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Results & Discussion
Homology Modeling '1
Target Sequence : Swissprot ID
P07947 (Human - YES Kinase)
Template Structure : PDB ID: 2SRC
(Chain A, Human Src Kinase)
Resolution (154 o
Target-Template Alignment
Identities 1 84% 1
Positives 192% Sre Klqase
Gaps 0% YES Kinase
> RMSD: 1.09A

Software used: Prime module of Schrodinger

89.5% and 8.9% residues are in allowed and partially allowed regions, respectively.
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In the protein side, as we discussed earlier; so the sequence identity, very high identity is
84, positive is 92 percent. In this case you can do the homology modeling; so, you can
see the homology modeling. Here this is the one is SRC Kinase and the blue one is the

C-Yes kinase and RMSD is 1.09 angstrom; so, what is RMSD?
Student: Root mean square deviation

Root mean square deviation; how far these two structures we need superimpose, they are
vary from each other. So, this is 1.09 angstrom; so we can see Ramachandran plot most
of the cases in the allowed region. So, you can see the structures; they can validate and
say the structures are in good shape. Now once this is done; you have the one static
structure, now we need to do some dynamic structures; some different conformations. In
this case we can do model dynamic simulations; so, what the MD works, how MD
works? So, you can apply some temperature and pressure and the different time frame;

you will get different types of structures.
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Results & Discussion

Molecular Dynamics (MD) Simulation
* MD Simulation was carried out using Gromacs simulation package with

OPLS force field.
» The structure was solvated using SPC/E Water model with 10 A cubic box.

Iy

* Energy minimization was performed until the convergence attained.

® The system is equilibrated for desired temperature (300 K) and pressure (1
atm) using Berendsen thermostat.

® Unrestrained production runs were carried out under NPT ensemble.

® Length of simulation: 100 ns with 2fs time step

® The coordinates were saved at | ps time interval.
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So, we can use various packages available with the literature like Amber or the Gromacs;
different force fields. You can simulate the particular protein and at their various time
frame; you can get the conformation. So, you can see once we get several conformations,

these are the conditions used for getting these structures; so finally, we use sampling.
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Results & Discussion

Conformational Clustering
® Clustering was performed using Gromos nearest neighbour method (Daura et
al.,, Angew. Chem. Int. Ed.1999 , 38 , pp 236-240) with 2.5 A RMSD cut off.

Method:
1. Count number of neighbors using cut-off.
2. Take structure with largest number of neighbors with all its neighbors
as cluster.
3. Eliminate it from the pool of clusters.
Repeat for remaining structures in pool.
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Once we do with the different conformation, but the conformation clustering; you can
cluster only using nearest neighbour method. What they do? First they contact; count the

number of neighbours, any specific cut off we can count the neighbours. Then they take



the structure with largest number of neighbours; with all the neighbors as a cluster,

similar type of cluster; this were the how the clustering works.

Then eliminate it from the pool of clusters and the remaining the repeat for the remaining
clusters in this pool. So, likewise you can create several clusters and from this clusters;

you can identify the sample structures; you can use it for the docking.
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Results & Discussion

" From the 100ns trajectory 10 ensembles were obtained using the
conformational clustering with time interval of 5ps.

® Selected 20,000 conformations (10 clusters).
ol X
® Out of which 7 adopted open conformation and the remaining 3 are with
closed conformation.

® Superposition of 7 ensembles on to the ¢c-Src kinase is represented as cartoon.
The active site 1s highlighted using red circle.
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So, if you use the 10 nanosecond trajectory within ensembles; you can, so get the 20000
conformations with the interval of 5 picoseconds because even if we 5 picoseconds go
with the 100 nanoseconds; you will get about 20000 conformations; 20000
conformations gives you the clustering techniques in 10 clusters. Take the protein, do the
MD simulations with different time frame right for example, 5 picoseconds get

conformations and like arrange the conformations in different clusters.

