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Abstract

An algorithm to determine the possible mutations that can occur in the S protein responsible of the Covid-19 in
humans is designed. To do that, nine tridimensional sequences available in the Protein Data Bank similar to the initial strain
sequenced in Wuhan (December 2019) are identified. The conditions driving this potential mutation are: (1) an accumulated
number of mutations greater than (or equal to) 5 in each position; (2), a cumulative value of the different variations of Gibbs
free energy less than -2.0 Kcal/mol; and (3), a squared fluctuation greater than 1.6 A obtained according to calculations for
normal mode analysis based on anisotropic network models (ANM) after averaging the first 20 vibration modes. The result is
that 491 positions can mutate, while 424 positions did not provide any mutation. Finally, the results reveal that there are

mutations that cannot be predicted, so more studies are needed to determine why they are present in the human population.
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Introduction

At the end of December 2019, the first episodes
of Covid-19 were registered from patients from the
Huanan Seafood Wholesale Market in the city of Wuhan
(China) who presented a new atypical pneumonia, fever,
cough, and in the most severe cases, dyspnea and
bilateral lung infiltration. In view of this, on December
31, the Wuhan Municipal Health Commission reported
the incident to the World Health Organization (WHO).

The genome of the virus was made public on
January 2020 [1]. This study allowed the International
Committee on Taxonomy of Viruses to rename it as
SARS-CoV-2. From there, the virus began to spread to
other cities in China, and later on to other countries in
the world. In view of the high number of infections, the
WHO determined a new Covid-19 pandemic on March
11.

The genome data was published in 2020 [1]. It
was observed that it is a new betacoronavirus. It is 79%
and 50% identical with respect to SARS-CoV and
MERS-CoV, respectively. In other words, Covid-19 seems
to be more related to the episode registered in 2002
rather than the incident that occurred in 2012. This
observation is being investigated in more detail and will
be published in a future work.

In this paper, there is a focus on the S protein
because it is involved in the process of entering the virus
into the receptor, and therefore it is a target for the
design of possible vaccines against Covid-19. Recall that
the S protein of SARS-CoV-2 consists of approximately
1,273 amino acids (aa), slightly higher than that found
in SARS-CoV (1,255 aa).

Up to date, the emergency use of the vaccines
Sputnik V from Russia, Sinopharm from China, among
others, have been authorized. They are based on the
analysis of the sequences that occurred in the initial
studies of the virus, but a range of mutations can occur
such that they are inefficient over time. Hence the need
to predict possible mutations that can modify the
effectiveness of vaccines [2,3].

The first mutations registered in Brazil were
found in a patient in Rio of Janeiro infected in October
2020 [4]. This mutation (E484S) spread to multiple
countries including USA, Singapore, Argentina, Denmark,
Ireland, England, Canada, etc.; but it was not found in

www.openaccesspub.org  JCV CC-license

DOI: 10.14302/issn.2692-1537.ijcv-21-3804

=)
Jpen

Africa (remember that this variant is also known as 484
K.V2).

The second variant in Brazil has the following
mutations: L18F, T20N, P26S, D138Y, R190S, K417T,
N501Y, D614G, H655Y, and V1176F in the S protein [5],
and was designated as B.1.1.248. It is interesting to see
that the variant formed by K417T, E484K, and N501Y
was independently named 28-AM-I, although both
variants have also been assigned as P.1 variant as part
of the B.1.1.28 nomenclature.

In view of this, nine three-dimensional (3D)
structures of the S protein were selected to avoid any
ambiguity in the results. Subsequently, an exploration of
all the possible mutations that occur in each of the
positions that make up the S protein was carried out,
using the calculations of Gibbs free energy (AAG) [6] as
described in the next section. Finally, three scenarios will
be handled in order to determine if a mutation in such a
protein is possible.

Methodology

From one of the sequences published after the
incident in the Wuhan market in December 2019, nine
structural sequences of the S protein were selected from
the Protein Data Bank (www.pdb.org), using the tools
from the NCBI portal (blast.ncbi.nim.nih.gov/). These
sequences should provide a similarity higher than 98%
with respect to the Wuhan sequence.

