel Prizein Chemistry TheNobel Prizein Chemistryl1980wasdivided, one

1958 was awarded to half awarded to Paul Berg "for his fundamental
Frederick Sanger "for his studies of the biochemistry of nucleic acids, with
work on the structure of particular regard to recombinantDNA", the other
proteins, especially that of half jointly to Walter Gilbert and Frederick
insulin®. Sanger "for their contributions concerning the

By structure above is meant, covalent determination of basesequencesn nucleicacids'.
O2yySOGAGAlEe OAT ® &aS[dSYyOS AY UZRFeQa
parlance. ) _

Protein Sequencing DNA Sequencing

»

Frederick Sanger, 1958 Frederick Sanger, 1980

Source: www.nobelprize.or:
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ftp://ftp.ncbi.nim.nih.govgenomegH sapienSCHR KX
DEFINITIONHomo sapiens chromosome X
ORIGIN
1 ccaggatggt ccttctcctg aaggttaatc cataggcaga tgaatcggat attgattccbuestion Can you infer
61 gticttggaa taatctagag gatctttaga atccattggg attcataatc acagctatgc .
121 cgatgccatc atcaccggct tagccctttc tgaaaacaca gtcatcatct ac:cc:ccatg;]e meaning  of .the
181 gaatcacgat gcaaaaaacc tgtcccaaag cggtggtttc ctatgtgatt cttgcatccy AUENCEDN the Ief.t just
241 ggacaaatga cagtcagcag agaggcgecc tgticcatct ttiggtitga tecagttady' reading them: without
301 ggcacacacg tgagcaccca acgtttgcca actcagcact gggcagagcec tggeoéigng at definitions or

7 ~ Ve Ve ~

3613 3F F G330 FGdOGaGoadr GOF G Gusidgsonedaftivarerd G G
Answer. No body can
DEFINITIONHomo sapiens chromosome Y todayX.
ORIGIN

1 ggtttcacca agttggccag gctggtctcg aactcctgac ctcaggtgat ctgtccacct

61 cggtgtccea aagtgetggg attacaggty tgaaccacca cacccagect catgtagiat. s the | anguage of
121ttaaaaatga actacaggtg gattacaaac ctgaatatca aagaaaactt ttttttttg NA that oroteins
181 aaaatagagg gaaatgtctt ataacctcag agttaggagg tttttcttag atacaatac $
241 aaaagcataa ccacgcccat agtcccagcet actcaggagg ctgaggcata agaa‘tﬁ%\@ﬁrStandandwe RZy(
301gagctcgaga ggtggaggtt gcagtgagec gagatcctge cattgcactc cagctgaggce
36140 F OF 3343 3r3aaqGrartrtrt FEEFEFEFEEFEFEEE O FFIOFAGE I C


ftp://ftp.ncbi.nlm.nih.gov/
ftp://ftp.ncbi.nlm.nih.gov/genomes/
ftp://ftp.ncbi.nlm.nih.gov/genomes/H_sapiens/
ftp://ftp.ncbi.nlm.nih.gov/genomes/H_sapiens/CHR_X/

ToJo TePole Po Io Po oo I»  Pole Do

Genetic Disorder

| dzy GAY 302y Q&

tFNlAYa2y Q&

Sickle Cell
Tay-Sachs Disease

Cystic Fibrosis
Breast Cancer

Leukemia
Colon cancer
Asthma

Rett Syndrome
Brukitt lymphoma
Alzheimer disease

Werner Syndrome
Angelman Syndrome

Specific genetic disorders

Reason

5 A & SEkcasSive repeats of a thraease

sequence, "CAG" on chromosome

5 A & S |varigtions in genes on chromosomes 4,6.

DiseaseMutation in hemoglobiib gene on
chromosome 11

Controlled by a pair of genes on
chromosome 15

Mutations in a single (CFTR) gene

Mutation on genes found on chromosomes
13& 17

Exchange of genetic material between the long
arms of chromosome 6 & 22.

Proteins MSH2, MSH6 on chromosom&2
MLH1 on chromosome 3 are mutated.

Disfunctioning of genes on chromosome 5, 6,
11, 14&12.

Disfunctioning of a gene on the X chromosome
Translocations on chromosome 8

Mutations on four genes located on
chromosome 1, 14, 19 & 21.

Mutations on genes located on chromosome 8.

Deletion of a segment on maternally derived
chromosome 15.

(Source:http://www.ncbi.nim.nih.gov)
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List of tools available for gene prediction

1. FGENESH http://linux1.softberry.com/all.htm Ab initio
2. GenelD http://www1.imim.es/geneid.html Ab initio
3. GeneMark http://exon.gatech.edu/GeneMark/gmchoice.html Ab initio
4, GeneMark.hmm http://exon.gatech.edu/hmmchoice.html Ab initio
5. GeneWise http://www.ebi.ac.uk/Tools/Wise2/ Homology
6. GENSCAN http://genes.mit.edu/GENSCAN.html Ab initio
7. Glimmer http://www.tigr.org/software/glimmer/ Ab initio
8. GlimmerHMM http://www.cbcb.umd.edu/software/glimmerhmm/ Ab initio
9. GRAILEXP http://compbio.ornl.gov/grailexp Ab initio
10. GENVIEW http://zeus2.itb.cnr.it/~webgene/wwwgene.html Ab initio
11. GenSeger http://bioinformatics.iastate.edu/ebin/gs.cgi Homology
12. PRODIGAL http://prodigal.ornl.gov/ Homology
13. MORGAN http://www.cbcb.umd.edu/~salzberg/morgan.html Ab initio
14, PredictGenes http://mendel.ethz.ch:8080/Server/subsection3 1 8.html Homology
15. MZEF http://rulai.cshl.edu/software/index1.htm Ab initio
16. Rosetta http://crossspecies.lcs.mit.edu Homology
17. EuGéne http://eugene.toulouse.inra.fr/ Ab initio
18. PROCRUSTES http://www.riethoven.org/Biolnformer/newsletter/archives/2/procrustes.html Homology
19. Xpound http://mobyle.pasteur.fr/cddin/portal. py?#forms::xpound Ab initio
20. Chemgenome http://www.scfbigiitd.res.in/chemgenome/chemgenome3.jsp Ab initio
21. Augustus http://augustus.gobics.de/ Ab initio
22. Genome Threader http://www.genomethreader.org/ Homology
23. HMMgene http://www.cbs.dtu.dk/services/HMMgene/ Ab initio
24. GeneFinder http://people.virginia.edu/~wc9c/genefinder/ Ab initio
25. EGPRED http://www.imtech.res.in/raghava/egpred/ Ab initio
26. mGene http://mgene.org/web Ab initio




¢2RI&Qa
Computational
Challenge!

Genome
assembly and
genome
annotation
(understanding
what each base
pair does after
correctly
assembling the
genome)

Eukaryotic Gene Prediction Accuracies

Intra- and interspecies gene prediction accuracy ltgpecies performance figur

derived from 5fold crossvalidation are along the diagonal in bold. (Korf, 2004)

Genomic DNA

At Ce Dm Os
Parameters Measure SN| SP| SN | SP| SN | SP| SN | SP
Nuc 97.1/95.2| 78.7{91.3| 77.7/68.0| 90.7| 71.8
At Exon 82.9|81.2|44.3| 52.8| 38.6| 24.0| 57.1| 42.3
Gene 54.3|46.8| 20.9| 11.3| 18.8| 5.7 | 20.5| 9.7
Nuc 83.5/91.5/97.6/94.2|81.3| 73.6| 79.7| 74.5
Ce Exon 40.5/49.9| 85.5|79.3|42.2| 29.8| 27.5| 26.0
Gene 25.7|18.1|46.0| 32.5|21.9| 8.8 |13.9| 7.3
Nuc 30.01 95.3/45.9/95.0/194.3| 86.5| 78.4| 89.8
Dm Exon 16.5|41.3| 29.9| 47.2| 78.6| 67.2| 50.0| 58.4
Gene 32| 43| 78| 6.9 |50.8/37.5/36.3|28.9
Nuc 39.3|96.3| 24.9| 95.5| 79.8| 88.7| 86.2| 94.0
Os Exon 30.7147.6|11.1| 36.6|47.4|44.4|70.2| 72.4
Gene 5161|533 78|27.2|/17.2|51.2|37.0

Most methods
today are based
on sophisticated
mathematical
and statistical
techniques but
rely heavily on
sparse
experimental
data for training
the models to
do predictions.
These methods
are typically
organism
specific.

There is no
universally
applicable
model!
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Finding genes in Arabidopsis Thalilana

N e
(Thale cress) Sax
Software Method Sensitivity Specificity

GeneMark.hmm
http://www.ebi.ac.uk/genemark/ Sth-order Markov model 0.82 0.7
GenScan :
http://genes.mit.edu/GENSCAN.html Semi Markov Model 0.63 0.70
MZEF Quadratic Discriminant 0.48 0.49
http://rulai.cshl.org/tools/genefinder/ | Analysis ' '
FGENF "
http://www.softberry.com/berry.phtml Pattern recognition 0.55 0.54
Grall
http://grail.lsd.ornl.gov/grailexp/ Neural network 0.44 0.38
FEX' Llnear_Dlscrlmlnant 0.55 0.32
http://www.softberry.com/berry.phtml| analysis
FGENESP :
http://www.softberry.com/berry.phtml Hidden Markov Mode! 0.42 0.59

*Desired: A sensitivity & specificity of unity (all true genesare predicted with no false positives)
While it is remarkable that thesemethodsperform sowell with limited experimental data to train on,
more research,new methods,new waysof looking at genomicDNA are required!



Adenine " Thymine Guanine Cytosine

A universal model must factor in the chemical nature of the bases not just their alphabets
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ChemGenome

Build a hypothesis driverthree dimensional PhysiceChemical vector for DNA sequences,
which as it walks along the genome, distinguishes Genes (coding regions) from Neenes

)
@gy&,

Stacking energy
‘o

"A Physico-Chemical model for analyzing DNA sequences”, Dutta S, Singhal P, Agrawal P, Tomer R,
Kritee, Khurana E and Jayaram B, J.Chem. Inf. Mod. , 200646(1),78-85.
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Estack = (B tEi) + (B tE ) + (BO+E,) +H(ESHE L+ B L) +(EFEL+ EL)

Hydrogen bond & Stacking energiesfor all 32 unique trinucleotides were
calculated from long “Molecular Dynamics Simulation Trajectories on 39
sequencegncompassingll possibletetranucleotidesn the #ABC databaseand
the data was averagedout from the multiple copiesof the sametrinucleotide.
The resultant energieswere then linearly mapped onto the [-1, 1] interval
giving the x & y coordinatesfor eachcodon(double helical trinucleotide) .

"Beveridgeet al., BiophysJ, 2004 87, 3799813 “Dixit et al., BiophysJ, 2005 89, 3721-40; Lavery
etal., Nucl. Acid Res, 2009 38, 299313 Passiet al., Nucl. AcidsRes, 2014 42, 1227212283.