We have 10 clusters and we look at the 10 clusters; 7 are open conformation and the 3
are in the close conformation. So, if it is a open conformation then the ligand go and

bind; if it is a closed conformation; we cannot bind, so this is not good for the docking.
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Results & Discussion

Cluster
Sizes: | C# | No.of frames

1 15921 /

2 1721

3 1333

4 810

5 159/

6 W/

i 16/

8 1%

9 3/

10 1
Total: 20001

M. Michael Gromiha, NPTEL, Bioinformatics, Lecture 26

So, that is fine; so if you see this is the cluster number and this is number of a frames,

some of them; these three are the closed conformation. So, we take all the open

conformation data.
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Results & Discussion
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Seven MD ensembles (C#), homology model (HM) and ¢-Sre kinase
(2SRC) are shown. The activation loop and catalytic loop are shown in
cyan and green, respectively.
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So,wehavea7;1,2,3,4,5,6,7 youcan see C 2; C 5, C 6 because this is fine; here you

can see the superimposition of all the seven structures, some of them are; this is the

ligand binding side; you can see the superimposition of the structures.

conformation you can see the seven structures 1, 2, 3,4, 5, 6, 7.



This is a homology modeling one and here this is the actual one. Now we have 9
structures; so, protein side we have now we had sets 9 structures and the ligand side how
many ligands we have? Around 11000 ligands because 5000 from this library and some

decoys and the known actives.
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High Throughput Virtual Screening and
Docking

The grid was generated based on active site amino acids Val281,
Lys295, Glu339, Met341, Asp386, Arg388, Asp404 and Tyr416.

A total of 11761 compounds were subjected for High Throughput Virtual
Screening (HTVS), Standard Precision (SP) and Extra Precision (XP)
screening methods available with Glide module of Schrodinger Suite.
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GlideScore=

* Py,pt Penalty term for burying polar functionality in a hydrophobic
environment.

* Prop ¢ Penalty term for freezing rotatable bonds.

® The Site term rewards polar, but non-hydrogen bonding interactions in the site.
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So, now we can do the docking; so, if you know the protein. So, we know the active site
now there are several residues in the active site. For example, these are the main residues
valine 281, lysine 295, glutamine 339; 41, 86; arg 88, aspartic acid 404, tyrosine 416. So,
now, we can generate a grid around this active site amino acid residues because the
ligands probably they potentially they bind only that region. You can generate a grid and

we can use all these 11000 compounds to dock; kind of virtual screening.

So, in this case we can do the high throughput virtual screening or you can do a standard
precision and the extra precision available. They are available in the glide module; in this
Schrodinger then finally, they get the score using this equation. Glide score is given as
they have different components these are columbic interaction and we have van der
Waals interactions; here this is a lipophilic interaction, this is hydrogen bonds, but this is
the penalty time given for the burying the polar functionally in the hydrophobic
environment, because, if you have the polar residues then mainly their surface interact

with the residues of the surface.



If it is goes with the buried ones then we give some penalty. Here you can see the
rotatable bonds and you can see the other interactions. So, we get these glide score to get
the interaction between protein and the ligand. So most of the cases, we get the good
score, but here they already optimized with some numbers. So, in this case we also have
some chances; so that it may fail to identify the best hit also because it is optimized with

some set of data.

So, now how to get the hits? So, we can use the glide score and we use with different
types of screening. You can use the high throughput screening or with the standard

precision and the extra precision.
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Criteria For Selection of Hits

1. Hits were considered only if the glide score better than -8

keal/mol.

2. The hit molecules supersede the actives and most essentially
decoys.

3. Bestoftop 5 hits from all 8 HTVS Screenings (7 MD and 1
homology).

4. Bestof top 5 hits from all 8 SP screenings.
5. Five hits from each of 8 XP screenings.
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So, each case you can get some data and you can rank all the data. So, you can see the
best of top 5 hits from all the screen methods that is a 7 MD and 1 homology model

structures. So, 8 methods right and 8 screenings you can get the 5 hits.

So, we will get the 40 hits for the virtual screening; likewise 40 from this standard

precision and 40 from the extra precision; so, totally we will get 120 ligands.
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We can see the 120 ligands; so, we get the MD derived structures 7; homology model
structure 8; other side we have the ligands, we have three different types of screening
methods. Each method we take the top 5 so; that means, 8 proteins into 5 equal to 40

each different screening method 40, 40, 40 that give 120.

