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Introduction

The structure and function of many natural and human-engineered proteins is still only poorly understood. As a result, our understanding of

processes connected with protein folding, such as those encountered in Alzheimer’s disease, vaccine development, and crop improvement

research, has remained limited.

Unfolded polypeptides have a very large number of degrees of freedom and thus an enormous number of potential conformations. For
example, a chain with 100 aminoacids has on the order of 107 conformations. In reality, however, many proteins fold to their native
structure within seconds. This is known as Levinthal’s paradox [1].

The exponential growth of potential conformations with chain length makes the problem intractable for classical computers. In the quantum
framewaork, our resource-efficient algorithm scales linearly with the number of aminoacids N.

The goal of this work is to determine the minimum energy conformation of a protein. Starting from a random configuration, the protein's
structure is optimized to lower the energy. This can be achieved by encoding the protein folding problem into a qubit operator and ensuring
that all physical constraints are satisfiad,

For the problem encoding we use
« Configuration qubits: qubits that are used to describe the configurations and the relative position of the different beads
* |nteraction qubits: qubits that encode interactions between the different aminoacids

For our case we use 3 tetrahedral lattice (diamond shape lattice) where we encede the movement through the configuration qubits (see

image below).

The Hamiltonian of the svetem far 3 sat of qubits a — fa. - a.- Y is
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The configuration qubits

As for the previous models in literature, a polymer configuration is grown on the lattice by
adding the different beads one after the other and encoding, in the qubit register the different
“turn” t; that defines the position of the bead i + 1 relatively to the previous bead i. lUsing a
tetrahedral lattice, we distinguish two sets of non-equivalent lattice points A and B (see Fig.
1). At the A sites, the polymer can only grow along the directions t; € {0, 1, 2, 3} while at site B
the possible directions are t; € {0, 1,2, 3}. Along the sequence, the A and B sites are

alternated so that we can use the convention that A (respectively B) sites correspond to even
(odd) is. Without loss of generality, the first two turns can be set tot; = 1 and t, = 0 due to

symmetry degeneracy. To encode the turns, we assign one qubit per axis ¢; = Qaj-394i-294i-104;
(Fig. 1(c)). Therefore, the total number of qubits required to encode a conformation q¢
corresponds to N = 4(N - 3).

The interaction qubits
To describe the interactions, we introduce a new qubit register q;,, composed of qitfj for each
(™ nearest neighbor (I-NN) interaction on the lattice (see red and green dashed lines for [ = 1
and [ = 2 in Fig. 1, b) between beads i and j.
pairwise interaction energies EEE between the beads at distance [ can be arbitrarily defined to
reproduce a fold of interest or it can be adapted from pre-existing models, like the one

proposed by Miyazawa and Jernigan (MJ) for 1-NN interactions'Z.

H(q) =

(©)

0010 0001 0100 ... ,

T

q = {9 DQint).

Hy ['[L:f) + He (qcf) + Hin(':I}
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Implementacion de una interfase

Fauchere, J., and Pliska, V. 1983. Hydrophobic parameters of

amino-acid side chains from the partitioning of N-acetyl-amino-

acid amides. Eur. J. Med. Chem. 8: 369—-375

Nomenclatura, grado de hidrofobicidad y comportamiento en disolucién de los aminoicidos naturales

Cdédigo de 3 letras Cédigo de 1 letra Hidrofobicidad Comportamiento
ASP D -0.77 acido

GLU E -0.64 acido

LYS K -0.99 bésico
ARG R -1.01 bdsico

HIS H 0.13 basico
HISH H 0.13 bésico

GLY G 0.00 hidrofébico
ALA A 0.31 hidrofébico
VAL Vv 1.22 hidrofébico
LEU L 1.70 hidrofébico
ILE | 1.80 hidrofébico
PRO P 0.72 hidrofébico
PHE F 1.79 hidrofébico
MET M 1.23 hidrofébico
TRP W 2.25 hidrofébico
SER S -0.04 polar

THR T 0.26 polar

CYS C 1.54 polar

TYR Y 0.96 polar

ASN N -0.60 polar

GLN Q -0.22 polar
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Aceite Aceite orte
A

Aceite

Aceite

Aceite

w »
Agua

W (Trp)
L {Leu)
R (Arg)
D (Asp)
G (Gly)
S (Ser)
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Ventaja cudntica en problemas de plegamiento de péptidos —> eficiencia de muestreo,
principalmente cuando crece el nimero de aminoacidos ya que el espacio de posibles soluciones
crece exponencialmente.

Hemos conseguido implementar el efecto de una interfase que separa dos medios de diferente
polaridad, para modelar la superficie de una membrana.

Nuestra implementacion de la interfase es eficiente, ya que no precisa aumentar el nimero de
qubits.

El modelo tiene muchas aproximaciones que hacen que los resultados todavia no sean utiles desde el
punto de vista practico, principalmente por el reducido niumero de particulas que se pueden modelar
y por la aproximacion discreta de las posiciones de estas particulas.

Muchas oportunidades de optimizacion utilizando nuevos algoritmos de computacion cuantica vy
grandes expectativas en mejora de hardware.
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