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Full chemistry capability for candidate generation 

Analysis

Test

Design

Make

Rational design

Structure determination

Rapid SARs

Hit
Drug 

candidate

Small molecule

nucleic acid

Peptide Data Science & Informatics

Anal.Chem.
Parallel 
synth.

Synth.Chem.
Effective purification

Technology

Candidate

high-throughput parallel 
synthesis

・Efficient and practical
synthetic route
・Scale-up synthesis

・Separation and purification
・Structure determination

・SBDD/LBDD/FBDD
・AI / Chem-info.

・”All-in-One” 
Medicinal Chemistry
・Various modalities

Medicinal
Chemistry

Development of practical
Synthetic route

Full Chemistry Capability supported by “In-silico technologies” for candidate generation
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Proprietary design guidance systems

◼ Computational chemistry systems

・SBDD systems with MD as core technology

・LBDD systems

・Knowledge systems based on a vast amount of 

measurement data

◼ Internal large-scale computer

・GPU machines 

・2000 CPU cluster machines

◼ AI-driven optimization systems

・ADMETox prediction models

・SAR transfer systems

・Continuous development of prediction models & 

structure generative models



4
Copyright © 2024 Axcelead Drug Discovery Partners Inc. All Rights Reserved.
Not for circulation to third parties without Axcelead Drug Discovery Partners’ permission

A-CODE makes impact on the wide range of drug discovery process

Docking model

MD simulation
Calculation of 

Binding free energy 

Hot spot analysis

AutoDesign
Hopping
e-ADME

Multiple drug design tools

Feasibility, 
Ligandability

Dynamics

MMPBSA
LigMap

Pocket

Lead
Generation

Lead
Optimization

Hit
Identification

Post HTS

Virtual 
Screening

Axcelead high performance 
COmputing systems 

for Drug dEsign

FARMING
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Key interaction analysis for rational drug design

VDW interaction energy
Electrostatic interaction energy
Desolvation energy （gb）
Desolvation energy（sa）
Total energy

• Calculation of binding free energy ΔG for the binding state of ligands in crystal structures with high throughput manner
• Automatic visualization of  key interaction analysis of each amino acid to analyze hot spots

✓ Clarification of the important moiety for the interactionMMPBSA

Visualized interaction analysis 
between protein and ligand

interaction energy 
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(kcal/mol)   

Energy decomposition 
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Hot spot analysis for rational drug design 

✓ Clarification of the hot spots where molecules are likely to bindLigMap

• Hotspot search on protein surfaces with >200 fragment molecules.
• MD simulations of proteins in co-solvent with fragments and analyze the density (frequency) of each fragment at each 

binding position to predict sites where fragments are likely to bind.

Hot spot for fragment binding
Predicted binding modes for 
each fragment

>200 Fragment 
molecule library MD simulation in co-solvent solutions

Acquisition of density map
Merge the results 
into new designs 

• Medicinal chemist’s design
• Automated design

AutoDesign
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New design creation by scaffold hopping

Hopping

• Replace substructure into the new fragment with > 7M original fragments database derived from Axcelead library 
• Propose highly accurate conversions that are difficult for chemists to conceive, such as cyclizations, ring position 

transformations, substituent conversions, etc.,
• Provide similar steric and chemical properties and retain the steric structure that is not converted.

Active 
conformation

ProposalSteric/chemical 
properties

Re-assessment 
Docking, MM-PBSA, 

Pharmacophore model, QSAR, …

Assessment

・Stability
・Chemical propriety
・Structure matching
・Similarity

Specify 
substructure

Green：Scaffold hopping 
Cyan：original

Image drawing

> 7M, Drug-like 
original fragments

database

✓ Replacement of a part of ligand to design new structure

Derived from
・Axcelead compound library

・Patent compounds
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New design creation by FARMING Process

FARMING ✓ Replacement of a part of ligand using original building blocks in stock 

Fast Accessible Library Lead/Candidate Cpd.

• 2 billion virtual compounds

• Instantly synthesizable 

compounds by crossing original 

building blocks in stock

• Effective for lead 

generation / expansion

• High throughput & short 

period

• Beyond chemist’s idea

Design ・Semi-automatic

Effective 

Process

・Structure & property 

based similarity search on 

specific moiety

・Various linker types

・Reagent selection from 

BBs in stick

Rapid Modifying System

X

-CHO H2N-X

-Br (HO)2B-X

・ ・X

H2N-

similar reagent 1 

similar reagent 2

similar reagent 3
・

・

similar reagent 1

similar reagent 2

similar reagent 3
・

・
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Application for virtual screening (VS) and advantages

• Access to Axcelead entire libraries inaccessible by random screening
• Possible higher hit rates
• Propose optimal methods based on experience with numerous VSs (SBVS/LBVS) for a wide range of targets 

Single target/family

Available of target 
structures or homology 
models

Not available of 
target structures

Known 
ligands

Unknown 
ligands

Unknown 
ligands

Known 
ligands

Docking-
based VS 
(de novo)

Docking-
based VS

Pharmaco
phore-
based VS

Diversity or 
property-
based VS

Similarity-
based VS

Structure-based VS

Chemo-
type 
hopping-
based VS

Ligand-based VS

MMPBSA

Structure-based VS

Docking-
based VS

Docking-
based VS 
(de novo)

Search

Ligand-based VS

Similarity-
based VS

Chemo-
type 
hopping-
based VS

Pharmaco
phore-
based VS

Hopping

AI 
(machine-
learning) 
-based VS

Property
-based 
VS

Property
-based 
VS

LigMap

Entire library (1.5M)

diversity 
library
500K

Focused
library
6400

VS+
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Robust process of structure based virtual screening 

• Large-scale docking and binding free energy calculations, utilizing MD
• Pilot screening to validate and optimize flow
• Hybrid use of both de facto standard and proprietary in-silico tools 

Library

Protein 
preparation

structure

Binding free 
energy 

Interaction

Selection

•Axcelead 1.5M compounds

•Can be pre-selected by criteria such as RO5, unwanted structure, etc.

