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Ainnocence Unveils Core Challenges
Undermining Al-Driven Small-Molecule Drug
Discovery

How current methodologies fail to

address critical challenges in early stage C a rbon A|®
dr usg discover Y. ‘ Small Molecule Design Engine

SAN FRANCISCO, CA, UNITED STATES,

May 8, 2025 /EINPresswire.com/ -- LeadGeneration v

Ainnocence, a leader in next- oo

generation Al drug—discovery Solutions, « PROTAC de novo Generation Application Scenarios
today released a comprehensive white Lead Optimization Wl ramacaogs ot
paper detailing persistent scientific " Diuion Howbolim, Ch.Rg:::pp‘w
obstacles that limit the accuracy and T

ROI of conventional Al pipelines for Target Bining . WhyChoose Ainnocence?
small-molecule R&D. The report oo i o
highlights how current methodologies + Tage g pocke T

fail to address critical challenges in " toleewiarbeskne Ut nigh houghpu
computational chemistry and outlines °fZT::ge: Z;ed;ct"’"yv roursto o wesks

a revolutionary new approach that Predicton

promises to transform early-stage drug
development.

Ainnocence’s CarbonAl® Platform for Al-Powered
Small Molecule Drug Design — Enabling De Novo
Generation, Lead Optimization, and Off-Target
Prediction Without Structural Data

"The field has moved fast—but not
always in the right direction," said Dr.
Lurong Pan, Founder & CEO of
Ainnocence. "Our research shows why
deep-learning tools must evolve o

beyond force-field scoring and rigid A

structural snapshots. The next lnnocence
generation of Al drug discovery

platforms needs to fundamentally

rethink how we model molecular
interactions at scale."

Dr. Pan, whose pioneering work in computational biology for over 16 years has been published
in leading scientific journals with multiple US patents, emphasized that while Al has made
remarkable strides in many areas of drug discovery, the industry continues to face unacceptably


http://www.einpresswire.com
http://www.ainnocence.com

high failure rates in early clinical trials, suggesting
“ fundamental limitations in current virtual screening
approaches. "The best value that Al can provide to this
industry is to design the best drug molecule," stated Dr.
Pan. "This is the ultimate measurement of Al impact, and it
requires a fundamentally different approach than what
most platforms are currently using."

The field has moved
fast—but not always in the
right direction. Our research
shows why deep-learning
tools must evolve beyond
force-field scoring and rigid
structural snapshots.”

Dr. Lurong Pan

Key Scientific Hurdles

1. Force-Field and Free-Energy Pitfalls

+ Classical docking and FEP scoring functions still neglect critical entropic and solvation terms,
leading to >2 kcal mol0" errors in AG predictions, a magnitude that can translate to 30-fold
miscalculations in binding affinity.

* QM/MM hybrids improve accuracy but remain O(N®-N7) computationally costly, making them
prohibitive at library scale where millions of compounds need evaluation.

+ Water-mediated interactions, which can account for up to 40% of binding energy in many
protein-ligand complexes, remain poorly captured by conventional scoring functions.

2. Protein-Structure Uncertainty

+ Even state-of-the-art AlphaFold variants show low confidence across >30% of intrinsically
disordered regions, impairing pose prediction for many therapeutically relevant targets,
particularly in oncology and neurodegenerative disease.

+ High-accuracy coordinates do not guarantee reliable binding affinities when conformational
ensembles and water networks are ignored, leading to significant false positives and negatives in
hit identification.

+ Recent studies have demonstrated that protein flexibility can alter binding pocket volumes by
up to 60% in dynamic targets, rendering static docking approaches fundamentally flawed for
these systems.

3. Multi-Objective Optimization Gap

+ Medicinal chemists must co-optimize potency, selectivity, ADMET (absorption, distribution,
metabolism, excretion, and toxicity), and synthetic accessibility; single-objective Al models
consistently fail that balance, often improving one parameter at the expense of others.

+ Conventional optimization algorithms struggle with the high-dimensional, non-convex
landscapes typical of drug discovery, where improvements in binding affinity often come at the
cost of worsened pharmacokinetic properties.

* Modern drug discovery requires balancing 15-20 parameters simultaneously, a challenge that
traditional approaches address through sequential filters that can eliminate promising
candidates prematurely.

CarbonAl® represents a revolutionary advancement over legacy docking approaches, eliminating



the need for 3D structural inputs by utilizing 1D/2D molecular graphs instead. While traditional
methods rely on physics-based scoring with modest predictive accuracy (AUC 0.70-0.85),
CarbonAl employs an advanced GNN and Transformer ensemble architecture to achieve
superior performance (AUC 0.93-0.98). The computational efficiency gains are equally
impressive: CarbonAl requires less than 120 CPU hours to screen one million compounds versus
5,000+ hours for legacy methods, enabling the screening of 10 million compounds in under 24
hours instead of 2-3 weeks. Perhaps most importantly, CarbonAl shifts from the sequential
filtering approach of traditional platforms to true parallel multi-objective optimization, allowing
simultaneous consideration of all critical drug parameters. By eliminating the need for 3D
docking calculations, CarbonAl® reduces computational costs by over 95% while simultaneously
improving predictive accuracy, making truly large-scale virtual screening economically viable for
organizations of all sizes.

Strategic Implications for Drug Discovery

The limitations of conventional computational chemistry approaches have significant
implications for pharmaceutical R&D:

+ Economic Impact — Industry-wide, inaccurate virtual screening leads to approximately $4.5B in
wasted preclinical research annually as companies pursue false positives or overlook viable
candidates due to false negatives.

+ Opportunity Cost — The extended timelines required for conventional computational methods
delay critical go/no-go decisions and limit the exploration of novel chemical space.

* Resource Allocation — The computational intensity of traditional approaches restricts many
organizations from applying state-of-the-art methods across their entire discovery portfolio.
CarbonAl® addresses these challenges by democratizing access to 1D/2D feature deep learning
based high-performance virtual screening technology, allowing research teams to explore
chemical space more thoroughly and with greater confidence.

About Ainnocence

Ainnocence is found in 2021 at California, a next-generation biotech acceleration company
whose SentinusAl®, CarbonAl®, and CellulaAI™ platforms de-risk discovery across antibodies,
small molecules, and cell therapies.
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