So, this is a 120; so if the Schrodinger could get the best one. So, the top one should be at
the top most one, but if you look into this experimental data; these are the ligands, we
showed some potential inhibition. Like a rank number 18, 32 and 105; so, you can see

this here these are the compounds which are identified to show some set of inhibition.

They are at these different ranks 18, 32 and 105 at least we can see all these compounds
in the top 120 hits; among these 2.2 million. Because we rank from 2.2 million, we get

120; among this we can see the three compounds which are in the list of a top 120.
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Experimental Validations

Rank 18

\\ LF / /ILEJ]E
L J GLY-276 >‘ (

LEU-407

Z126204226 (Score: -10.42 & Energy: -62.8)
y Bk,

Experimental percent inhibition: 26.9
7126204226: 1-[(1R)-2-[(3-fluorophenyl)amino]-1-methyl-2-oxo-ethyl]-N-
(2-hydroxyphenyl)piperidine-4-carboxamide

N Ml i, NPTEL Bt it 2
Now, we will see how they interact and how they could be a potential lead compound.
So, take the one which rank 18; this is the one rank 18 this showed the inhibition rate of
26.9. So, you have the glide score of 10.42 and the energy of minus 62.8, so what is the
difference between score and energy? So, the score means they have this empirical
equation to get the value; by combining different factors to the put the empirical equation

and finally, get a number that it is called the glide score.

Energy they calculate the van der Waals energy and the electrostatic energy like the
ampere force field, then they give the total energy of this thing; this the energy using the
glide. So, here the inhibition is 26 percentage and then see this is the compound and you

can see the surrounded with the protein amino acids in the protein.
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Interactions Between Compound Ranked 18
and c-Yes Kinase
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Now, some of the interactions I will show here; you can see these hydrophobic
interactions. And some of them are having the hydrogen bonds, you can see this is the
OD 1 and this N 2. They are having this electrostatic interaction and here also you can

see the interaction and the here are the hydrophobic interactions the CH 2 groups.

So, these interactions are mainly dominant electrostatic and van der Waals interactions.
So, glide score is minus 10 and the glide energy is 62; we check the contribution van der
Waals is 41 and the columbic energy is minus 21; if we add up these two, we will get the

62.
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Binding of Compound Ranked 18 with C-Yes kinase
and ANP with c-SRC Kinase

Binding mode of compound

(Rank 18) resembles the
T Binding of Co-crystallized
. ligand ANP with ¢-SRC
e kinase.

ALA-Z93"
6LU-339 \
TYR-340

MFET-341
LEU-393

SER-345
'\ GLY-276

ASN-391
el f Interactions between ligands

ARG-388

ANVARR, and proteins
- Ja-a Lys295

W Tyrd16
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Then we can compare; this is the compound we obtained from C-Yes Kinase with our
molecule; this is the zinc id for the compound. If you see the crystal structure these are

similar type of compound available with the C-Yes Kinase and ANP.

So, in this case you can see the interactions mainly the lysine 295 this is a interactions
and tyrosine 416; those three interactions are main interactions when this co crystallize
with the ligand ANP. So, you can see similar type of interactions with the co crystallize

structure as well as the one, we identified using virtual screening.
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Experimental Validations
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Then this is a another one this rank 32 and here the inhibition is 24.8 percent; you can
see the type of interactions; this is the ligand and you can see how they are interacting

with the amino acids in a particular protein.
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Experimental Validations
Rank 105
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Experimental percent inhibition: 24.8
71338036236: N-[(1R)-1-(1H-benzimidazol-2-yl)-2-methyl-propyl]-4-(3-
cyclopropyl-1H-1,2,4-triazol-5-yl)benzamide
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So, this is a another one rank 105; this is also inhibition 24.8 percent and here you can
see the interaction electrostatic interactions, as well as the hydrogen bonds and the other
hydrophobic interactions for this particular ligand. So, if the score is minus 8.8 and the
energy is almost similar that is minus 64.21 kilocal per mole. So, energy is one step; so
here what we did? You take the protein site; take the ligand, get the properties and reduce

the number do the screening and then we identified the proper ligands.