Supercomputing Facility for Bioinformatics & Computational Biology, IIT Delhi
www.scfbio-iitd.res.in
A Centre of Excellence of the Department of Biotechnology, Govt. of India

A selfconsistent set of molecular dynamics derived hydrogen bonding, stacking and
solvation energiesfor dinucleotides

AA -5.44 -26.71 -32.15 -171.84
AC -7.14 -27.73 -34.87 -171.11
AG -6.27 -26.89 -33.16 -174.93
AT -5.35 -27.20 -32.55 -173.70
CA -7.01 -27.15 -34.16 -179.01
CC -8.48 -26.28 -34.76 -166.76
CG -8.05 -27.93 -35.98 -176.88
CT -6.27 -26.89 -33.16 -174.93
GA -7.80 -26.78 -34.58 -167.60
GC -8.72 -28.13 -36.85 -165.58
GG -8.48 -26.28 -34.76 -166.76
GT -7.14 -27.73 -34.87 -171.11
TA -5.83 -26.90 -32.73 -174.35
TC -7.80 -26.78 -34.58 -167.60
TG -7.01 -27.15 -34.16 -179.01
TT -5.44 -26.71 -32.15 -171.84
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Correlation Coefficient=0.98

Predicted Tm (°C)

Experimental Tm {°C)

Tm(AC)=(7.351 E) + [ 17.34I In(Len) ] + [4.961 In(Conc])+ [0.89 In(DNA)] - 25.42

The computed 6 E(bBydrogen bond+stacking energy) correlates very well with experimental melting
temperatures of DNA oligonucleotides

Garima Khandel wal and B. Jayaram, OA phenomen
of DNA s eRLOSONE,2&LEH5(8): €12433. doi:10.1371/journal.pone.0012433

Garima Khandelwal, Jalaj Gupta and B. Jayaram, "DNA energetics based analyses suggest additionz
genes in prokaryotes"J Bio Sc, 2012,37, 433444, DOI 10.1007/s1203812-92217
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The Nobel Prize in Physiology or Medicine 1968

Robert W. Holley, Har Gobind Khorana andMarshall W. Nirenberg
nNterpretat.]
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Why degeneracy in genetic code? What is the molecular basis for wobble?

Conjugate
rule acts as a
good
constraint on
t he
coordinate of
chemgenome
or one can
simply use
+1/-1asin
the adjacent

tabl e 1 R_dc Sef-P

for gene
identification

TTT Phe-1 GGT Gly +1 | TAT Tyr -1 GCT Ala +1
TTC Phe-1 GGC Gly+1 | TAC Tyr -1 GCC Ala +1
TTA Leu-1 GGA Gly+1 | TAA Stop-1 | GCA Ala +1
TTG Leu-1 GGG Gly+1 | TAG Stop-1 | GCG Ala +1
ATT lle +1 CGT Arg -1 CAT His +1 ACT Thr -1
ATC lle +1 CGC Arg -1 CAC His +1 ACC Thr -1
0z OATA lle +1 CGA Arg -1 CAA GIn+1 | ACA Thr -1
ATG Met+1 | CGG Arg -1 CAG GIn+1 | ACG Thr -1
TGT Cys-1 GTT Val +1 AAT Asn+l | CCT Pro-1
TGC Cys-1 GTC Vval +1 AAC Asn+l | CCC Pro-1
TGA Stop-1 | GTA Val +1 AAA Lys+l | CCA Pro-1
TGG Trp -1 GTG VvVal+1 | AAG Lys+l | CCG Pro-1
AGT Ser-1 CTT Leu+1 GAT Asp+1 | TCT Ser-1
CTC Leu+l |GAC Asp+l |TCC Ser-1
AGA Arg -1 CTA Leu+l |GAA Glu+l |TCA Ser-1
AGG Arg -1 CTG Leu+l |GAG Glu+l |TCG Ser-1

Stacking & hydrogen
bonding explain it!

Extent of Degeneracy in Genetic Code is captured fyule of Conjugates

A12is the conjugate of G2& U12is the conjugate of G,2(A2x C2& Gzx U)
With 6 h-bonds at postions 1 and 2between codon and anticodoythird base is inconsequentih

With 4 h-bonds at positions 1 and 2 third base is essential

With 5 h-bonds middle pyrimidine renders third base inconsequentialmiddle purine requires third base.

B. Jayaram, "Beyond Wobble: The Rule of Conjugates",J. Molecular Evolution 199745, 704-705.
RULE: +1 if G is the first base,C at the 1stbase and (T/A) on2nd base;-1 if C on 1stbase and (G/C) or2nd base


http://www.nobelprize.org/nobel_prizes/medicine/laureates/1968/
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ChemGenome
A Physico-Chemical Model for identifying signatures of functional units on Genomes

Protein-nucleic acid interaction
propensity parameter

=2 Stacking Energy

=2 Hydrogen Bonding

meter

Protein-Nucleic acid
(& interaction para
A

O
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Distinguishing Genes (blue) from NorGenes (red) in
~ 900 Prokaryotic Genomes

A B C D E F

Three dimensional plots of the distributions of gene andgam® direction vectors for six best
cases (Ato F) calculated from the genomes of

(A) Agrobacterium tumefacierf8iC_003304), (BWolinella succinogeng®NC 005090),

(C) Rhodopseudomonas palustfid¢C 005296), (DBordetella bronchisepticdNC 002927),
(E) Clostridium acetobutyliciunfNC 003030), (FBordetella pertusigNC 002929)

Poonam Singhal, B. Jayaram, Surjit B. Dixit & David L. Beveridge, Molecular Dynamics Based
PhysicochemicalModel for GenePrediction in Prokaryotic GenomesBiophys J., 2008 94, 41734183
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Computational Protocol Dedar@dne Prediction

Read the complete genome sequence in the FASTA format

!

Search for all possible ORFs in all the six reading frames

Calculate resultant unit vector for each of the ORFs

!

Classify the ORFs as genes or nongenes depending on their
orientation w.r.t. universal plane (DNA space)

!

Genes and false positives

!

Screening of potential genes based on stereochemical
properties of proteins (Protein space)

!

Second stage screening based on amino acid frequencies in
Swissprot proteins (Swissprot space)

Potential protein coding genes
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TheChenGrome2WebServer

http://www.scfbidtd.res.in/chemgenome/chemgenomenew. |

CHEMGEMNOME 2.0

An ab-initio Gene Frediction Software

Chamoenoma is an sb-irdo gane pedichon softweware, which Aind ganss n omoharyobc genoomas in all sies
raading frames. Tha mathadology follaws a phrvsicochamical approach and has baon validab=ad ol =272
prokarsotic genomes. FRead more about CShemGenome

Download CHERMGGERDME 2.0 TOr Linu= anwiranment fram herns *©

wmt] Ewalidared o

Input File

Foanm ITh ermmgancornma ] [ THda=ar ]

Aaddidon al Poramehers

Threshold waluss - Starc Cadon @ TS cra [ =TS TS

Medod @ Er e L Pproe=in O Swissprot

E -rnail ID : | ¢ CiptHornall

Flrraosfrolof Faftre s IFf yow lhhavae small geamnam e you c=2n s pacifye lowsr thrashold wslua b find smallsr gerns=. [F
rau hawv=e larnge genomeas pyou can specify higher threshold walue bo wesed out false posidwe=s

Himrd Comdaosrs Yaw can spacify wwhiat shoold Bbe Hhaae start cadon weith o wehich you weank o find genass.

F =t T =

Sftld Space: Tha mathod Eskas complabe= ar park of gamnomas saquenocea of prmokaryobic =spacdas im FASS5TAO Fformake as=
imput fil=. [L saarchaes far ganss basad on physico—chamical propertias oF daoaublas-helical dao=yribonuwclaic acid

[ ] o

Ao EEity Soace: ThE method takes che result generaced from ORS space as input file and wworks as a filcer based

an sbareochamical propardes of grobain sequancas to reduce Falsae pasiidvas.

Swisserod Soons Thea mathod cakas the masule ganarastad from protsin spaca as inpout fAile and caloualatsas tha
starmndard dawiatomn of a query NnuclEotds =saqguanoca (pradicted gansa saquenca) with the =swiss prot prolbb=ain=s
bas=d on e Fegusrncy oF occarrsrnce=s af aminoacdds. 5 areshoald sesasndard dawiadon is chhozan Ebao Easp thae
false positive=s at minimoum and precision St ma=imuom.

Thara i= no Ale =size limiktation Ffor s ganomas. YWwa harse ta=s=tad omn morsa tham 5 MBE geanoms file =idcsa availabla
writhh bu=. IFEhe grogram crashe=s aon large genom e si=zs, mors than 5 HB, pleasse indmate u=.

Tha computadon may Eaka S-10 minutas depanding upon e load on the wab =srvar and Hhe siza of the
gernon= in Bha inpork fila.,

e will Be glad b5 receive your sugge stions and cammentsAfe edback ak scfhio@scfhio- itd e=in .
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Back to Finding Genes in Arabidopsis thaliana ™.

-

(Thale cress) o

Software Method Sensitivity Specificity
ChemGer_lo_r_ne . Physicachemical model 0.87 0.89
www.scfbiaiitd.res.inf/chemgenome
GeneMark.hmm
http://www.ebi.ac.uk/genemark/ Sth-order Markov model 0.82 0.7
GenScan :
http://genes.mit.edu/GENSCAN.html semi Markov Mode 0.63 0.70
MZEF Quadratic Discriminant 0.48 0.49
http://rulai.cshl.org/tools/genefinder/ | Analysis ' '
FGENF "
http://www.softberry.com/berry.phtml Pattern recognition 0.55 0.54
Grall
http://grail Isd.oml.govigrailexp/ | U@ Network 0.44 0.38
FEX. Llnear_Dlscrlmmant 0.55 0.32
http://www.softberry.com/berry.phtml| analysis
FGENESP :
http://www.softberry.com/berry.phtml Hidden Markov Model 0.42 0.59

The physico-chemicalmodel (Chemgenome)performs aswell asany other sophisticatedknowledgebasedmethods It
is a simple three parameter model, transferable across organisms and is amenable to further systematic
improvements.
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Chemgenomemethodology enablesdetection of not only protein coding regions but also promoters,
introns & exonsetc.. Garima Khandelwaland B. Jayaram,€ ! phenomenologicalmodel for predicting
melting  temperatures of DNA & S| dzSy OFL&S SONE 2010  5(8): 12433
doi:10.1371journal .pone.0012433



Nucleotide stability profile of Genomic DNA
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Nucleotide stability profile (Top panel) for a stretch (1-12200bases)of Escherichiacoli K-12 (NCBI ID:
NC_ 000913 genome,along with the sequenceannotations plotted using Artemis software, depicting
lower thermodynamic stability for non-genic regions The blocks in green (middle panel) depict
annotated CDS from the genomewith their functional annotation information (bottom panel)
GarimaKhandelwal,Rebeccalee, B. Jayaram,D. L Beveridge,d ! Statistical ThermodynamicModel for
Investigatingthe Stability of DNA Sequencesrom Oligonucleotidesto D Sy 2 Y Bigpléys J, 2014 106
(11), 24652473 DOL 10.1016j .bpj.201404.029



DNA Energetics
helps in identifying
new genes even in
annotated?®

Prokaryotic genome

Calculate melting profile using Tm
predictor for longer sequences

Extract higher melting regions (relative to

genom the gvelage Tm of the sequence) and
extend them to form ORFs

Run BLASTP against protein database

Sequences match with Sequences do not match with

protein database (GROUP

) protein database (GROUP 1)

No match with Match with
the query query
genome genome

Physicochemicahdector

Garima Khandelwal, Jalaj
Gupta, B. Jayaram,
Gt NB R Né&wiGegesin

t N2 1 I NRI2 BicS §c§ =
2012 37,433-444.

Genelike

Non-Gene like

proteins

Filter sequences on the basis of
stereochemicaproperties of

Filter sequences on the basis of standafd
deviations in the frequencies of tripeptides
in Swissprot

|

Non-Gene
like




Physicochemical fingerprinting of RNA geneﬁw
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We advance here a novel co\ﬁ'c“:épf'{
characterizing different classesof RNA geneson-";
the basis of physico-chemical properties of DNA
sequences ,{ 
3
Data consists of ~7.6 million RNA geﬁes
comprising ~7.3 million mMRNA (magenta,circ{é:'if
255524 tRNA (cyan, star), 5250 miRNA (greé?fi,
pentagon),3747snRNA (blue, square), 13997,3;_65
rRNA (brown, diamond), 13745 23S rRI‘&A
(purple, triangle) and 12907 5S rRNA (orange,
cross)genesfor 9282 prokaryotes and eukarﬁotes

availableat NCBI.

a

U \
'
‘{,
1
L

Ankita Singh, Akhilesh Mishra, Ali Khosravi, Garima Khandelwal, B. Jayaram, "Physico-ch','ehwical

fingerprinting of RNA Genes",Nucleic AcidsResearch2016 DOI: 10.1093nar/gkw 1236 g
GarimaKhandelwaland B. Jayaram,& 5 bwater interactions distinguish messengelRNAgenesfrom transfer RNA3 S y Qd\ﬁZChem
Soc, 2012, 134(21), 88148816 DOt 10.1021ja 3020956
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http://nar.oxfordjournals.org/content/early/2016/12/08/nar.gkw1236

Transcriptional start sites

With almost no universal consensugpromoter sequencan prokaryotes, recruitment of RNA polymerase(RNAP)
to preciselocationshasremained an unsolvedpuzzle
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Muliple sequencealignment of twelve sequencespf 90 nucleotide (-75to +25 of TSS)length, randomly
selectedone from each organism using Tea-Coffee multiple sequencealignment tool using default
parameters The alignment wasviewedby JalView software.