To consider a mutation as valid, two out of
these three conditions should be met: (1) positions
where at least five or more possible mutations (the half
of the selected sequences) can occur; (2) amino acids
that present a quadratic fluctuation equal to or greater
than 1.6 A obtained from an anisotropy network model
calculations; and (3), the accumulation of the variation
Gibbs energy is less than -2.0 Kcalc/mol.

The first mutations registered after the initial
outbreak in Wuhan are analyzed, ie.: Y28, A67, N74,
W152, Y200, R273, F275, L276, E298, K300, T302,
G485, A570, D614, A653, L752, P812, 1818, G838,
F1103, and V1104 [7-11]. In addition, to corroborate
whether the two variants registered in Brazil (until
February 2021) could be predicted with the results of
the paper, the E484K mutation was initially registered in
a patient infected in Rio of Janeiro in October 2020 [3],
and later a pool of mutations that occurred in the
second Brazilian variant (also known as P.1) are present,
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which are: L18F, T20N, P26S. D138Y, R190S, K417T,
N501Y, D614G, H655Y, and V1176F [3].

Results

The amino acid sequence of the S protein
selected in the work corresponds to one of the first
episodes registered in Wuhan (China) in December
2019, whose NCBI ID was MN908947. Thus, nine of
their sequences were randomly selected from the result
obtained with the Blastp program, which are deposited
in the Protein Data Bank (PDB).

The nine sequences selected in humans
correspond to the following PDB identifiers: 7]JI, 6VSB,
7KDI, 7KDJ, 6Z0W, 6XCM, 7CWL, 7K8S, and 7C2L. The
next step was to calculate for each one of them, all the
possible mutations that can occur from the calculation of
the variation of Gibbs free energy after using the
PoPMuSIiC program.

Figure 1 shows the number of mutations, the
degree of exposure to the solvent, and the quadratic
fluctuation in the region between Q14 and S98 in the
7CWL sequence. The figure shows how the number of
mutations, the degree of exposure to the solvent, and
the quadratic fluctuation are correlated throughout this
region.

Figure 2 shows the result of the evaluation of
the possible mutations that may occur at position 200 of
the S protein found in seven sequences selected in the
work. This figure verifies the excellent agreement of the
results obtained between all of them, as well as the
average value depicted in blue (noted as <>).

Figure 3 shows the possible mutations in a small
region between the positions Q14 and 168 in five
different sequences. The distribution is not uniform as in
the previous case, so the accumulated value of the
mutations is considered instead of the average value.

It should be noted that a total of 177,463
different Gibbs free energy calculations must be
analyzed in the nine sequences selected in the work, so
it was necessary to implement small scripts in the
Python programming language to analyze those results.

The calculations revealed that 424 positions do
not present any mutation in the nine sequences selected
(indicated in Table 1). Table 2 shows the positions that
meet two out of the three conditions proposed in this

paper.
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Table 3 shows some of the mutations identified
in the scientific literature, where the amino acid and
position are indicated in the first column (AA) as well as
the cumulative number of predicted mutations (Mut).
The next column shows the accumulated value of the
Gibbs free energy variations obtained by adding all the
different contributions of the possible mutations (an
example of this calculation is shown below), and the
fourth column shows the mean square fluctuation
obtained with an ANM methodology.

It is not possible to predict some mutations ie.,
Y200, F275, L276, L752, 1818, F1103, and V1104 (Table
3). In fact, when checking the results in positions F275,
L276, and 1818, do not present any mutation. However,
other mutations were predicted, such as Y28 or D614.
The R273 and K300 positions are determined by a high
number of mutations.

