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D. Binding pocket conservation analysis.
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FFT convolution approach enables
global exhaustive macromolecular interaction sampling

Ligand representation (e.g. ] .
charge density) Interaction energy as a sum of FFT convolutions

Receptor representation O (N®) — 0(N3lnN3) o

(e.g. electrostatic (fvu(
p ote ntl a l) \7\) FFT with learned physics correction

Padhorny et. al PNAS 2016; Kozakov et. al Nature Protocols 2017;Desta et.al Nature Protocols 2023; Ignatov et. al JACS 2023



Pytorch-AF — Customized Alphafold-stlye architecture
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LigTBM protein-ligand docking
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Top performer in the latest
CASP (ligand prediction) and
GPCR Dock competitions

2-times top performer in the latest
D3R ligand docking competition

Padhorny et al., JCAMD 2018; Ignatov et al., JCAMD 2018; Kotelnikov et al., JCAMD 2019;
Alekseenko et al., JMB 2020; Kotelnikov et al., Proteins 2023;



FTMap — computational solvent mapping

Druggabile sites bind a variety of small
molecules

L “Hit rate” is a predictor of druggability
PN N S .

Brenke et. al 2009 Bioinformatics; Kozakov et al PNAS 2011;
Villar et al Nature Chem Bio 2014; Kozakov et al. Nature Protocols 2015;
Kozakov et. al PNAS 2015; Kozakov et. al ] Med Chem 2015; Beglov et. al PNAS 2018; Yueh. J Med. Chem

2019; Egbert et. al 2021; Khan et. al 2023



Kinase Allostery Atlas

PDB Contains more than 3000 structures
325 Different kinase families

~250 human kinases + 250 more AF structures
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) Known regulatory sites:
1) DFG loop pocket

2) PIF pocket few compounds reported for PDK1

3)Several others, which are not validated

Yueh et al. J. Med Chem 2019; Jones et. al n preparation;



Screening of Giga-size libraries

Soaked PDBs :
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Identified nanomolar and low macromolar
hits to a number of COVID targets NSP3, NSP13, Mpro



Virtual screening of giga-size libraries — SARS-CoV-2 Mpro

computationalsoIventEapping qlamond ) 1.36B compounds
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IC50 curve for lead compound
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50
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Currently in process of determining the X-ray structure of Hill Slope =2
protein-ligand complex;
In collaboration with Professor Peter J. Tonge (Chemistry Dept.) | R 5 7.) e 7 S S £ D e 0
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Alexander Tropsha (UNC Chapel Hill)



Modeling Phosphorylated interactions
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Ghani et al Biorxiv 2022; Ashizawa et. al in preparation

Combination of FFT based architecture and AF for modeling Antigen Antibodies
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High Accuracy Epitope Detection
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Desta et. al. Proteins 2023; Desta, Kotelnikov et. al Nature Protocols 2023.



ClusPro server 20000 users; FTMap server: over 5000 registered
users

> [aXe} FT-Map:A Small Molecule Mapping Server
Dock  Queue Results API Preferences Downloads Admin Papers Help Contact D 1 @ b SR
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Queue Results Preferences Examples Help Papers Contact
Home Submit
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Dock FTMap
JobName: [ protein mapping

Server: | katana *

Accepted PDB Input:
20 standard amino acids and RNA (as receptor only), ref: RNA

Receptor Ligand Computational solvent mapping is a
T T powerful tool to understand interactions
PDB ID: PDB ID: between proteins and solvent molecules.
Upload PDB Upload PDB It docks small organic molecules on a
Chains: [ Chains: [ protein surface, finds favorable binding
positions, clusters the conformations of all
Whitespace separate desired chains. Leave chains blank to use all chains. prediction, and ranks the clusters on the
basis of their average free energy. The
» Advanced Options low energy clusters are grouped into

consensus sites and the largest consensus sites are able to identify actice or ligand
binding sites. The docked fragments can also be served as the building blocks for

Dock fragment-based drug design.

ClusPro should only be used for noncommercial purposes.
Structural Bioinformatics Lab
Boston University

Kozakov et. al, Nature Protocols, 2015; Kozakov et. al Nature Protocols 2017; Desta et. al Nature Protocols 2023



Modeling PROteolysis TArgeting Chimeras (PROTACSs)

Goal: hijack ubiquitin-
proteasome system to degrade
target protein

We want to aid PROTAC design:
 PROTAC ternary complex structure
 PROTAC efficiency

Challenging sampling problem:

*  PROTAC linker might have
non-trivial chemistry and
conformational space

* Multiscale modeling

* Non-native protein-protein
interaction

* Suboptimalinterface
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Large-scale mapping of native protein-metabolite
interactions in E. coli using Mass Spec & LigTBM

A. Chemical proteomics (LP/MS)
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Known and predicted protein-metabolite