Sequences vary significantly from consensus
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Structural Dimension
£

Hucleotide Position

Normalized values of thirty one structural and energy parameters of all the twelve organisms vs nucleotide
position with respectto TSS. Each organism was given single colour for all the 31 parameters The plot
represents 372 lines (31 x 12). Methodology was tested on 12 organisms (prokaryotes) belonging to
Archaebacteriaand Eubacteria comprising 16519TSSs A clear peak and cleft is observedat TSS

A. Mishra, P. Siwach,P. Misra, B. Jayaram M. Bansal,W.K. Olson,K.M. Thayer,D.LBeveridge,"Towardsa universal
structural and energetic model for prokaryotic promoters", Biophysical Journal, 2018
DO110.1016] .bpj}.201808.002

DNA is talking!


https://www.cell.com/biophysj/pdf/S0006-3495(18)30924-X.pdf

Let us read the book of Human Genome soon like a Harry Potter novel !

Rice Genome..NoveP Human Genome

Buffalo Genome...Novel3 ~ 3000 Mb

éée. .

Gene & Gene related Sequences Extra-genic DNA
900 Mb 2100 Mb

Repetitive DNA  Unique & low copy number

Coding DNA Non-coding DNA
420 M 1 M
90 Mb (3%) 1! 810 Mb 0 Mb 680 Mb
Tandemly repeated DNA Interspersed genome wide repeats

Satellite, micro-satellite, mini-satellite DNA _ _ ‘
LTR elements, Lines, Sines, DNA Transposons
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The Grand Challenge of Protein Tertiary Structure Prediction

The Bhageerath Pathwa

GLU ALA GLU MET LYS ALA SER GLU ASP LEU LYS LYS HIS GLY
VAL THR VAL LEU THR ALA LEU GLY ALA ILE LEU LYS LYS LYS GLY HIS
LEU HIS----

HIS GLU ALA GLU LEU LYS PRO LEU ALA GLN SER HIS ALA THR LYS HIS




|s protein structure so important?

Seeing is believing! Proteins are the nanobiomachines which carry out the functions
coded in the genomesto keep the organisms alive. How do they work?

How do cells sense their environment?
Nobel Prize in Chemistry 2012:Robert J. Lefkowitz andBrian K. Kobilka "for studies of Gproteincoupled receptors”
How are proteins synthesized?
Nobel Prize in Chemistry 2009Venkatraman Ramakrishnan, Thomas A. SteitzandAda E. Yonath "for studies of the
structure and function of the ribosome”
How is mMRNA made from DNA?
Nobel Prize in Chemistry 2006:Roger D. Kornberg"for his studies of the molecular basis of eukaryotic transcription”
How are ions and water transported in and out of cells?
Nobel Prize in Chemistry 2003: Peter Agre and Roderick MacKinnon "for discoveries concerning channels in cell
membranes”
NMR for structure determination of proteins
Nobel Prize in Chemistry 2002:John B. Fenn, Koichi Tanaka and Kurt Wathrich "for the development of methods for
identification and structure analyses of biological macromolecules”
How is ATP synthesized?
Nobel Prize in Chemistry 1997:Paul D. Boyer, John E. Walker and Jens C. Skou
"for their elucidation of the enzymatic mechanism u
first discovery of an iottransporting enzyme, Na+, KATPase"
How does photosynthesis occur?
Nobel Prize in Chemistry 1988:Johann DeisenhoferRobert Huber andHartmut Michel "for the determination of the
threedimensional structure of a photosynthetic reaction centre"

Electron microscopy for structure determination of macromolecular assemblies: How do proteins recognize DNA?
Nobel Prize in Chemistry 1982Aaron Klug "for his development of crystallographic electron microscopy and his
structural elucidation of biologically important nucleic apigtein complexes”

X-ray for structure determination of proteins: How is oxygen taken up by the body?
Nobel Prize in Chemistry 1962:Max Ferdinand Perutz andJohn Cowdery Kendrew"for their studies of the structures
of gl obul ar proteinsi

-------- Source: www.nobelprize.org
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@ Proteins

B Hormones & factors
ODNA & nuclear receptors
O lon channels

B Unknown

A Pr ot-&ajority of Drug Targets

A Structure-based drugdesign
A Mapping the functions of proteins in metabolic pathways

NMR :
X-ray crystallography spectroscopy Comparative methods  De Novomethods
Time months months Minutes to Hours Hours to Days
_ _ Depends on similarity of
Accuracy very high very high template Moderate
Prone to failure as crystallizing a Prone to failure, Require a homologous Sampling and scoring
o protein is still an art and many and is only template with at least 30% limitations
Limitation proteins (e.g. membrane) cannot be applicable to  similarity. The accuracy is
crystallized small proteins significantly reduced when
(<150 amino the similarity is low.

acids)




Why Fold Proteins? |

Metivation: Necessihy llor protenn stucture prediction and new aleomthms

Non_redundant Reference PrOteOmeS - o Annual Growth of Avallahle Proteln Sequences in UniProt 12 o
10477 Organisms o % — Annuil Growth of Avallable Prowin Structures in FDB é
S (0 3 1.0
993Eukaryota e 2 &
372Archaea < ) A T a8
2590 Virus = [ Howto il 0s g
6522 Bacteria g m(‘\ bridge this ‘ 2 :
é 40 04 S
Number of Protein Structures in PDB | B3P? 5 E -
136717 with large redundancy A § L 155 @
Non-redundant Proteins in PDB R s :
42263 Proteins 5 EEEEEEEEEEEEEEEEE 2
Qo
7681 Human Proteins 3 kool 5
(Out of 20214 reviewed g A
prOtelnS In UnIPrOtKB) 3 (@)} o | Aonnusl Noew Addition of Folds * %
1400 = Total Namber of Folly _ : @]
Number of Protein Families <
] 3

in Pfam: 16712

Number of Protein Families with A\

[ Are all the

Number of Unique Folds
H

Structural Information: 7990 _
8% \ possible folds w00 |
ﬁum(%er of Protein Families already il

in Human Proteome:5732

H

explored?

Number of Protein Families in
Human Proteome with Structural
Information: 2254 (39%)

EEEEEEE

Annual Growth of Folds in Protein Dat

wis
nie
017
2018

www.pfam.xfam.org

i

Most of the drug targets are proteins and
to initiate structure based drug discovery research protein structures are essential


http://www.rcsb.org/
http://www.uniprot.org/
http://www.uniprot.org/
http://www.rcsb.org/
http://www.pfam.xfam.org/
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Not enough experimental structures..
Urgency for good computational predictions!
Organism # Unigue # Unique
sequences structures in
RCSB
Mycobacterium tuberculosis 4471 (uniprot) |380
Plasmodium falciparum 3D7 strain 5626 113
Plasmodium vivax 5392 53
Chikungunya virus 9 --
H1N1 influenza virus strain 15 7
Oryza Sativa 28,555 (nchi) |24
Homo sapiens 26204 (uniprot) |5532
37276 (nchi)
If you have the structure, you can hope to do structure based drug discovery and cure the diseas

Proposal:Let us Create A Computational Protein (Data Bank) Structural Repository

*Also, if you know the rules of making structures from sequencesyou can create designerstructures
(designer proteins) for specific functions (such as biocatalysts etc.) from amino acid sequences(the

inversefolding problem). Thesesynthetic biopolymers will be highly efficient & environment friendly.
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Computational Requirements forab initio Protein Folding

Strateqy A Strateqy B

WGenerate all possible conformations|| WStartwith astraightchainandsolve

and find the most stableone. F=mato capturethe most stablestate

(WFor a protein comprising 200 AA (A 200AAprotein evolves
assuming 2 degrees of freedom per AA_ 1g10sec/ day/ processor

(2290 Structures => 2200 Minutes to || (102 sec=>10 days

optimize andfind free energy ~ 10 years

200 M - 4 - e
2299 Minutes =3 x 10>*Years! With a million processors- 1 year

Anton machine is making 6 St r aBtAeable for small proteins: David E. Shaw, Paul Maragakis,
Kresten Lindorff -Larsen, StefanoPiana, Ron O. Dror, Michael P. Eastwood,JosephA. Bank, John M.
Jumper, John K. Salmon, Yibing Shan, and Willy Wriggers, "Atomic -Level Characterization of the
Structural Dynamicsof Proteins," Sciencevol. 330 no. 6002 2010 pp. 3411 346.
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HY = EY (Schrodinger) + = ma(Newton)

on Supercomputers ,
First report of QM/MM

A. Warshel & M. Levitt, fiTheoretical Studies of Enzymic Reactions;
Dielectric, Electrostatic & Steric Stabilization of the Carbonium ion in the reaction

The Nobel Prize in Chemistry 2013

"for the development of multiscale (QM/MM) models for
complex chemical systemsfi

Martin Karplus Michael Levitt Arieh Warshel jko RaEns J0L f‘\
Harvard, USA anford Univ., ol o7t & no < P W v o A
Univ. Strasbourg, . JJS:U USC, USA o Om\’i\vm 0"3\—-‘3'0-“”*0“ o+ Ho\,, %M,,\;"f 0
France b. 1947 (SA) b. 1940 (Israel) W_/ \ - *3"“‘5\\;_\, o/
b. 1930 (Austria) 581 "o o '-";(\;.A Ao
 giooh -~ e o
\‘n _ ' Asp-52 Asp2 heps2
ac®
el sP e
b R = cell wall cligosacchande chain
" -\“C. \" R’ = cell wall peptide side chain
. e \
WP ““es'ﬁ Computational methods are evolving to tackle complex many body problems

e and form the basis of sampling and scoring inle novofolding attempts
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Some online software tools available for protein tertiary structure prediction

1. CPHModels3.0 http://www.cbs.dtu.dk/services/CPHmodels/ Proteinhomologymodelingserver

2. SWISSMODEL http://swissmodel.expasy.org/SWKSDEL.html Homologybasedmethodology

3. Modeller http://salilab.org/modeller/ modelingby satisfactiorof spatialrestraints

4, 3D-JIGSAW http://3djigsaw.com/ Homologybasednethodology

5. 3D-PSSM http://www.sbg.bio.ic.ac.uk/~3dpssm/index2.html | Threadingapproachusing 1D and3D profiles

6. ROBETTA http://robetta.bakerlab.org De novo Automatedstructureprediction

7. PROTINFO http://protinfo.compbio.washington.edu/ simulatedannealingpbasedmethodology

8. SCRATCH http://scratch.proteomics.ics.uci.edu/ recursw_e neural hetwgrks, evolutionary
information,fragmentiibrariesandenergy

9. I-TASSER http://zhanglab.ccmb.med.umich.edUiASSER/ Basedonthreadingapproach

- . A H I initio  Hybrid W f

10. BHAGEERATH -H http://www.scfbigiitd.res.in/bhageerath/bhageerath h'JSB gmo ogy abinitio ybr.ld. eb server fof

roteinTertiary StructurePrediction



http://www.cbs.dtu.dk/services/CPHmodels/
http://swissmodel.expasy.org/SWISS-MODEL.html
http://www.sbg.bio.ic.ac.uk/~3dpssm/index2.html
http://robetta.bakerlab.org/
http://protinfo.compbio.washington.edu/
http://scratch.proteomics.ics.uci.edu/
http://zhanglab.ccmb.med.umich.edu/I-TASSER/
http://www.scfbio-iitd.res.in/bhageerath/bhageerath_h.jsp
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s M+ [ —||:—H Specify thef, y around each @-R

n|: | A protein is folded!

