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No child should die in the dawn of life... 
— Danny Thomas
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1. Introduction to St Jude
 

2. Hybrid Quantum Algorithm for Drug Discovery
 

3. Application to KRAS

4. Outlook
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Quantum Circuit Born Machine (QCBM)

• Generative quantum machine learning algorithm

• Uses a parametrized quantum circuit (PQC) in 

combination with gradient-based optimization

• Leverages the Born rule to generate complex probability 

distributions
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Chemistry42 – AI Platform for Generative Drug Design
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KRAS – Introduction

• Cancer is one of the leading causes of death

• KRAS is one of the most mutated oncogene in cancer

• KRAS was historically considered to be “undruggable”

• First success for KRAS G12C mutant was reported in the last 

few years

• Many other mutants, e.g. G12D, do not have approved drugs 

yet
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KRAS G12D – Experimental Validation (SPR)

Approach Experimental Setup Results

• Selected compounds are 
synthesized via CROs.

• Synthesized compounds are tested 
for binding to KRAS G12D via SPR 
(Surface Plasmon Resonance).

• Compounds that are active in the 
first test were retested a second 
time to ensure confidence in the 
results.

• Biacore 8K system, Sensor Chip SA.

• 1x HBS-EP+, 2mM TCEP, 2% DMSO 
as running buffer, protein 
concentration was 5μg/mL, injected 
for 60s at a flow rate of 30μL/min 
and dissociation time was 180s.

• The stability of the experimental 
system was tested using BI-2852 and 
MRTX-1133.

• Calculation of Kd values.

• We have synthesized/tested 15 compounds 
with SPR: 8 from the quantum hardware 
batch, 4 from the quantum simulation batch, 
and 3 from the LSTM (classical) batch.

• 3 compounds from the quantum hardware 
batch are binding, 2 compounds from the 
quantum simulation batch, and 1 compound 
from the LSTM (classical) batch. 

• The strongest compounds are from the 
quantum batches: Best Kd value is 1.4 μM for 
the quantum hardware batch, and 39 μM 
from the classical LSTM batch. 

• The compounds are diverse between the 
classical and quantum batches. 

• The initial binders can serve as starting 
compounds for further optimization

93



Finding cures.  S av ing ch ildren.

KRAS G12D – Experimental Validation (SPR)

Approach Experimental Setup Results

• Selected compounds are 
synthesized via CROs.

• Synthesized compounds are tested 
for binding to KRAS G12D via SPR 
(Surface Plasmon Resonance).

• Compounds that are active in the 
first test were retested a second 
time to ensure confidence in the 
results.

• Biacore 8K system, Sensor Chip SA.

• 1x HBS-EP+, 2mM TCEP, 2% DMSO 
as running buffer, protein 
concentration was 5μg/mL, injected 
for 60s at a flow rate of 30μL/min 
and dissociation time was 180s.

• The stability of the experimental 
system was tested using BI-2852 and 
MRTX-1133.

• Calculation of Kd values.

• We have synthesized/tested 15 compounds 
with SPR: 8 from the quantum hardware 
batch, 4 from the quantum simulation batch, 
and 3 from the LSTM (classical) batch.

• 3 compounds from the quantum hardware 
batch are binding, 2 compounds from the 
quantum simulation batch, and 1 compound 
from the LSTM (classical) batch. 

• The strongest compounds are from the 
quantum batches: Best Kd value is 1.4 μM for 
the quantum hardware batch, and 39 μM 
from the classical LSTM batch. 

• The compounds are diverse between the 
classical and quantum batches. 

• The initial binders can serve as starting 
compounds for further optimization

94



Finding cures.  S av ing ch ildren.

KRAS G12D – Experimental Validation (SPR)

Approach Experimental Setup Results

• Selected compounds are 
synthesized via CROs.

• Synthesized compounds are tested 
for binding to KRAS G12D via SPR 
(Surface Plasmon Resonance).

• Compounds that are active in the 
first test were retested a second 
time to ensure confidence in the 
results.

• Biacore 8K system, Sensor Chip SA.

• 1x HBS-EP+, 2mM TCEP, 2% DMSO 
as running buffer, protein 
concentration was 5μg/mL, injected 
for 60s at a flow rate of 30μL/min 
and dissociation time was 180s.

• The stability of the experimental 
system was tested using BI-2852 and 
MRTX-1133.

• Calculation of Kd values.

• We have synthesized/tested 15 compounds 
with SPR: 8 from the quantum hardware 
batch, 4 from the quantum simulation batch, 
and 3 from the LSTM (classical) batch.

• 3 compounds from the quantum hardware 
batch are binding, 2 compounds from the 
quantum simulation batch, and 1 compound 
from the LSTM (classical) batch. 

• The strongest compounds are from the 
quantum batches: Best Kd value is 1.4 μM for 
the quantum hardware batch, and 39 μM 
from the classical LSTM batch. 

• The compounds are diverse between the 
classical and quantum batches. 

• The initial binders can serve as starting 
compounds for further optimization

95



Finding cures.  S av ing ch ildren.

KRAS G12D – Experimental Validation (SPR)

Approach Experimental Setup Results

• Selected compounds are 
synthesized via CROs.

• Synthesized compounds are tested 
for binding to KRAS G12D via SPR 
(Surface Plasmon Resonance).

• Compounds that are active in the 
first test were retested a second 
time to ensure confidence in the 
results.

• Biacore 8K system, Sensor Chip SA.

• 1x HBS-EP+, 2mM TCEP, 2% DMSO 
as running buffer, protein 
concentration was 5μg/mL, injected 
for 60s at a flow rate of 30μL/min 
and dissociation time was 180s.

• The stability of the experimental 
system was tested using BI-2852 and 
MRTX-1133.

• Calculation of Kd values.

• We have synthesized/tested 15 compounds 
with SPR: 8 from the quantum hardware 
batch, 4 from the quantum simulation batch, 
and 3 from the LSTM (classical) batch.

• 3 compounds from the quantum hardware 
batch are binding, 2 compounds from the 
quantum simulation batch, and 1 compound 
from the LSTM (classical) batch. 

• The strongest compounds are from the 
quantum batches: Best Kd value is 1.4 μM for 
the quantum hardware batch, and 39 μM 
from the classical LSTM batch. 

• The compounds are diverse between the 
classical and quantum batches. 

• The initial binders can serve as starting 
compounds for further optimization

96



Finding cures.  S av ing ch ildren.



Finding cures.  S av ing ch ildren.



Finding cures.  S av ing ch ildren.



Finding cures.  S av ing ch ildren.



Finding cures.  S av ing ch ildren.

Protein-Detected NMR Experiments (TROSY-HSQC)
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Summary

• We used a hybrid quantum/classical algorithm deploying a 

QCBM to generate new ligands for KRAS

• The benchmarks indicated that the quantum algorithm 

outperformed a similar classical model

• Quantum algorithms and computers can already be 

deployed in a useful way in real world drug discovery 

applications
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