It is also possible to look into this binding site information for example, if they have the

Kinase inhibitors.
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IPAB 20135 (Method 2): DFG MOTIF

* Kinase inhibitors are classified ito type | and type 2 based
on their competition with ATP. ~ ~

* Type 1 inhibitors bind DFG-IN conformation of activation
loop and competes with ATP, whereas, Type 2 hibitors
prefer to bind DFG-OUT conformation.

* Movement of the activation loop to the DFG-out
conformation exposes an additional hydrophobic binding
site directly adjacent to the ATP binding site.
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Because we also in the first competition, we also learned the proper potential
compounds. So, they classified in two different types one is type 1 and type 2 based on
the competition with ATP. So, in this protein if you see there are two different

conformations one is the DFG-IN.
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DFG MOTIF

Binding of Type 1 and

ATP binding 5 \ Type 2 inhibitors
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*ABLI kinase in complex

- : - with PD166326
ABLI kinase in complex with [matinib *Type 1 inhibitors
Type 2 inhibitor *ATP Competitive
DFG-OUT *DFG-IN
Template PDB id: I1EP *Template PDB 1d: 10PK
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You can see here this is a DFG motif; D is aspartic acid, F is a phenylalanine, G is the

glycine you can see here.



So, this DFG motifs either it is in the ATP binding pocket or they block ATP binding
pocket; now that is the allosteric site here that is the competitive inhibitors. So, this
protein they have two different types of motifs; one is the DFG-IN conformation. In this
case type 1 inhibitors bind with in conformation and type 2 inhibitors; they bind with

DFG-OUT conformation.

This information you can obtain from the literature and the movement of the activation
loop to this out conformation also exposes an additional hydrophobic binding, directly
adjacent to the ATP binding site; that is another hydrophobic binding site adjacent to the
ATP binding sites.

So, in this case if you know the conformation DFG in and DFG out; even if the
homology is less, structurewise you can get a similar structures and you can model the
structures and mainly focus on the conformation. So, here this is the two conformation;
one is a DFG in, one is DFG out conformation. This is example; one example is ABL 1
link kinase, this is the complex with the ligand. This is a kind of type 1 inhibitor that is

ATP competitive, this in DFG in conformation.

So, this is the PDB id for that particular protein; likewise this is another complex ABL 1
Kinase with Imatinib, this is a type 2 inhibitor; this is in DFG out conformation, this is
the template. If you see these two templates, the sequence identity is less but structurally

these binding pockets are having similar structures.
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So, then we can easily model the structures with the c yes, you can see the RMSD is very
less at this particular region; this is the in conformation and this out conformation. So,
now, here we have only 2 structures; earlier we used 8 structures; 7 from MD and then 1

from the homology modeling.

Then we use a screening, so here now we have the two conformation the in conformation
out conformation. And as I discussed earlier we need to prepare the same; you can
prepare the ligands and get the properties and we can filter with the average property
values and then we use a tanimoto coefficient. So, we will do the same then do with the

screening.
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Initial screening
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DFG-IN HTVS hits DFG-OUT HTVS hits

76627 including 26 Actives and 574 Decoys 75550 including 26 Actives and 574 Decoys
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You can the in conformation we will get about a 76627 hits; likewise if we take the DFG
out conformation; so, we can get about 75000 hits. Then we add up together, now we
will get about 1 million compounds; then what we did? So, those we are subjected to
pharmacophore based model. What is a pharmacophore based model? If you see a

protein; we can see the active site and see the moiety.
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Pharmacophore Models
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Around this particular binding site; so, what are the features corresponding to these ATP
based moiety? So, in this case; if you see what are the possibilities of different types of
compounds? For example, here A is the acceptor, D is the donor and H is a hydrophobic

and R is the aromatic ring.

So, these are another example for the DFG out, this is the alignment of imatinib and you
can see the a pharmacophore model for the compounds, which we prefer the out
conformation. So, now you have the ligands; you screen these ligands here and see
which ligands they fit with this pharmacophore around the active site; based on the
acceptors, donors, hydrophobic as well as aromatic rings. So, here also we know that

ATP compound inhibitors here also we know out conformation.