NH2 —C—H R
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Protein Folding Problem

Protein Structure

Prediction is anopen
Grand l challenge in life sciences /

Challenge physical sciences and
NP Complete Computer Science.
(hard)

ANati ve structur ec

free energy Funnel. Thermodynamic
into a 3-D structure. . .
hypothesis of Anfinsen

problem.
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From Sequence to StructureBhageerathPathway
AMINO ACID SEQUENCE

PREDICT SECONDARY STRUCTURE

}

EXTENDED STRUCTURE WITH PREFORMED SECONDARY STRUCTURAL ELEMENTS

TRIAL STRUCTURES (1281) 1. Persistence Length

2. Radius of Gyration

SCREENING THROUGH BIOPHYSICAL FILTERSopology
‘ 4. Inter atomic distance

5. CUloop distance

MONTE CARLO OPTIMIZATIONS AND MINIMIZATIONS OF RESULTANT
STRUCTURES (~19to 105)

ENERGY RANKING AND SELECTION OF 100 LOWEST ENERGY STRUCTURES

STRUCTURE EVALUATION (Accessible Surface Area) & SELECTION OF 5 LOWEST ENERGY STRUCTUR

'

NATIVELIKE STRUCTURES
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l Sequence

Preformed Secondary Structure

& T R A

16384 Trial Structures

Biophysical Filters & Clash Remov
10632 Structures

»

Energy Scang

RMSD=4.0 A, Energy Rank=4
Blue: Native; Red: Predicted

RMSD=2.87, Energy Rank=1774



pes, Supercomputing Facility for Bioinformatics & Computational Biology, IIT Delhi

\,> PR

:S, %’Q www.scfbio-iitd.res.in

ey A Centre of Excellence of the Department of Biotechnology, Govt. of India
Bhageerath structures for 80 small globular proteins
A &sS2F2N >a =2 &
1e0q 1603 1wac 1rju Yedin labl 1bx7 1fme lacw 1ail
P P F A FE IR D
1b6q 1rop 1nkd 1rpo 1qr8 Lyrf lyri 2erl lres 1gvd
§ 2 B &5y ™y #2f

- Yty 162k Ve e o 1mbh g 1bdc %l;) lqr9

Bhageerath - A ﬁ N

predicted ?; m’f % IEP j& 2970 T e mow

Structure ’ s = e
SR RV R R A

- 2cpg 1dvO lirg lguu 1gvs ere o089 M “eme e

Native - e %gﬁﬁw@%@@

Structure seals . -~ sidy o 1bwé 2k2a xnu 2v75 1hnr
B H S [ g €T s
1iSx 1iSy 1ku3 lyib 1aho 2k jf 1rik ljei 2hoa 2dt6
2I37 2pmr 1i2t \\gﬁ 2cu Twy3 1p%i 3nmd 2i15 3e21

Bhageerathprotocol can predict one or more candidate structures within an RMSD of 5U
from the native for small globular proteins with lessthan five secondarystructural elements

(<100 amino acids) P. Narang, K. Bhushan S. Boseand B. Jayaram, "A computational pathway for bracketing
native-like structures for small alpha helical globular proteins”, Phys Chem Chem Phys, 2005 7, 23642375



Supercomputing Facility for Bioinformatics & Computational Biology, IIT Delhi
www.scfbio-iitd.res.in
A Centre of Excellence of the Department of Biotechnology, Govt. of India

BhageerathArchitecture OUTPUT

CWLEEEEE, T, Secondary structure prediction + Energy ranking 5 Candidate
Sequence [+ Generation of extended structure + Structure evaluation structures forthe

native

ﬂ MASTERPROCESSOR A

Trial structure generation
Screening through biophysical iters
Clashremovalandenergyminimizaion | = =f============== >

SLAVE
PROCESSORS | 1rialstucture generaton

Screening through biophysical fiters
Clash remaval and energy minimization

Trial structure generation
Screening through biophysical iters
Clash removal and energy minimization | = = 7

Trial structure generation
Screening through biophysical iters
Clashremoval and energyminimizaion fp=======-==-ceccca=- >

F ] F Y

All the (eight) modulesof the protocol are currently implemented on a dedicated
280AMD Opteron 2.4 GHz processorcluster (~3 teraflops).

Jayaram et al.,Bhageerath Nucl. Acid Res.2006, 34, 619%204



BhageerathH Strgen: an exhausitive homologyab initio hybrid method for
protein conformational sampling

T PUT 0P MESYRHYIMEK LSYETDLAD LS| DK KGYEG | IWWDWH DAESY K ECHIPTAISIP GME TN EDTTER LSK EKWHTYCWY GPACHN GATE ALK FAQ LG FRW
EELIGGIEVW REEMN GEWEGTLGAKAD LPA M MNMKKESLEHHHHH

v
Secondary structure prediction and database searchfor matches

with the guery amino acid sequence

¥ v v
| FOR SCOF | PFA A |

Fold recognition and generation of tam plate-target alignments

Overall strategy:

(1) Generate
several

plaUS|b|e | pGenTHREADER | | HHSearch | | FF&503 |

. ! i ' . .
Candldate | Template based moadeling of the fragments | TaCklIng prOtelnS Of
any size and fold

structures by
. Ehogeemi
a mix of AR,

modeling of

methOdS & the missing

fragments

(2) Score them | Fragment assemhbly to generate full length decoys |
to realize | x |

Erergy scoring and ranking of the full length decoys

near-native I

Ak iritio loop sampling of top 5 energy ranked full length decoys

Stru Ctu reS using Bhageerath qb initio loop modeling method
+

Qutput: Large pool of decoys containing native-like structunes

Priyanka Dhingr a, B . ab thiaoyhygbridalgorithnfi fér samplimgponeao-g gt i ve pr ot ei nl. c
Comput. Chem., 20130I; 10.1002/jcc.23339.
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pcSM (A physicochemical scoring function)

Decoy Set

2013 18348), 1520-31; DOI: 10.1016]j.bbapap.201304.023

Native Structure
Avinash Mishra, Satyanarayan Rao, Aditya Mittal and B. Jayaram, i C a p t uNativeiNative-like
Structures with a PhysicoChemical Metric (pcSM) in Protein F o | d i BBA @rgteins & proteomics,
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FURRRSES

D2N: Distance to the native}

RMSD Range: 0-30 A

a 2 Correlation coefficient (r) = 0.97

2]

Z 1.5

T

.3 1

L= :.

g LA

& 4 %

c

=4 -

05 . 1 15 2
05 =

(Number of decoy structures :

37,714).
Ln (Original RMSD)

15

Model 1: 08 0) Model 2- 352 (296) Model ). 519 (3.61) Model 4: 602 (4.85) Model 5 4.66 (6.59)

L <§§ @ ‘o_‘«.,;;g: i ,,,j;\ It is also possible to assessthe distance of a
oy %& %&"/ % &S predicted structure from the native (to within 2 A

' 41) > 56 w\s, |
— In the absenceof experimental structures !
i — 90 Avinash Mishra, Prashant Rana, Aditya Mittal and B.

Jayar am, AD2N: Di s tBBAP&R t
Case Study: Predictedvs Original RMSD of T0644 target from 2014,1844 (10), 1794.807;
CASP10 dataset, original RMSD is given in parenthesis d0|101016/jbbapap201407010

Availability: http://www.scfbio-iitd.res.in/software/d2n.jsp



http://www.scfbio-iitd.res.in/software/d2n.jsp

ProTSAV (Protein Tertiary Structure Analysis & Validation Server)is a metawebserver designedto evaluate and validate protein
structures. The goal of this work is to provide different scoresof protein structures from different validation tools and a final score
derived from them to furnish better insight into the quality of the predicted protein structure to the user. The Meta-serveris freely
accessiblein public domain at: http://www.scfbio-iitd .res.in/software/proteomics/protsavisp; Ankita Singh, Rahul Kaushik

AvinashMishra, AsheeshShankarSharma,B. Jayaramda t w h ¢ A Pratein Tertiary Structure Analysis& Validation
Metaservere BEBAproteins& proteomics,2016 18641), 11-19. DOL 10.1016] .bbapap201510.004

Quallty Assessment of Query Structure a Quality Assessment of Query Structure b

(4LAZ)

- . :
L. L R

T
Quality Assossenent Toals

Quanlity Assessmwnt Tools

Qunlity Assessment of Query Structure d
RMSD: 13.3

Quality Assessment of Quory Structure C
' RMSD: 7.08

4,
"y, " ""*»,,.
"y £ i

Quality Assonsment Tools

[} P

“, KN ", ., g,
Rl [~ o ",

- 2,

»

Quality Assessmont Tools

_ Any module predicts submitted query structure within a range of 25 A rmsd.



http://www.scfbio-iitd.res.in/software/proteomics/protsav.jsp
http://www.sciencedirect.com/science/article/pii/S1570963915002605

BhageerathH+was fielded in CASP12 (MayJuly, 2016)
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CASP12

munity Wide Experimenton the Critical Assessment of Techniques for Protein Structure Preg; ¢
lC IOn

http://predictioncenter.org/
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£3 ow BhageerathH+ can handle upto 2000 amino acids
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*TBM: Template Based Modeling *FM- Free Modeling *Kaushik, R. and Jayaram, B. (2016). Structural difficulty index: A reliable measure for modelability of protein tertiary structures. PEDS, 29(9), 391-97



12th Community Wide Experiment on the

Critical Assessment of Techniques for Protein Structure Prediction amBa
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BhageerathH+ Rank: 1 (Jointly)

Under 7A rmsd By Any Individual Server: 38
Number of Targets Predicted Under 7A

rmsd By BhageerathH+: 38

Total Native Domain Structures Available: 80
Maximum Number of Targets Predicted
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BhageerathH+ in CASP12

BhageerathH+ Prediction for High Resolution Model Structures (underr@8d)

1

Total Native Domain Structures Available: 80
BhageerathH+ Rank: 8 {Jointly)

Maximum Number of Domains Predicted

Under 3A rmsd By Any Individual Server: 20
Number of Targets Predicted Under 3A

rmsd By BhageerathH+: 13
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Success rate ~ 25%

To initiate computer aided structure based drugdiscovery..oneneeds < 32 RMSD structures C

Let us innovate and improve the methods for structure generation and refinemert
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Work in progress: Bhageerath models need refinement.