In order to understand the accumulated value of
the Gibbs free energy variations (AAG accum), the
results obtained at position D614 are selected. This
position has been found to be mutated to a GLY (G).
The results obtained in each of the nine sequences are
as follows:

6VSB:  -1.04, CYS, PHE, GLY, HIS, ASN

6XCM: -2.11, CYS, PHE, GLY, HIS, ASN, TYR
7K8S:  -1.35, CYS, GLY, HIS, ASN

7C2L:  -0.58, CYS, GLY, HIS, ASN, VAL

7KDJ:  GLY, 0,

7KDI:  GLY, 0,

7201 -2.61, CYS, PHE, LEU, TRP, TYR

6Z0OW: -1.48, CYS, PHE, GLY, HIS, ASN, PRO, THR,
VAL, TYR

7CWL:  -2.86, CYS, PHE, GLY, HIS, LEU, MET,
ASN, TYR

Where the 6VSB sequence predicted five
possible mutations (Cys, Phe, Gly, His, and Asn) such
that the total sum of the five variations of the Gibbs free
energy is equal to -1.04 Kcal/mol. The 7K8S sequence
predicts four mutations and the cumulative Gibbs energy
variation is -1.35 Kcalc/mol, and so on. Therefore, it can
be verified that in position 614, 42 mutations present in
7 sequences are predicted, while two of them do not
predict any mutation (7KDI and 7KDJ).
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Figure 1. Selected region of the 7CWL sequence between Q14 until S98 of the S protein. The degree of
exposure to the solvent is depicted in green color, the fluctuation due to the square displacement is
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Figure 2. Different results for the variation of the Gibbs free energy at position 200 of the S protein
obtained in seven different sequences are shown. The average value is depicted in blue.
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Table 1. The 424 amino acid positions where no mutation was detected:

P26, 531, F32, G35, V36, Y37, Y38, V42, F43, V47, L48, L54, F55, L56, P57, F58, V62, W64, W70, L84, Vo0, Yo1,
1100, 1101, W104, 1105, F106, L110, L117, L118, 1119, V120, V126, V127, 1128, V130, C131, F133, Y144,
¥145, 5151, 5155, V159, Y160, C166, P174, F175, G184, F186, F192, V193, F194, 1197, G199, Y200, F201,
1203, Y204, L216, F220, L223, P225, 1235, T236, F238, L241, G252, D253, 5254, 5255, W258, A260, Y265,
Y266, V267, Y268, L270, F275, L276, Y279, G283, T284, 1285, V289, D294, L296, L303, S305, F306, G311,
1312, Y313, S316, F318, 1326, F329, C336, P337, V341, F342, F347, 5349, W353, 1358, N360, C361, Y365,
L368, F374, T376, F377, C379, G381, V382, 5383, L387, L390, C391, F392, T393, V395, F400, V401, 1402,
D405, V407, 409, 1410, P412, G413, T415, G416, 1418, Y421, Y423, L425, F429, C432, V433, W436, G447,
N448, Y451, Y453, L455, F456, L461, P463, F464, 5460, 1472, Y473, C480, G482, V483, N487, C488, L4902,
F497, P507, Y508, V510, V511, V512, L513, T523, V524, €525, L533, V534, N536, C538, V539, F541,
F543 ,N544, G545, L546, V551, L552, F559, P561, F562, F565, V576, P579, 1584, L585, 1587, P589, C590,
F592, V595, V507, 1508, V610, L611, Y612, V615, W633, V635, Y636, S637, V642, F643, G648, C649, L650,
1651, C662, 1664, P665, 1666, G667, AG6S, G669, 1670, 5673, Y674, 1692, Y695, M697, LG99, Y707, N710, 1712,
A713, 1714, T716, N717, F718, 1720, V722, T723, 1726, L727, V729, M731, V736, D737, C738, M740, Y741,
1742, 5746, C749, L752, L753, Y756, G757, 5758, F759, Q762, L763, A766, E773, Q774, K776, Q779, V781,
F782, V785, 1788, Y789, F797, G798, G799, F802, S803, 1805, LBO6, P807, RE815, 5816, 1818, L821, L822, F833,
1834, CB840, L841, G842, D843, 1844, A845, A846, L8490, 1850, CB851, F855, G857, L858, V860, L861, P863,
L864, LB65, EBGE, MB69, 1870, AB71, Q872, Y873, L877, 1882, G885, WE86, F888, AB90, L8694, 1896, PBY7,
M900, M902, FO05, G910, VO11, LO16, Y917, N919, 1923, F927, 1934, L948, V951, Q954, Q957, T961, L9962,
L966, 5968, FO70, GO71, S974, S975, 1080, L984, AO89, 1993, ROOS, L996, L1001, Q1002, L1004, Q1005,
T1006, Y1007, V1008, Q1010, Q1011, L1012, 11013, R1014, Al015, 11018, R1019, A1025, Al026, C1032,
V1033, L1034, G1035, R1039, F1042, C1043, G1044, G1046, Y1047, H1048, L1049, P1057, V1060, V1061,
F1062, L1063, V1065, Y1067, V1068, F1075, 11081, C1082, G1085, F1089, P1090, G1093, V1094, F1095,
V1096, G1099, W1102, F1103, V1104, F1109, ¥1110, P1112, 11115, T1116, F1121, V1122, G1124, G1131,
V1137, P1140, L1141