So, how we fit the ligands around the pharmacophore of this particular site? So, when
you do this; then we will get different numbers and we can rank that numbers using the

fitness score, you can see here this is the DFG in and you can see DFG out.
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Pharmacophore Models
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So, these are the ligands which fits the pharmacophore. So, first we can get the fitness
score, we can screen; you can rank based on fitness score. Then go with the structure
diversity for example, if you have the 5 ones; they are similar structures, high scores;

then take only 1; for example, 1, 2, 3; so there are similar structure.

Then you take the first one; then take everything. So, then we can take the interaction
between the C-Yes kinase and the ligand actual interactions. So, you have to use various
criteria to identify the top fits; one is the fitness score based on the pharmacophore
modeling and check the diversity of these compounds and then see the actual interaction

between the ligand as well as the C-Yes kinase.
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Experimental validation

N—

Interaction of the compound (21283491630 shows 64% inhibition) with
DFG-IN conformation (score -12.88 and energy -60.44 kcal/mol).
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Once we do this; then we can have the compounds; in this case we could find two

different compounds, the inhibitors it is very high.

In the first case, we prepared the protein, we prepared the ligand and we did the docking,
but different screening, but we did not consider the conformation; whether it this is a
binds with the ATP site or if it is the competitive site; so, we did not consider that. So,
there we got the maximum inhibition of a 31 percent, but here now we considered the

conformation and the type of inhibitors.

Now you can see these compound shows about 64 percent inhibition; we can get the
score 12.88; the glides score and the energy of minus 6.44 kilocal per mol. So, this is

from the DFG in conformation; likewise you can get the another data.
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Experimental validation

The compound 7275023406 shows 49% inhibition and prefers DFG-OUT
conformation with the score -10.16 and energy -71.05 keal/mol.
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So, here this is showing 49 percent inhibition and prefers DFG out conformation. So,
here the score is minus 10.16 and the energy of minus 71.05 kilocal per mol. So, if we
see the structure here; so in this case you can see this is the pharmacophore, it contains a
different a residues. And you can see the different types of interactions; you can see the
hydrogen bonds, you can see the hydrophobic interactions see; phenylalanine 272, this is

a ring; this can form these pi-pi interactions.

And you can see this is N H; with this one you can see the hydrogen bonds with the
serine, you can see different types of interactions. These compound also you can see the
different types of interactions from this negative charge residues or the polar residues as
well as the hydrophobic residues. So, do the virtual screening; so what are the various
steps we have to follow to identify the potential compounds from the pool of

compounds?
Student: we need to have a library of ligands

So, first we need to have a library; so, ligand library we have. So, now if you identify
any specific target we have to know the structure. So, two types you can do if you know
the structure we can directly use the structure; if a structure is not known then what you
have to do? We have to do homology modeling; in this case we consider two different

aspects.



One aspect is we just get the sequence identity with the same family; similar same
family; SRC kinase or C-Yes kinase; fin kinase same family we did the homology

modeling for the sequence identity.

So, then we picked up the templates the same family; then we did a homology modeling
based on the template. Then they can see the; validate the structure and then if it is fine
you can use it. And the second aspect; how did we get the structure? Here we mainly
consider the conformation. So; DFG in and DFG out conformation for the two types of

inhibitors inhibitor type 1 and inhibitor type 2.

So, because they are experimentally shown that these type of inhibitors; they mainly bind
with the particular site. In this case even if you to homology modeling; all these process,

because they do not bind anywhere they bind only that particular place.

In this case, we can focus on that region with the high sequence identity. We get similar
structures and focus on these two conformations; the two sites, mainly you can see I
showed this here; DFG motif. So, is ATP binding packet and this allows to the site here
we focus on these two sites. So, now protein side and homology modeling we can do;

plus MD simulations, why do you need MD simulation?
Student: To get more conformation.

More conformation because see a only one conformation. So, possibly many ligands may
fail because this case you can focus only one conformation. So, we may different
conformations; so did MD simulations and then we get 20000 conformation; classified in
a different clusters and picked up the samples from each cluster. Because we emitted the

discarded the close conformation because close conformation ligand cannot bind.