' BhageerathH+ in CASP12

Assessment of BhageerathH* on CASP12 Targets in terms of GDT-TS

(Rank in parenthesis)

Server Name GDT O| BT O| ®&O®T O| 75 Server Name GDT O |x®DT O/ 6DT O
Zhang-Server 33 (1) 23 (1) 8 (7) ROSETTA 25 (23) 19 (16) 6 (16)
QUARK 32 (2) 22 (6) 9(2) FFAS-3D 25 (23) 18 (19) 6 (16)
BhageerathH+ 32 (2) 23 (1) 8 (7) chuo-u-server 25 (23) 14 (26) 3 (26)
MULTICOM-CLUST 31 (4) 21 (10) 8 (7) chuo-u2 25 (23) 14 (26) 3 (26)
MULTICOM-CONSTR 31 (4) 19 (16) 8 (7) ZHOU-SPARKS-X 24 (27) 17 (23) 5 (20)
IntFOLD4 31 (4) 23 (1) 7(12) Pareto-server 22 (28) 12 (29) 3 (26)
RaptorX 31 (4) 23 (1) 7(12) PhyreTopoAlpha 21 (29) 9(31) 3 (26)
ToyPred_email 31 (4) 22 (6) 7 (12) RaptorX-Contact 21 (29) 1(41) 0 (40)
MULTICOM-NOVEL 30 (9) 21 (10) 10 (1) MUfold1 17 (31) 13 (28) 4 (24)
GOAL 30 (9) 23 (1) 9(2) Pcons-net 17 (31) 4 (37) 0 (40)
Seok-server 30 (9) 20 (15) 7(12) YASARA 16 (33) 11 (30) 3 (26)
HHGG 29 (12) 21 (10) 9(2) Atome2_CBS 15 (34) 8 (32) 6 (16)
HHPredO 29 (12) 21 (10) 9(2) Seok-assembly 10 (35) 6 (34) 2 (33)
HHPred1 29 (12) 21 (10) 9(2) MUfold2 8 (36) 7 (33) 2(33)
Distill 29 (12) 18 (19) 8(7) ACOMPMOD 8 (36) 5 (35) 2(33)
RBO_Aleph 29 (12) 16 (24) 4 (24) Seok-naive_assembly 7 (38) 3 (38) 1(39)
FALCON_TOPO 28 (17) 22 (6) 5 (20) MULTICOM-REFINE 7 (38) 1(41) 0 (40)
FALCON_TOPOX 28 (17) 22 (10) 5 (20) GOAL_COMPLEX 6 (40) 3(38) 3 (26)
myprotein-me 28 (17) 18(19) 3 (26) GAPF_LNCC 6 (40) 0 (43) 0 (40)
slbio 28 (17) 18 (19) 6 (16) MAT-SmotifTF 5 (42) 5 (35) 2 (33)
tsspred2 28 (17) 19 (16) 5 (20) FFASO3 3 (43) 3(38) 2 (33)

FLOUDAS 26 (22) 16 (24) 2 (33)

75
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BhageerathH* methodology with latest improvements was fielded in the recently concluded CASP13

# Groups: 207
# Servers: 87

# From India: 1 experiment (15t May i 17t July, 2018). BhageerathH* succeeded in predicting 9 targets out of 15 (whose

(Only I1ITD )

experimental structures (native information) is released in PDB) with rmsds under 5A and this is as

good as the performance of any other participant server.
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The user
iInputs the
amino acid
seguence
& five
candidate
structures
for the
native are
emailed
back to
the user

BhageerathH: A Freely Accessible Web Server

http://www.scfbio-litd.res.in/fbhageerath/bhageerath_h.jsp

BEHAGFFRATH-H: A Homology ab-intio Hybrid Web server for Proteinn Tertianrwy Stoucture Prediction

"Bhageerath-H" accepts amino acid segquence to predict S candidate structures for the native., Here user has the flexibility
to mention reference PDOEBE(=s) for modeling. Method has been fielded in CA5SP9 Experiment and has been improwved since.

[Repository] [Tutorial] [Sample File] [Links] [Help] [Home]

FProcess ID 1l7ed6z24

E-rnail address: | |

Upload sequence in FASTAS formmat | Choose File | pla file chosen

OR Input Amino acid sequence in FASTAS format

[(ara ||| [waL ] ||[Leu ] || [1LE ] [(PRo ]

[(meT |||[[FHE ] ||[TRP ] || [ G | || [ =ER ]

P [THr ]||[crs ]| [asm )| [ cm | || [Trr ]

|[ASP ]”[GLI_I ]”[LYS]H[ARG ]” [HIS]|

Template Informmation

& puto Template Searching C'user Defined Template

[ |eopBIp -| | chainID Add Clear

[ suermMIT | [ RESET |

B Jayaram, Priyanka Dhingra, Avinash Mishra, Rahul Kaushik, Goutam Mukherjee, Ankita Singh and Shashank

Shekhar, nBhageerath-H: A homology/ab initio hybrid serverfor predicting tertiary structures of monomeric soluble
pr ot eBM@ Biainformatics,2014 Volume 15 Suppl 12, S8.
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Protein Structure Prediction: Path to Mt. Everest is worked out'Near CAMP VAl




Protein Folding i Unsolved
Protein-DNA recognition T Unsolved
Protein-RNA recognition T Unsolved

Protein T Protein recognitioni Unsolved
Non-covalent recognition beyond hydrogen bonds (W&C; LP) is an unsolved problem

Other properties of amino acids.

Physicechemical properties of amino acids
Average masses, volumes and surface areas of each amino acid

e . . . . . 1 3 . Residue Surface
Textbook classificationsof amino acids Thesidechainsof jetter letter CheMical Average gy me areq

. . .. i formula | (Daltons) »
the proteinsdiffer in size,shape,charge hydrogenbonding ¢°de code v

. h ical - Ala |CsHsON [71.0788 88.6 115
capacityandchemicalreactivity. Arg |G ON, 15618781734 225

Asn |C4HgO.N, (114.1038/111.1 150
Asp |C4HsO3N |115.0886/114.1 160
Cys |C3HsONS |103.1388/108.5 |135
Glu |CsH/O3N  (129.1155/138.4 190
GIn |CsHgOzN, (128.1307/143.8 180
Gly |CHsON |57.0519 60.1 75

His |CeH/ON; [137.1411/153.2 |195
lle |CeH11ON [113.1594166.7 |175
Leu |CgH1iON |113.1594/166.7 (170
Lys |CsH120N, (128.1741/168.6 200
Met |CsHoONS (131.1926/162.9 |185
Phe |CoHsON [147.1766/189.9 210
Pro |CsH/ON |97.1167 |112.7 |145
Ser |CsHsO.N |87.0782 |89.0 115
Thr |C4H/O,N |101.1051|116.1 140
Trp |Cy1H100N, 186.2132227.8 255
Tyr |CoH9ON 163.1760/193.6 230
Val |CsHoON |99.1326 (140.0 155

Theycanbe groupedasfollows:

(a) Aliphaticsidechainsg Gly(G),Ala(A),Val(V),Leu(L),lle
() andPro(P)

(b) Hydroxylaliphaticsidechains- Ser(S)and Thr(T)

(c) Aromaticsidechainsg Phe(F), Tyr(Y),and Trp (W);

(d) Basicsidechains- Lys(K),and Arg( R)andHis(H);

(e) Acidicsidechains- Asp(D)and Glu(E)

(f) Amidesidechains- Asn(N)and GIn(Q);

(g) Sulphursidechains- Cys(C)andMet (M).

(i) Chargecaminoacids K,R,H,D, E
(i) Polaraminoacids S,C,T,Y,N,Q,W
(il)Nonpolar (hydrophobiclaminoacids G,A,V, I, L,F,P,M

< Xlg|4017 XM T TO0 MO0 Z 0>
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TR O

What we do know so far? Sequi¢

l VTAYASY Qa SELISNA Yéy“ CMA Y g A Y A
The Nobel Prize in Chemistry 1972

The Observation: to Christian B. Anfinsen ofor his work on ribonuclease, especially concerning the
connection between the amino acid sequence and the biologically active conformation", the
other half jointly to Stanford Moore and William H. Stein "for their contribution to the
understanding of the connection between chemical structure and catalytic activity of the

—_— active centre of the ribonuclease molecule".
1. Reduce 1. Remowve urea
2.8 Murea 2. Oxidze
Mative
. Denatured M ative
(100% active) (inactive) (=00% active)
The Control:
1. Reduce 1. Oxidize . !
2.8 Murea R urea C. B. Anfinsen S. Moore
MHative Denatured "Scrambled”

(1-2% active)

Anfinsen proposed his "Thermodynamic
Hypothesis", which states that there is
sufficient information contained in the
protein sequence to guarantee correct
folding from any of a large number of
unfoldedstates
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Secondary structure
formation -- Yes
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) : ) Ry 4 H~f # ’ " J,r’ ‘\\\ + parallel
Linus Pauling :;Q e RF ® o TR mw o
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NObeI. Pr!ze for - helix showing | T @ H 9 HR H 9 HR
Chemistry in 1954 hydrogen bonds gmﬁ‘a H .: i | i i
& Nobel Prize for between COof the e 0 R}{ 0o h RH parallel
: it amino acid and 'M'”d VI - I | 1 |
a I )8 C
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Hydrophobicity e Yes,; TheRamachandranPIot
Only ~ 15% of t he p hi, P S 'Aml p§a"9ﬁ§1fa% Parallel BS strandp opd
1% . D IR
- T —
180 m 3
Left-handed
90 V-helix
v 0 ° ;
| e Righthanded |
Walter Kauzmann i
(19162099) ok i  — i
hat FyR 61 GSNE ‘ . . 1 . 1
G/ 2y @Sy arzyl t"™ @ yl)\y " -180  -90 0 90 180
today: Hydrophobic G. N amachandrafl9222001) | o |
(nonpolar) residues in White space in the map above i
(away from water) and the sterically disallowed region
hydrophilic (polar)
ngﬁ/'g;’f \?V;Jtitr)(fﬁﬂﬂg Prevailing concepts on proteins are not sufficient to build tl
20 NHzZOG dzNE 2T F LINE i Stg(rg;agy structures of proteins from their sequence



Margin of Life: Amino acid compositions in proteins have a tight distribution
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In search of rules of protein folding

“Ihe avarage perosntages ocourmnos of sach amino
acid for folded proteing glves the "Chargaflf's rales'
for protein folding and the atandard deviations give
the “margin of Hre'

Folded Prote ing — from the EXxPASY Server

The avermge perventage oo e noe of eac b aniso e id

Murgin of Life Protein sequences confirmed
(mean & st By annotation and @xpecinents
Adnino At n=3718) Ao Acid Crescits ¢ wted, 0o~ 131855)
A 7 8% 34 A 72 230
v 71424 v 6.3 02
1 584 24 1 31222
| SQON% 29 A Q6 29
¥ 344 1.7 Y OIS )
o H.9:#% 1.8 o 392 18
w 1.24 1.0 W 12 409
1 444 2.0 P SA4A 26
™ 22% 1.3 M 22 4 1.2
e 1.8 1.5 o 1.9 425
e N 3.3k 249 v o 55«18
& G0N 2.5 S 7.9 028
=) 3M 2.0 Q 13220
™~ 4.2 22 ~N 12 0 1.9
[ SRk 20 1 32+ 1.9
B 70827 = 68 2.8
=1 2.3% 14 " 24 4 1N
R S0% 22 23 3329
13 G334 28 I 60 w29
ot 7.2%x 2.8 < 606+ 2N

The average poercentage oceumence of each amino acikd, their ST as
obscerved and as calculated from the Dinomial distribution

PO ST (obsarved) ST crandon
A 78 S ) 2
V. 7.1 2.4 6.6
1 5.8 2.1 55
1. 90 2.9 82
by 3.4 1.7 3.5
¥ 3.0 1.8 87
W 1.3 1.0 1.5
134 4.1 2.0 1.2
™M 22 1.3 22
(& 1.8 L5 1.8
X 5.5 2.4 52
s .0 2.5 56
Qo A8 2.0 37
N 13 2.2 1.1
(=] 58 2.0 s5
= 7.0 2.7 6.5
H 2.3 1.4 22
(53 5.0 2.3 LIt
K 6.5 2.8 39
L. 7.2 2.8 6.7

Mittal, Jayarametal. JBSD, 2010 & 2011 &ezej JBSD,
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In search of rules of protein folding: Neighborhood Analysis: 3718 Protein Crystal Structures:
Unlike nucleic acid bases which show preferential interactions, amino acids show seculari
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ittal, B. Jayaram et al. J. Biomol. Struc. Dyn.2010,\ol. 28 (2) 133142;2011, 28(4), 443-454:2011, 28(4), 663674.
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From Ramachandran Maps to Tertiary Structures of Proteins : The missing Link

Key: Construct higher order Ramachandran map:

° e o o e o
e o nile °?3§§-§3§33§55§.:sa§§3§.;;
\N/C\/N:/\\c\/‘c\c/ °$°$3°$3-":-3?-.--'-'3533???-'855-??*’?3
H §¢ F*: i C1/C2.€3/¢4/ €5 ¢6.C7]C8 09 ¢ c 21 C22]C23] 24 €25 26 27
0 Hqpg 0 -

Debarati DasGupta, Rahul Kaushik, and B. Jayaram "From Ramachandran Maps to Tertiary
Structures of Proteins”, J. Phys Chem B, 2015 11934), 1113611145 DOI: 10.102Yacsjpcb.5b02999

Debarati Das Gupta, Rahul Kaushik, B. Jayaram, "Protein folding is a convergent
problem!", Biochemicaland BiophysicalResearchCommunications2016 480(4), 741-44.



http://pubs.acs.org/doi/abs/10.1021/acs.jpcb.5b02999
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In 90 out of 100 cases a structure within 5 A from native is generated



B. Jayaram, Aditya Mittal, Avinash Mishra, Chanchal Acharya, Garima Khandelwal "Universalities in
Protein Tertiary Structures: SomeNew Concepts", in Biomolecular Forms and Functions, 2013 World
Scientific Publishing Co. Pte. Ltd ., Singapore,Eds; Manju Bansal& N. Srinivasan, pp 210219

Size

y = 0.300x + 0.561
‘ R*=0.723 et

Radius of gyration plotted against
number of residues as a logog plot
for ~ 6750 proteins. Proteins are seen
to be extremely compact compared to
random chains and synthetic
polymers in good solvents. In the
parlance of Flory, water is not a

Afgood solvento fo

In(NPA)

nin)

In|Fa)
5
B

a0 0 490 #85 20 X% 140 45 40 45 30 55 &3 45 TO rr

Iinjmj

§ = 0.TOEx + 2.382
R* = 0948

£ o

Sﬁ)lvent "'Eaccessible surface areas
Nonpolar (top panel), polar (middle

pahiel),” total (battom panél) versus
rnurprro %fergs!glée_s (n) in ~6750
proteins shownaslog-log plots.

