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Quantum machine learning incubator

40 participants

25 companies started

ProteinQure + 2 companies 
‘graduated’



Drug discovery:
“finding the key to the lock”

CXCR4 chemokine receptor in complex 
with cyclic peptide, Science 330 (2010)



Antibodies
(Novoeight®)

Small molecule drugs
(aspirin) 

Next-Gen Protein Therapeutics
(novel recombinant proteins) 

ProteinQure is developing novel algorithms for designing 
next-generation protein therapeutics using quantum computing and 

machine learning.

Computational design of
protein therapeutics
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Possible protein structures of 50
amino acid length (1065) 

Known structures in protein data-bank (150,000) Protein structures in nature (1015)

Protein drug design is limited by data 
availability and potential search space



reinforcement learning
on amino acid sequences

(iterating thousands of time) 

binding/
docking

scoreProtein folding

drug
candidate

disease target
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Our solution
Physical Simulations, Quantum Computing + Reinforcement Learning

Input

Output

Q Q
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Coarse-grained lattice 
protein folding on a 
quantum annealer
PQ Whitepaper I

Deriving amino-acid 
couplings  using 
evolutionary data.

Quantum-enhanced sampling for 
faster reinforcement learning 

Protein folding with variational 
algorithms on gate-based 
quantum computers.
PQ Whitepaper II

Prediction of the 
ligand-target binding  pose.
Work in progress

Hotspot prediction on 
sequence data bank.

Hybrid methods will lead to speedups and the ability to scale to new problem sizes in the future.

Quantum optimization
can speed up protein design
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Lattice protein folding
with quantum annealers
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Coarse-grained
lattice protein folding

Babej, Fingerhuth & Ing (2018). PQ Whitepaper I (on arXiv soon)

Fully atomistic 
protein model

Coarse-grained 
protein model

Lattice protein fold: 
self-avoiding walks 

on lattice

amino acid
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Ising encoding
of lattice protein folding

Babej, Fingerhuth & Ing (2018). PQ Whitepaper I (on arXiv soon)

● Early work by Babbush, Perdomo-Ortiz 
& Aspuru-Guzik (Phys. Rev. A. (2008), 
Adv. Chem. Ph. (2012) & arXiv (2012)) on 
planar lattices

● They were first to map lattice protein 
folding to an Ising-type Hamiltonian

● We generalized the approach to cubic 
lattices

● Improved the implementation from 
quadratic to quasilinear [ O(n log n) ]
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Results obtained
from the D-Wave 2000Q

Babej, Fingerhuth & Ing (2018). PQ Whitepaper I (on arXiv soon)

We folded the largest 
proteins on today’s quantum 
architectures (10 amino acids 

in 2D, 8 amino acids in 3D).
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Restraint-based
molecular dynamics simulations

MacCallum et al. (2015). Proc. Natl. Acad. Sci, 112(22), 6985-6990.
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Lattice protein folding
with universal gate-based QCs
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Quantum approximate
optimization algorithm (QAOA)

Farhi et al. (2014). arXiv:1411.4028

Maximize
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One-hot encoding
turns on a cubic lattice

Babej, Fingerhuth & Ing (2018). PQ Whitepaper II (on arXiv soon)

We one-hot encode the 6 spatial 
directions to ensure 

constant Hamming weight

of valid solutions.
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Feasible subspace

Hadfield et al. (2017). Proceedings of the Second Int. Workshop on Post Moores Era Supercomputing (pp. 15-21). ACM.

111111 111111 111111

000000 000000 000000

000000 000000 110000

100000 010000 110001

100000 100000 100000

100000 010000 000100

100000 010000 100000

100000 000100 000010

All bitstrings

Feasible 
bitstrings
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Making use of the
QAOA Mixer Hamiltonian

Babej, Fingerhuth & Ing (2018). PQ Whitepaper II (on arXiv soon)

where

and

Traditional X mixer

Proposed SWAP mixer

‘scrambles all bits’

preserves Hamming weight!
> ensures that we stay in feasible subspace
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Making use of the
QAOA Mixer Hamiltonian

Babej, Fingerhuth & Ing (2018). PQ Whitepaper II (on arXiv soon)

where

Short range overlaps

Long range overlaps
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Simulation results

Babej, Fingerhuth & Ing (2018). PQ Whitepaper II (on arXiv soon)

Initial state:
uniform superpos. over all feasible bitstrings

Initial state:
uniform superpos. over all bitstrings
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Coarse-grained lattice 
protein folding on a 
quantum annealer
PQ Whitepaper I

Deriving amino-acid 
couplings  using 
evolutionary data.

Quantum-enhanced sampling for 
faster reinforcement learning 

Protein folding with variational 
algorithms on gate-based 
quantum computers.
PQ Whitepaper II

Prediction of the 
ligand-target binding  pose.
Work in progress

Hotspot prediction on 
sequence data bank.

Hybrid methods will lead to speedups and the ability to scale to new problem sizes in the future.

Plenty of hard optimization 
problems in protein drug design
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Interested in collaborating?

Reach out to us if you’re interested in:

- Quantum algorithm development

- Hybrid quantum/classical algorithms on NISQ devices

- Life science applications of quantum computing

- Programming on all the different hardware platforms



Computational drug discovery 
employing machine learning
and quantum computing

Contact us!
mark@proteinqure.com

Or visit our website @ www.proteinqure.com
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mailto:mark@proteinqure.com
http://www.proteinqure.com
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Deeper circuits depths are needed

Babej, Fingerhuth & Ing (2018). PQ Whitepaper II (on arXiv soon)

Realistic CNOT depths right now:
● Rigetti: 10.
● Google: 40.

Folded the mini-protein PSVK using 
Rigetti’s 19Q-Acorn by breaking the 

problem into subproblems.
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ProteinQure's
Story & Roadmap

Sep 2017 Oct 2017

New record in lattice 
protein folding on 

quantum computer:
8 amino acids in 3D

Incorporation of
ProteinQure Inc.

US$ 80k pre-seed

Dec 2017

Ideation
of 

ProteinQure

US$ 1.5M seed round

> 2 years of runway
to build the product

+ 8 employees

June 2018

Quantum binding

QAOA research

Classical tech dev

Jan - May 2018