So, we take only the open conformation; so now, the protein site we did two different
aspects is done. Now our ligand site what we have to do? First we have to get the known
actives from exisiting databases. So, we get the known actives from the exisiting
database; then we get the properties for that actives. Then the whole library; first we have
to prepare the ligands because lot of errors and other charges and ions and all. And then
we calculate these properties and we compare with the known actives with some

standard deviation.



If this known actives and the known ligands vary very much then we can discard, see if
any particular deviation if you take any of the all the different properties they fit; then we
can filter the make the first filter and get the compounds. And then what we do? Then we

add some decays and some known actives as a control.

We need to know whether the final result you should identify all the actives, but should
not get any decays. Then add up these compounds with the filtered compounds and
finally, use the screening and we will get the compounds. Then we rank the compounds

and we can get that; that is from the homology modeling.

In the second type, if you focus only on the these sites; the type 2 inhibitors and the type
1 inhibitors, at this different sites, then we focus on that particular region. Particular
region you can develop the pharmacophore models and based on the type of a residues
with respect to a hydrogen bonds and acceptors, donors, hydrophobic and aromatic rings;
we can fit all the ligands and see which can fit at this model and you can select based on

the fitness score.

So, if we get the fitness score we can rank the compounds; when its look at the
compounds many of them are having similar structures. So, in this case if 1 fails; 2 will
also probably fail, 3 will also fail; first 10 compounds, the high ranked compounds and
10 compounds are structurally similar. If the first one fails then the high possibility that
all the 10 will fail. So, in this reason to avoid all this confusion; we take the similar

structures and check the interactions; so take the best and discard all the 9.

Likewise, you can see the diversity to select the compounds; then once you select the
different second refinement is over; when we select the compound then it is exactly see
the interactions between C-Yes kinase and the ligand; how they interact then if you are
comfortable, then we can rank based on this order. Finally, you can select these
compounds; so, when we compare the experiments you can see the direct interaction
between the ligand as well as with the amino acids. And you can see the good type of
interactions for example, here this is 12.88 score and the energy is 60 and you can see 64

percent inhibition.

We can likewise for any targets; so we need to prepare the protein, prepare the ligand and
first you collect the experimental information as much as possible. Either the activities or

the binding mode or the binding pose or if any specific residues which are involved in



the active sites collect all the experimental information as possible. So, that you can
finally, validate the final model; if this is not properly interact with that particular
residues then you can discard. Then second we can validate with the MD simulations; do
the different MD simulation structures. In this case also you can see whether this

particular ligand can fit at the different conformations using MD.

But eventually for everything you need the experimental validation; this is very
important to have the experimental validation. Once you do the validation, then you can
see the percentage inhibition as well as the inhibitor constant like the IC50 values and so
on. In this case, you can go with the next level; the inhibitor studies and the animal
studies and then finally, studies and so on. So, what the advantages having virtual

screening?
Student: less number of compound need to be is screened

We can you can narrow down the compounds to a less number of compounds, so it can
be virtually screen. Otherwise instead of doing 2.2 million compounds; so in this
competition; several groups they participated in this competition and different groups
they showed the compounds which are totally different; not many compounds are
overlapping in different groups. So, then this case they selected the compounds 120
compounds from different groups; if 5 groups means that about 600 compounds; it

currently screened about 10000 compounds instead of 2.2 million compounds.

Well in that case they could find about 25 to 30 compounds, which are showing a high
inhibition rate. So, instead doing 2.2 million compounds using the computational
strategy, they used various methodologies. They use machine learning techniques, they
use the pharmacophore based modeling, they used ligand based modeling and they used
a structure based design. And based on different approaches, they identified the
compounds finally, they could get some of the potential novel compounds as a lead

compounds and these could be as a inhibitors.

So, we discussed about the docking, we discussed about the screening. So, we can also

identify the potential inhibitors using the QSAR studies; what is a QSAR?

Student: Quantitative Structure Activity Relationship



Quantitative Structure Activity Relationship; that we will discuss in next class. If you
have a large number of ligands with known affinity; for any particular target then we can
use the QSAR studies to fit the model and using that we can identify new compounds
that also you can experimentally verify, whether these compounds could lead as an

potential lead compounds as any inhibitors; that we will discuss in the next classes.

Thanks for your kind attention.