An invariant area/ residue metric
appears to exist whether residues are
polar or nonpolar.

Total Energy (kcal/mol)

Energy

25000 O P
y=-24.46x +421.9 ¢ \
R*=0.984 P

28000

40000

Total energy of 6750 proteins
shownasa function of number of
residues

An invariant  energy/residue
metric appearsto exist
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. g_(% . ok RBPG
‘ . e\““%“a:fte !
(e@@f‘;‘:‘;\ﬁ “\i‘:@, the 3 edges of_ a triangle, 64
et 0° o 2V So‘“e‘ RBP RBPG coloured triangles  are
A in® v 17 possible By virtue of the
symmetries of the triangle,
only 20 of theseare unique.
(1) RRR (5) BBR (9) PPR (13) GGR (17)RBG
(2) RRB (6) BBB (10) PPB (14) GGB (18) RBP
(3) RRP (7) BBP (11) PPP (15) GGP (19) RPG
(4) RRG (8) BBG (12) PPG (16) GGG (20)BGP

Some observations
|. Any color occurs in exactly 10 triangles
R(1,2,3,4,5,9,13,17,18,198B (2,5,6,7,8,10,14,17,18,20);
P(3,7,9,10,11,12,15,18,19,203, (4,8,12,13,14,15,16,17,19,20)
ll. Any two distinct colors occur together in 4 triangles
R&B(25,17,18);R & P (3,9,18,19);R & G (4,13,17,19)
B& P(7,10,18,20);B & G (8,14,17,20) ;P& G (12,15,19,20)
lll. Any three distinct colors occur together in only one triangle
R,B& G(17); R,B& P(18);R,P& G (19); B,P&G (20)
I\V. All sides with same color occurs only once
R (1); B (6); P (11); G (16)
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3 '&Sf What has triangular symmetries got to do with amino acids? 1Y)
/7" There must be a chemical logic behind the evolution of 20 amino acids N
Let us hypothesize the following:

Rule 1. Amino acid side chains have evolved based on four chemical
properties. A minimum of oneand a maximum of three properties are used
to specifyeachamino acid.

Rule 2. Each property occursin exactly 10 amino acids
Rule 3. Any two properties occur simultaneouslyin only four amino acids
Rule 4. Any three properties occur simultaneouslyin only oneamino acid.

Rule 5. Amino acidscharacterized by a single property occur only once

Text book classifications do not satisfy the above rules!
Either the above rules are irrelevant to amino acids or
we need to revise our understanding of the language of proteins.

Jayaram, B.. Decoding the Design Principles of Amino Acids and the Chemical Logic of Protein
SequencesAvailable from Nature Precedingshttp://hdl.handle.net/1010¥npre.200821351 200
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Property (I): Presenceof sp® hybridized! carbonatom. (a) ExactlylOaminoacids{E,I, K,L,M, P,Q,R,T,V}
possesghis property asrequired by Rule2 above

Property (11): Hydrogenbond donor ability. (a) Exactlyl0 amino acids{C,H,K,N, Q,R,S,T,W, Y} possess
this property. (b) Also, only four amino acids (K, Q, R, T) exhibit both properties (I & Il together) as
required by Rule3.

Property (lll): Absenceof + carbon (a) Exactly10 amino acids{A, C,D, G, I, M, N, S, T, V} have this
property. lle isincludedin this setasone of the branchesof its sidechainis lackingin a1 carbon (b) | and
lIl occursimultaneouslyin only four amino acids(l, M, T, V) and similarly Il and Il occursimultaneouslyin
only four amino acids(C,N, S, T). (c) Rule4 requiresthat the abovethree properties (I, Il and Ill) occur
simultaneouslyin only one amino acid(T)and this conformsto the expectation

The most likely candidate for property (IV). Absenceof branching Linearity of the side chains/ non-
occurrenceof bidentate forks with terminal hydrogensin the sidechains (a) Thispoolstogether 10 amino
acidsin the set{A, D,E,F,H,K,M, P,S,Y}. Sidechainswith singlerings are treated aswithout forks. The
sulfhydryl group in Cysand its ability to form disulfide bridges requires it to be treated as forked.
Acceptingthat this property (IV) satisfiesRule2, (b) Rule3 is satisfiedby | and IV (E,K, M, P), by Il and IV
(H,K,S,Y)and by llland IV (A, D, M, S) (c)Also,Rule4 is satisfiedby I, [l and IV (K),by I, lll and IV (M) and
by II, lland IV (S)

With all the four properties(l, Il, Il and IV) specified,amino acidscharacterizedby a singleproperty occur
only once property | (L),property Il (W), property Il (G)and property IV (F),consistentwith Rule5.



I. Presence of | Il. Presence of | lll. Absence of | IV. Absence of | A new
Amino acid sp® hybridized | hydrogen dcarbon forks with | chemical logic
gcarbon (g) bond donor | (s) hydrogens based
group (d) 0] identities  of
amino acids
A Alanine No No Yes Yes 0odgs)ly
C Cysteine No Yes Yes No 00d;S,lo
D Aspartate No No Yes Yes godgsil,
E Glutamate Yes No No Yes 0,dyS0l
F Phenylalanine No No No Yes 00doSol3
G Glycine No No Yes No 00dssslo
H Histidine No Yes No Yes 0d,Spl4
| Isoleucine Yes No Yes No 9,dgs1lo
K Lysine Yes Yes No Yes 0,4,
L Leucine Yes No No No 05d0Solo
M Methionine Yes No Yes Yes 0,dgsil4
N Asparagine No Yes Yes No 0,81l
P Proline Yes No No Yes 0,dosol1
Q Glutamine Yes Yes No No 0,d,5lo
R Arginine Yes Yes No No 0,d:Slo
S Serine No Yes Yes Yes 09d;S:1,
T Threonine Yes Yes Yes No 0,d;sil
V Valine Yes No Yes No 0,d0S)lo
W Tryptophan No Yes No No 00950
Y Tyrosine No Yes No Yes 0od1Sol,

The 20 amino acids and some unique chemical properties of their side chaifs

Time to re-examine molecular recognition events involving proteins with a new chemical logic of AAs
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Amino acid chemical logic
alignment based protein
structure modeling

Template Selection and Query Sequerdemplate
Structure Alignment Based Upon New Chemical Logic {
Protein Sequences

N T e e, SCanNing Through
Query Sequence Protein Structure

Library

Rahul Kaushik, Ankita Singh and B. :
~ . Template Denendent Model Structure Generation

Jayar am, hnWhere 1inf (¥ULL LENGTH or FRAGMENT)

c hemi st rBiochemisrg s 0 ,

2018,57(5): 503i 505.DOI:

10.1021/acs.biochem.7b01073

e OUTPUT: TOP 5

model Structures

This methodology setsa new water Generate Full Length
mark for homology modeling of
protein tertiary structures by Loop Optimization, Energy Scoring and Ranking of F
unravelling hidden similarities! Length Candidate Structures
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In a nut-shell

Protein tertiary structure prediction attempts for soluble proteins are
progressing

Structures of membrane bound proteins are intractable still.
Rules of protein folding continue to be elusive.

Structure & dynamics => function of proteins
Suggestedeading:

Aditya K. Padhi, B. Jayaram, James Gomes,in P r e d ioCRunctoomal Loss of Human Angiogenin
Mutants Associatedwith ALS by Molecular Dynamics Si mu | a tSciemtiiicReports(NPG), 2013
3:1225 DOI: 10.1038srep01225

Ashutosh Shandilya, B. Jayaram, Sajeev Chacko, Indira Ghosh, "A Plausible mechanism for the
antimalarial activity of artemisinin”, Scientific Reports,2013 3: 2513 do0i:10.1038sre2513.



http://www.nature.com/srep/2013/130829/srep02513/full/srep02513.html
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Computational Protein Databank (CoPDB)

A Comprehensive Organism Specific Proteome-wide Structural Repository of Soluble

Proteins

== COPDB

Computational Protein Data Bank

Ve N\

Phase | Phase Il Phase 11l
BN [ 2 e PSDE [, HUPY DB
c = t) H ;—‘ R o
o T =M 2

Ankita Singh, Rahul Kaushik, Himani Kuntal, B. Jayaram, APvaxDB: A comprenh
repository of Plasmodium vivaxp r o t e @atedase, 20180i/10.1093/database/bay021/4938395.
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Target Directed Lead Molecule Design
Sanjeevini

A

]
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(
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————

B. Jayaram, Tanya Singh et al., "Sanjeevini: a freely accessibleweb-server for target directed lead
molecule discovery”, BMC Bioinformatics, 2012 13, S7. http//www.biomedcentratom/1471
210513/S17/S7



http://www.biomedcentral.com/1471-2105/13/S17/S7
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De novoLEAD -LIKE MOLECULE DESIGN: THE SANJEEVINI PATHWA

Database msp Candidate molecules 4= User

Drug Target Identification

Mutate / Optimize

Drug-like filters <

Geometry Optimization
Quantum Mechanical Derivation of Charges
Assignment of Force Field Parameters

Active Site Identification on Target &

3-Dimensional Structuree——, Ligand Docking

of Target

Energy Minimization of Complex
Binding free enelgy estimates Scoring
Molecular dynamics &
postfacto free energy component analysis (Optiorjal)

Lead-like compound

Jayaram et al Indian i GhamigtreAe2006,A5A,d8341837
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NRDBSM/Million molecule Sl Protein-ligand Complex/ Protein/DNA sequence
library/Natural products ligand .

database molecule I
I
: |
v |
Predict all I
Check Lipinski compliance possible |
binding sites I
and store top |
ten sites M

: Generate

canonical A/B
) DNA or MD
g averaged
structure of B
D}\IA
< — =
: : Optimize geometry, derive Assign force field 4,""5
Cornevennn , | guantum mechanicalcharges parameters

!

Perform molecular dynamics simulations andoost factofree energy component analyses (Optional

B. Jayaram, Tanya Singh, Goutam Mukherjee, Abhinav Mathur, ShashankShekhar, Vandana Shekhar,"Sanjeevini: a
freely accessibleveb-serverfor target directed lead moleculediscovery"”, BMC Bioinformatics 2012 13 (Suppl 17):S7.
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http://www.scfbio-iitd.res.in/utility/LipinskiFilters.jsp
Supercomputing Facility for Bioinformatics & Computational Biology, IIT Delhi

§ paawees

Home | Group | Publicstions | Resources | Contact Us

Lipinski Rule of Five
Lipinski rule of 5 helps in distinguishing between drug like and non drug like

molecules. It predicts high probability of success or failure due to drug
likeness for molecules complying with 2 or more of the following rules

Molecular mass less than 500 Dalton

High lipophilicity (expressed as LogP less than 5)
Less than 5 hydrogen bond donors

Less than 10 hydrogen bond acceptors

Molar refractivity should be between 40-130

These filters help in early preclinical development and could help avoid costly
late-stage preclinical and clinical failures .To draw a chemical structure Click
Here and follow the instructions given.