Fmt - Methionyl-tRNA

FIdA - Flavodoxin1

GapA - glyceraldehyde-
3-phosphate dehydrogenase

ObgE - GTPase involved in
chromosome partitioning
and ribosome assembly

PyrG - CTP synthetase

AidB - isovaleryl-CoA
dehydrogenase & DNA-binding
transcriptional repressor

CytR - DNA-binding
transcriptional repressor
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Adk - Adenylate kinase aldehyde 2,1-aminomutase synthase uvoylglucosamine reductase methyltransferase tRNA ligase
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BirA - Putative acyl-CoA

FolA - dihydrofolate

ISpE - 4-diphosphocytidyl-

YggD - predicted DNA-binding

IspA - geranyl
diphosphate/famesyl

YbiH - HTH-type transcriptional

reductase 2-C-methylerythritol kinase transcriptional regulator diphosphate synthase dual regulator CecR HemH - ferrochelatase
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Interactions & SPR validation

Surface Plasmon Resonance assay

HemH - 4-aminobenzamide

YjdC - Oleic acid

PurB - Phenazine

FIdA - [2,2'-Bipyridine]-5-carboxylic
acid

IspA - (5-Fluoro-2-oxo0-2,3-dihydro-
1H-indol-3-yl)-acetic acid

ObgE - 1-isoquinolinyl(phenyl)
methanol

FIdA - Riboflavin

IspF - Phenazine

IspB - 1-(3,4-Dimethoxy-phenyl)-
ethylamine

TrmD - S-methyl-5'-thioadenosine
MetK - S-methyl-5'-thioadenosine
UvrY - 4-chloro-2-hydroxybenzamide
PyrG - Guanosine

IspE - Cytidine

MurB - Flavin mononucleotide

"R ] " [r— o Jr—— " M

KD (nM)

483
3.8
61.6

192

54.5

119
224
60.1

118
14.9
0.355
170
1250
67.7
84500

o~ SN A A



L : 4 '/-, 5
3 W
NPT s
Nucleoprotein

N-terminal
domains

CAMK2D o

Phosphorylation effect of SARS-COV2 on infected lung cells -
Target identification

Jez
R
7
h;>‘”:
WIS G

Nucleoprotein
C-terminal
domains

G Ennched kinases
hpi: 1 3 6

RPS6KB2
MAPK8
PRKDC
MAPK10
PRKD1
CSNK1A1
MAPK9
BCKDK
CSNK2A2
CSNK2A1
CSNK1E
CDK12
EEF2K
CDK1
MAPK1
SGK1
MAP2K1
CDK2
PRKACB
CHEK2

GSK3B
S AKT1
| Signif. |
=10 RPS6KA3
0 MAPK14
=_10 MTOR

EGFR
H Other
-
N
93, ¢¥ ¥ $ A MAPK
% J . Polo-like kinase
1 ;(\ ‘ g usp7
TY_ sphorylase superfamily
) = i
:V;fh nf’ ¥4 Casein kinase 2 (CK2) W omain
(."' YT ‘N SH3 domain
£ 3
> J Casein kinase 1 (CK1)
14 3-3
—
RPS6KB1
_S447  saa1 otfie
09 oy WW domain
Taaa
\
[ &
v ( SH2 domain
\‘1 Importin-alpha
)
@ -~ £ 14-3-3
usp7

SH3 domain

G
§
=
=}
m
=]
2
N
| #Vero E6
H < iAT2
: s
>
w*uMm o ~ s
|:l KN-93 ==
= Tubercidin [ ]
] Levofloxacin ==
= FRAX486 -
(o [l Losmapimod Jil
= AZ20 =
(] Vandetanib ==
{@m JDorsomorphin®
[__] VE-822 ==
— Breguinar m
L] Axitinib ED
= Emricasan S
= SB-415286 =
= Volasertib 1]
=] NVP-BEZ235 m
: Tic10 1]
— AZD5363 ==
= Roflumilast =
= PCI-27483 =
=] PFI-3 .:I
== Bosutinib S
= SPRIN340 Smm—
| Danusertib .

Inhibition rate [l Wl
0 10

05

Hume et. al, Molecular Cell, 2021

Tubercidin

I

£\ Uniggaoie warget

N

i g

10 Ml

o3
® 3
=9
oz

DMSO

150 yM

DMSO
0.4 M

DMSO

0.4 uM§F—

DMSO

Levolloxacin

66 M.

Levofloxacin

&

DMSO

66 UMl

Q
2
2
a

Losinaginod

100 uM

Losmapimod

I

DMSO

Levofloxacin Losmapimod

200 uM

DMSO

el targem

FRAX486

DMSO

02 um{y

°
Infection rate

=

=



Understanding EMT
B

Samples for PAMAF Boahe ﬁﬁk «;f%,g 5.
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Havugimana, 2022 Nature Communication; Indranil et. al, Nature communications, 2023; Indranil , Padhorny in preparation
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