•Preparation of protein structure from public database or Axcelead owned data

•MD to generate relaxed state, search for hot spots is also possible

•MM/PB(GB)SA calculation including solvent-effect and induced-fit of protein

for 10K-30K compounds

•Automated calculation and visualization for each element with interaction 
energy between each amino acid of receptor protein and ligand

•Select ~6400 compounds with similar binding modes to known compounds 
and/or with other criteria 

Docking
•Pilot screening

•Large-scale calculation for 1M~600K compounds with cluster computers

•Ensemble docking to multiple protein structures is also possible

Energy decomposition 
for each amino acid
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AI-driven drug discovery platform 

Be lost into 
a labyrinth

・Multiple parameter optimization (MPO)
・Human-in-the-loop with medicinal chemists
・Explainability

Our challenge

・Speed↑

・Innovation↑

AI
AI

AI

Property
Prediction

Structure
Generation

Optimization

original
validated
methods

Large & real
pharmaceutical
data

original
validated
methods

public & in-house
exploitable data

Chemist’s
insight

compatible
with ADDP’s
other models

work with
external leading
company

Original
validated
methods

explainability
why? how?

Traditional medicinal 
chemistry approach

A-Intelligence:  Axcelead Intelligence × Artificial Intelligence

Under developing
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OptADMET: ADMETox prediction for MPO solving

ADMETox Database derived from Pharma.

Rigorous Validation

Automated Machine Learning

Aqueous solubility ~ 150,000
Lipophilicity ~ 150,000
Membrane permeability ~ 100,000
CYP inhibition ~ 100,000
Metabolic stability ~ 100,000
Cytotoxicity ~ 100,000
Cardiotoxicity (hERG) ~ 30,000
Pharmacokinetics ~ 30,000

feature set algorithm set parameter set

Public
Database

feature1

feature2

feature3

…

algorithm1

algorithm2

algorithm3

…

parameter1

parameter2

parameter3

…

score set

score1-1-1

score2-2-2

score3-3-3

…

time

Chronological splitting

Train Valid Test

Strict metrics

classification
Cohen’s kappa
Matthew’s coef. corr.

regression
Coef. of determination
MAE, RMSE

ADMETox
Prediction 

Models

Data point

etc.

>15

✓ ADMETox prediction models based on our own data derived from Pharma for MPO solving

✓ Start to be applied to our client projects.

(except for client’s data) 
GUI for 

researchers

OptADMET
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SAR transfer system “SARfer” for jump-up SAR exploration

✓ Self-developed “SARfer” transfers one SAR information to another based on Matched Molecular Series (MMS) Analysis.
✓ SAR information can be taken from that of different targets and different scaffolds. 
✓ Using proprietary SAR matching algorithm and enormous amount of SAR data derived from Pharma.

Query SAR on Target A

Proprietary 
MMS Database

scaffold

target
Target  A
inhibition

R-group pIC50

6.3

7.4

7.2

7.3

6.9

6.3

? 8 or More

scaffold

target LogD
hERG

inhibition
R-group

2.9 5.1

4.8 7.2

5.0 7.5

4.8 7.4

5.0 7.6

3.9 6.3

6.2 7.9

*

* *

LogD

Target A Target A

hERG

Structure
Proposal

Target A 
pIC50

8.0 (predicted)

No compd. 
for target A

No compd. 
for target 
A

Log D vs Target A
Highly correlate
between different scaffolds

hERG vs Target A
Highly correlate
between different scaffolds

? ?

SAR transfer

8.0 (predicted)

Note: The figures, values and structures 
are fictional for well understanding of 
SARfer function.

Ultra-fast Search 
For Matched SAR

SARfer
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End-to-End solution from hits to drug candidates

Calculation of 
Binding free energy 

Hot spot analysis

AutoDesign

MMPBSA

LigMap

FARMING

Hopping

SARfer

OptADMET

eADME

Dynamics
Scaffold hopping

MD simulation

In-silico Structure Generation In-silico Evaluation / Prediction

✓ Achieve efficiency in drug discovery “shortening of period, proposal of promising compounds“ by using in silico technology

Hit Candidate

Ultra-fast Search 
For Matched SAR
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Axcelead accelerate your drug discovery 

Lead OptimizationHit to LeadHit identification

Hit / Lead OptimizationHit identification

Traditional approach

Axcelead approach

✓ Rich success / failure experience in drug discovery

✓ Legacy drug discovery PJs, scientific data and compound library
derived from pharmaceutical companies

✓ Rational drug design with proprietary in silico technologies
✓ Continuous efforts & challenges for system development

✓ High-speed and high-quality DMTA cycle 
・Advanced synthetic chemistry capability  
・Close tie-up with each division in Axcelead

1.5M
Compound 

Library

>700
Screening 

Experience

>700
Access to 

Takeda Project

Design

Make

Test

Analysis

In silico/AI 
technologies

Pharma’s

Scientific data

Drug like 
compound 

library



E-mail
intl_contact@axcelead.com

Please contact us for any questions!

We value your concerns and questions!

Scan to open 
our contact form

Contact Form
https://axcelead-us.com/contact-us/

Contact Us for Details
E-mail address / Contact form

mailto:intl_contact@axcelead.com
https://axcelead-us.com/contact-us/
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