Step 1: Input Drug File.

[Upload the file in the following formats
*.pdb, *.mol,*.mol2,* xyz,*.sdf,*.smi]

| Browse_ |Noﬁle selected.

Step 2 : Input pH Value

pH value 7

Step 3: Click on "Submit’ to submit your job

[ Submit ][ Reset ]
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http://www.scfbio-iitd.res.in/dock/ActiveSite _new.jsp

Supercomputing Facility for Bioinformatics & Computational Biology, IIT Delhi
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Welcome to the Active Site prediction

Active Site Prediction of Protein server computes the cavities in a given protein.

Click here to see 'How to Use Tool'. [sample Protein File] [sample Drug File]

Tanya Singh, D. Biswas, B. Jayaram]. Chem. Inf. Modeling, 201151 (10), 2518527.
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Rank of the cavity points vs. cumulative percentage prediction

Top ten cavity points capture the active site 100 % of time in 640 protein targets
100 e

P 50 //
; A
(F\;GO
= 40
N
A 20
G
E O T
Prediction accuracies of mg@gtlve site f‘)y dlfferent softwares
Sl. No Softwares Topl Top3 Top5 Topl0
1 SCFBIO(Active 73 92 95 100
Site Finder)
2 Fpocket 83 92 -
3 PocketPicker 72 85 -
4 LIGSITE ¢ 69 87 -
5 LIGSITE 69 87 -
6 CAST 67/ 83 -
I PASS 63 81 -
8 SURFNET 54 78 -
9 LIGSITE °s¢ 79 - -
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http://www.scfbio-iitd.res.in/software/drugdesign/raspd.jsp

Supercomputing Facility for Bioinformatics &
Computational Biology, IIT Delhi

Goutam Mukherjee and B. Jayaram, "A Rapid Identification of Hit Molecules for Target Proteins
via PhysicaChemical Descriptors"”, Phys. Chem. Chem. Phy013 DOI:10.1039/C3CP44697B

RASPD for Preliminary Screening of Drugs

The challenge for computer aided drug discovery is to achieve this specificity - with small molecule inhibitors - in
binding to target proteins, at reduced cost and time while ensuring synthesizability, novelty of the scaffolds and
proper ADMET profiles. RASPD is a computationally fast protocol for identifying good candidates for any target
protein. The binding pocket of the input target protein is scanned for the number of hydrogen bond donors,
acceptors, number of hydrophobic groups and number of rings. A QSAR type equation combines the afore-
mentioned properties of the target protein and the candidate meclecule and an estimate of the binding free energy is
generated if the target protein were toc complex with the candidate. The most interesting feature of this methodology
is that it takes fraction of a second for calculating the binding affinities of the protein-candidate molecule complexes
as opposed to several minutes in known art today for regular docking and scoring method, whereas the accuracy of
this method in sorting good candidates is comparable with the conventional techniques. We have alsc created million
molecules database. This database is prepared to include chemical formula, structure, topological index, number of
hydrcgen bond donors and acceptors, number of hydrophobic groups, number of rings, locgP values for each of the
million moelecules. Scoring of 1 million small molecule database by RASPD method to identify hits for a particular
protein target is also web enabled for free access at the same site.

Click here to see "How to Use Tool'.

‘@ Method A [Protein-Ligand Complex]

Method B [Protein 30 Structure Witheut Ligandl - Soreening millions of compounds in minutes (!
based on physicechemical descriptors

) Method C [Custocmized Dataset]
' Method D [Customized Molecule]

Browse_ | No file selected.

Enter Ligand Id [Identifier]: DRG

Home | Drug Design Software VYWNNT



http://www.ncbi.nlm.nih.gov/pubmed/23646352
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http://www.scfbio-iitd.res.in/software/drugdesign/baitocnewjsp

Supercomputing Facility for Bioinformatics & Computational Biology, IIT Delhi
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BAITOC: Bioactivity information to organic chemists

India is well known for its expertise in organic synthesis.Few drug molecules however have come out of
the diverse Laboratories. There i1 an urgent need te inform the organic chemist of the
bioactivity/therapeutic potential of his / her molecule. The aim of BAITOC project is to fill this void,
through rapid scans against a database of pathogen protein structures, which cause diease to humans
and passing on this information to the scientist who can check the bio-activity of the molecule and
further attempt to elaborate his/her scaffold to develop lead molecules.

We present here an application scftware for helping in development of laboratory generated organic
melecules as lead compounds. The application screens thousands of protein structures against the input
organic melecules in a time efficient manner and provides informaticn on proteins (PDBID) showing
high binding energy to the molecule under investigation.

[Quick User Manual] [Descriptive User Manual] [Baitoc Video]

Formal Charge (O

Input Ligand file No file selected. (*Sample Ligand File in .pdb fermat)

E-mail

[ Submit J[ Reset J

Abhilash Jayaraj et al., 2018, manuscript in preparation.
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Quantum Chemistry on Candidate drugs for
Assignment of Force Field Parameters
http://www.scfbio-iitd.res.in/software/drugdesign/charge.jsp
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G. Mukherjee, N. Patra, P. Barua and B. Jayaram,). Computational Chemistry, 20182, 893907.
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MONTE CARLO DOCKING OF THE CANDIDATE DRUG IN THE
ACTIVE SITE OF THE TARGET

www.scfbi(}iitd.res.in/dock/pardock.jsp

RMSD between the docked &
the crystal structure is 0.2

ENERGY MINIMIZATION

!

5 STRUCTURES WITH LOWEST ENERGY SELECTED

A. Gupta, A. Gandhimathi, P. Sharma, andB. Jayaram,i Par DOCK: An Al |l Atom Energ
Protocol for Protein-L i g a nd C o RrptéineardePsplide Letters, 200¥4(7),632-646.
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Docking Accuracies
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RMSD between the crystal structure and one of the top five docked structures
Tanya Singh, D. Biswas, B. Jayaram]. Chem. Inf. Modeling, 201151 (10), 2518527.
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ENERGY BASED SCORING FUNCTION
DG'%ind = DHAéI + DHA\&dW B TDSA?tvc + DGAﬁpb

o A & b
T R N |

Protein-Drug

r=0.92

Correlation between experimental &
calculated binding free energy for 161
protein-ligand complexes (comprising 55
unigue proteins)

T. Jain & B.Jayaram,

-5 -10 -15
Calculated Binding Free Energy (kcal/mol)

-20

FEBS Letters,2005, 579, 665%666
www.scfbiciitd.res.in/software/drugdesign/bappl.jsp

DNA-Drug

Correlation between experimental
D T,and calculated free energy of
interaction for DNA -Drug Complexes

S.A Shaikh and B.Jayaram,
J. Med.Chem, 2007, 50, 2242244

-10 -20 -30 -40

Calculated Free Energy of interaction (kcal/mol)

r=20.90

-0 www.scfbioiitd.res.in/software/drugdesign/preddicta.
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Comparative Evaluation of Scoring Functions

: Dataset Correlation Reference
S| SCOMNg |\ rathog ni Coefficient
No.| Eunction Training | Test 09(r|)C|e
1 Present Force field / 61 100 r=0.92 FEBS Letters 2005, 579, 6659
" | Work(BAPPL*) | Empirical
2. DOCK Force field - - - J. ComputAided Mol. Des. 2001,3, 411
3. EUDOC Force field - - - J. Comp. Chem. 2001, 22, 1750
4. CHARMmM Force field - - - J. Comp. Chem. 1992, 13, 888
5. AutoDock Force field - - - J. Comp. Chem. 1998, 19, 1639
6. DrugScore | Knowledge - - - J. Mol. Biol. 2000, 295, 337
7. SMoG Knowledge - 36 r=0.79 J. Am. Chem. Soc. 1996, 118, 11733
8. BLEEP Knowledge - 90 r=0.74 J. Comp. Chem. 1999, 202, 1177
9. PMF Knowledge - 77 r=0.78 |J.Med. Chem. 1999, 42, 791
10. DFIRE Knowledge - 100 r=0.63 J. Med. Chem. 2005, 48, 2325
11 SCORE Empirical 170 11 r=0.81 J. Mol. Model. 1998, 4, 379
12, GOLD Empirical - - - J. Mol. Biol. 1997, 267, 727
. 82 12 r=0.83 J. ComputAided Mol. Des. 1994, 8, 243
13 LUDI Empirical 1998, 12, 309
14, FlexX Empirical - - - J. Mol. Biol. 1996, 261, 470
15. ChemScore | Empirical 82 20 r=0.84 |J. ComputAided Mol. Des. 1997, 11, 425
16. | VALIDATE Empirical ol 14 r=0.90 J. Am. Chem. Soc. 1996, 118, 3959
17. Ligscore Empirical 50 32 r=0.87 J. Mol. Graph. Model. 2005, 23, 395
18 X-CSCORE Empirical 200 30 r=0.77 J. ComputAided Mol. Des. 2002, 16, 11
(consensus)
19, GLIDE Force.ﬁeld/ - - - J. Med. Chem. 2004, 47, 1739
Empirical

T. Jain & B.Jayaram, FEBS Letters, 2005579, 66596666
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Binding Affinity Analysis on Zinc Containing Metalloprotein -Ligand Complexes

-20

Predicted Binding Free Energy (kcalimol)

0 2 -4 -6 -8

Comparativeevaluation of some
methodologies reported for
estimating binding affinities of
zinc containing metalloprotein

ligand complexes

-10 -12

-14 -18 -18
Experimental Binding Free Energy (kcalimal)

-20

Correlation  between the predicted and

experimental binding free energiesfor 90 zinc

containing  metalloproteirligand  complexes

comprising5 uniquetargets

T. Jain & B. Jayaram, Proteins Struct Funct. Bioinfo.
2007 67, 11671178
www.scfbio-iitd.res.in/software/drugdesign/bapplz.jsp

Tanya Singh, Olayiwola Adedotun Adekoya B. Jayaram
"Understanding the binding of inhibitors of Matrix
Metalloproteinases by molecular docking, quantum
mechanicalcalculations,molecular dynamicssimulations,
and a MMGBSAMMBappl study”, Mol. BioSyst, 2015 11,
1041-1051

Contributing - - Training Test >
S. No. Group Method Protein Studied Set Set R
1. Donini et al MM-PBSA MMP - 6
2. Rahaet al QM CA & CPA - 23 0.69
3. Tobaet al FEP MMP - 2 -
4. Hou, et al LIE MMP - 15 0.85
5. Hu et al Force Field MMP - 14 0.50
6. Rizzoet al MM-GBSA MMP - 6 0.74
7. Khandelwalet al QM/MM MMP - 28 0.76
Force Field /| CA, CPA, MMP,

8. Present Work Empirical AD & TL 40 50 0.77
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Some freely accessible weservers from SCFBio for docking and scoring

{Nhe ..«m.l Conhact Us

2 A e & W™
=== ~ [Meene | Group | Dublivatiurs

BAPPL server

Welcome to the DAPFL serwr

mr;-wmt Fhamz w0 of Protein-Ligand (BAL) server c-rput lrez:rdn:rAee e;,-_ : or
nd complax ugng an all atom enurgy based ing function [1] Carboric Anhyérase complexed with Ligand 22d Zmc ion (1cil}

Bappl+ web-server with a physu:ochemlcal scoring function and an Al technlque (Random forest
prediction) is coming up soonthat can handle ligand binding to any protein with or without any metal
ilon with higher accuracieéﬁ»

Supercomputing Facility for Blolnformatics & Computational Biology, IIT Delhi

b | Group | Publications | Resources | Walbimall | Contact Us

ParDOCK

Automated Server for Protein Ligand Docking

Step 2: Lhadifid is m lde in the ra®i of 6& around the COM
Ference ligand,
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Studying DNA/Drug Interaction$, Eds, Dr. Meni Wanunu & Prof. Yitzhak Tor, 2011, Ch14, 317338, CRC Press.
8

7 P
6 \\ TGCATGCA_plasmodium
5 \\ TGCATGCA_Humans
\
=== GTGTGCACAC_Plasmodium
\\ ‘\\
\ AN e GTGTGCACAC_Humans
3 N
\ \\
2 \\ S = = = GCACGCGTGC_Plasmodium

e GCACGCGTGC_Humans

Log ;, of Frequencies
SN
e &P
v

0 2 4 6 8 10
Number of Base Pairs

Logarithm of the frequencies of the occurrence of base sequencesof lengths 4 to 18 base pairs in

Plasmodium falciparum (malarial parasite) and in humans embedding a regulatory sequence
TGCATGCA (shownin green), GTGTGCACAC (blue) and GCACGCGTGC (orange)or parts thereof,

of the plasmodium. The solid lines and the dashed lines correspond to humans and plasmodium,

respectively Curveslying betweenO and 1 on the log scaleindicate occurrencesin singledigits => Base
sequencdo constitute a unique target (occuring only once)must be 18to 20 bp long.
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Methods and software for DNA targeted drug discovery
for minor groove bindersand intercalators
www.scfbio-iitd.res.in/software/drugdesign/preddicta.jsp
PreDDICTA
Predict DNA-Drug Interaction strength by Computing &Tm and Affinity of binding,
> Correlation
' between
About Preddicta 104 experimental
.. D T,and calculatec
free energy of
DNA& Drug Interaction 0 interaction for
0 4 DNA-Drug
50
DNA Drug Complex Data Set WSS 37

Expenmental AG®

Complexes

S.A. Shaikh and B. Jayaram,J. Med. Chem., 20080, 22402244
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Methods and software for DNA targeted drug discovery
for minor groove binders andintercalators

www.scfbio-iitd.res.in/intercalate
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Docking accuracies on 65 drug-
DNA complexes

Anjali Soni, Pooja Khurana, Tanya Singh, B. Jayaram, "A DNA Intercalation Methodology for an Efficient Prediction
of Ligand Binding Pose and Energetics"Bioinformatics 2017 33, 148896.
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Binding Affinity Analysis

After obtaining candidate molecules from docking and scoring, molecular dynamics simulations
followed by free energy analyses (MMPBSA/MMGBSA) are recommended.
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Parul Kalra, Vasisht Reddy, B. Jayaram, fi AFree Energy Component Analysis of HIV -1 Protease
Inhibitor Bi1 n d iJnMgdChem, 2001, 44, 43254338




Shaikh, S., Jain. T., Sandhu, G., Latha, NJayaram., B., A physiceachemical pathway from targets to leadSurrent
Pharmaceutical Design, 2007,3, 34543470.(Tackling side effects due to afarget binding computationally!)
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Target9

Target10

Targetll

Targetl3

Targetl2

Targetl4

BLUE: HIGH BINDING AFFINITY GREEN: MODERATE AFFINITY ORANGE: POOR AFFINITY

Diagonalelementsepresentrugtargetbindingaffinity andoff-diagonalelementshowdrug-nontargetbindingaffinity. Drug 1 is specificto Targetl, Drug 2 to Target2 andsoon. Targetl is
lymphocytefunctionassociateantigenLFA-1 (CD11A) (1CQP, Immune systemadhesionreceptor)and Drug 1 is lovastatinTarget2 is Human CoagulationFactor (1CVW; Hormones&

Factors)and Drug 2 is 5-dimethyl amino 1-naphthalenesulfonic acid (dansylacid) Target3 is retinokbinding protein (LFEL; Transportprotein)and Drug 3 is n-(4-hydroxyphenyl)aHtrans
retinamide(fenretinide) Target4 is humancardiactroponinC (1LXF; metalbinding protein)andDrug 4 is 1-isobutoxy2-pyrrolidino-3[n-benzylanilino]propane(Bepridil). Target5 is DNA

{1PRP, d(CGCGAATTCGCG)}andDrug 5 is propamidine Target6 is progesteroneeceptor(1SR7; Nuclearreceptor)and Drug 6 is mometasonduroate Target7 is plateletreceptorfor
fibrinogen (Integrin Alpha-11B) (1TY5; Receptor)and Drug 7 is n-(butylsulfonyl}o-[4-(4-piperidinyl)butyl}--tyrosine(Tirofiban). Target8 is humanphosphodiesterastB (1XMU ; Enzyme)
and Drug 8 is 3-(cyclopropylmethoxyn-(3,5-dichloropyridin4-yl)-4-(difluoromethoxy)benzamid€Roflumilast) Target 9 is PotassiumChannel (2BOB; lon Channel)and Drug 9 is
tetrabutylammoniumTarget10 is { 2DBE; d(CGCGAATTCGCG)}andDrug 10 is DiminazeneaceturatgBerenil). Targetl1lis Cyclooxygenas® enzyme(4COX; Enzymes)andDrug 11 is
indomethacinTarget12 is EstrogerReceptoi(3ERT; NuclearReceptorsandDrug 12 is 4-hydroxytamoxifen Target13 is ADP/ATP Translocasé (1OKC; Transportprotein)andDrug 13is
carboxyatractylosideTarget 14 is GlutamateReceptor2 (2CMO; lon channel)and Drug 14 is 2-({[( 3e)-5-{ 4-[(dimethylamino)(dihydroxyJambda-+4~-sulfanyl]phenyl}8-methy}t2-oxo-
6,7,8,9-tetrahydre1H-pyrrolo[3,2-H]isoquinolin-3(2H)-ylidene]amino}oxy}4-hydroxybutanoic acid The binding affinities are calculated using the software made available at
http://www.scfbic-iitd.resin/software/drugdesign/bapjsip andhttp://www.scfbic-iitd .resin/preddicta




Anti cancer

A few designed, synthesized &
tested biphenyl based molecules
against
estrogen receptor targeting
breast cancer

Biphenyl 9 wh 9 wh O wi
compounds B.E (kcalmol) I1G,(> @ B.E (kcalmol)

3a -7.00 146 -6.67 >150

3b -7.50 2.27 -7.03 >100 3b is identified to be

3d -6.01 4.27 -5.46 >150 inhibitor with an
VSIS Complexes 9 w-Bb 9 w8b ICsp0f 2. 27 ¢
(kcal/mol) NGyig -23.63 -20.41

Soni, A.; Virmani, M. ; Kaushi k, S.; -Biacetyl Bighgnsl Analogs,.and thd

Derivativeso with Appl i Chathidcadology & Drbgedesign, 30DRI610. DLENcHdE. 03125 ;


http://onlinelibrary.wiley.com/doi/10.1111/cbdd.13126/abstract
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Sanjeevini 6s2 success sto

Anti Al zhei mer o0s JeeseTe =
Target: Acetylcholinesterase "\'j' b % '):>[ e o
Compounds IC50 value against E*?}EZ:Z;EE‘::J@ [:]
AChE? (eM) N \ ’
10c 2.84+0.25 T 'Nf,"\ O%
10e 0.67+0.13 e il b, "~
lla 2.77+0.67
1lic 0.161+ 0.04
11d 1.39+£0.14
12a 1.37+0.44
12b 0.036+0.12
12c 0.93+0.28
Donepezil 0.038+ 0.34
Tacrine 0.13+£0.21

Jitendra Kumar,Asim Gill,Marziya Shaikh,Anju Singh, Ashutosh Shandilya, Ehtesham Jameel, Nitin Sharma, Nirotpal Mrinal, Nasimul Hoda, B.
Jayaram, "Pyrimidine-Triazolopyrimidine and Pyrimidine-Pyridine Hybrids as Potential Acetylcholinesterase Inhibitors for Alzheimer's
Disease", Chemistry Select: Medicinal Chemistry & Drug Discovery, 2017. DOI: 10.1002/slct.201702599



doi: 10.1002/slct.201702599
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Anti malarials

Computational predicted energies (kcathol) Experimental binding affinities
Target: N-Methyl transferase PF SCF_ -823  PF SCF 8 -1063
1
Pt PF_SCF_ -9.11 PF_SCF 9 -10.14 P_SCF_04 -0.8uM Pf_SCF_ 02  -28
NH > UM
)\ PF SCF_ -0.12 PF_SCF 10-12.12 Pf_SCF_13 ~58uM Pf SCF 14 -~71
N Ny 3 M
| PF_SCF_ -11.85  PF_SCF_11-11.57 Pf_SCF 05  ~77uM Pf_SCF 06 ~100
= M
NH N NH 4 H
I I PF_SCF_ -8.12 PF_SCF_12-10.34 Pf_SCF_10 ~1.5pM Pf_SCF_07 ~2.4uM
Rs R>
Pf_SCF_11 ~10puM Pf SCF 12 ~10uM
. Examples of R R, 5 - - H - - H
v = = R, ~ PF_SCF_ -9.12 PF_SCF_13-9.85 Pf_SCF_ 01 -~21pM Pf SCF_03 ~26
N
N-Methyl tran%rasedocked with N . O 6 pM
triazine derivative Il " PF_SCF_ -9.96 PF_SCF_14-9.15

selectivity for parasite cell over
human cell. Other inhibitors also

IC5,= 0.8 uM to 10 uM and top two N| o~ /h N 7
inhibitors showing 17- 34 fold k N
g N/ Nl\/ w

—n R e

show more than 10 fold selectivity g e e
ﬁ . 2 77_ ” d i " :
122 -%J HIS 1 Q El 3
- s ~
-
@
o
¢ %% % e e e R R e o el
L 10 2 ¥ “ 0 w0 » 0 w0 wo
DRUG CONCENTRATION (uM) INHIBITOR CONCENTRATION (u)
Parasite growth inhibition assay. (A) selected inhibitors from the docking analysis tested in the parasite
growth inhibition assay using double dilution till 8 points (100 pM to 0.78 uM). (B) Cytotoxicity

measurement for inhibitors exhibiting anti-plasmodium effect is shown.

Ashutos ’ anailya, 0 a’~ ameena an'_ - te_Sham HIS 122 functions as a general base to abstract a proton from the hydroxyl group of TYR 9 to activate t
Jamee| Jitendra Kumar, B. Jayaram, fiDe novolead optimization of  residue. Pf_SCF_10 by translating between these two residues further sway them apart from each othe

triazine derivatives identifies potent antimalarial 003 Mol. Graphics distort this mechanism of action and hence TYR 9 alone is insufficient to drive the methylation reaction.
& Modelling, 2017 71, 96i 103 DOI: 10.1016j.jmgm.201610.022 Nanomolar compounds, Bioorganic Medicinal Chemistry Letters, 2018 (under revisior


http://www.sciencedirect.com/science/journal/10933263/71/supp/C
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Anti virals

. ) Experimental Ki values against Hepatitis A and Human Rhino Viruses
Target: Picornavirus 3C Proteases P g P

Compound 1 Compound 2 Compound 3
HAV HRV HAV HRV HAV HRV
3.0£0.1| 3.2£0.1 | 8.6+0.7 | 5.5+0.3 | 25+0.1 | 3.2+0.2

Designing generic inhibitors against picornavirus proteases

- Compound 4 Compound 5 Compound 6
: HAV HRV HAV HRV| HAV HRV
1.4+0.1|1.7+0.1| 117.8+22.3 | N.D.| 3.3+0.2 | 2.6+0.1
Compound 7 Compound 8 Compound 9

HRV

@ % HAV HRV HAV HRV HAV
@ Ligand: Compound 6

@ K,against HAV= 3.3 uM 1.2+0.1| 1.5+£0.1| 21+0.1| 25+0.1| 1.6x0.1| 1.6x0.1
K, against HRV= 2.6 uM

. Common residues in the active sites of picornavirus 3C proteases
> Catalytic triad residues

*Ki values are ine M concentrations

Kamalika B a n e r Ruclketka Bhaty , \BhasKadraRao,
Anshu Nain, Kartik Lakshmi Rallapalli, Sohona
Gangopadhyay R. P. SinghManidipa Banerjee*, B
Jayaram*, Towards development of generic inhibitors against
the 3C proteases opicornaviruses The FEBS Journal
Accepted, Nov2018.Doi: 10.1111/febs.147Q7