Table 2. The 491that canoccur a mutation (the mutations observed in the Brazilian variants are highlighted in
bold for quick visualization).

Q14, N17, T20, R21, Q23, L24, P25, A2Y, Y28, R34, D40, K41, R44, 545, 546, Q52, D53, 560, N61, He6, A7,
168, H6DQ, G72, T73, N74, K77, R78, DEO, N81, PE2, PE5, NEY, D88, GBI, AQ3, S04, T95, E96, K97, N99, R102,
G103, T108, D111, 5112, K113, Q115, 5116, N121, N122, A123, T124, N125, K129, E132, Q134, C136, N137,
D138, F139, F140, L141, G142, V143, K147, N148, K150, M153, E154, E156, R158, 5162, Al63, N164, N1o35,
E169, 5172, Q173, L1Ye, M177, D178, L179, E180, K182, Q183, K187, N138, R190, E191, K195, N196, D198,
K202, 5205, K206, H207, T208, P209, 1210, N211, L212, V213, R214, D215, Q218, 5221, E224, L226, D228,
P230, 1231, N234, R237, Q239, T240, L242, A243, L244, H245, R246, Y248, L249, 5256, T259, G261, A202,
A263, A264, G268,Q0271,R273 K278 ,E281, N282, D287, D290, A292, K300, C301, T302, K304, E309, K310,
Q314, N317, Q321, T323, E324, 5325, R328, P330, N331, T333, N334, L335, F338, G339, E340, N343, T345,
R346, N354, R355, K356, R357, V362, A363, D364, V367, N370, 5371, A372, 5373, 5375, K378, T385, K386,
M388, N394, A397, D398, 5399, R403, G404, E406, Q414, K417, D420, N422, K424, D427, D428, T430, G431,
A435, N439, N440, L9441, D942, 5443, K444, V445, G446, Y449, N450, R454, R457, K458, N4o0, K462, E405,
R466, 1468, T470, E471, Q474, A475, G476, 5477, T478, P479, E484, G485, F486, Y489, F490, P491, Q493,
5494, G496, Q498, T500, N501, G502, V503, G504, 5514, E516, L517, L5313, H519, A520, G526, P527, K528,
K529, 5530, T531, N532, K535, K537, N340, N542, G548, E554, 5555, N556, K557, K558, 563, Q564, G506,
R567, D568, 1569, D571, T572, T573, D574, AS75, R577, Q580, L5382, E583, D586, 5591, G594, 5596, T599,
GEe01, N603, Nad6, Q607, A609, Q613, D614, N6l16, C617, To1E, E619, N641, Q644, R646, A6S3, E6S4, HBSS,
WB56, N657, N658, 5659, Yeel, E6el, De63, ABT72, Q675, Te7e, Q6Y7, 5689, Q690, 5691, 1693, A694, T696,
AYD1, EFO2, N703, 5704, V705, A7D6, N709, 5711, T724, EF25, K733, T734, 5735, D745, T747, 5750, N751,
L7534, C760, T761, N7e4, R765, T768, G709, AF71, V772, D775, N777, T778, E780, AV83, K786, Q787, K790,
T791, P793, 1794, K795, N801, Q804, D308, FB0O9, K811, F812, K814, N824, K825, T827, AB31, KB35, Q836,
G838, D839, 853, K854, N850, F862, T8o66, D367, Ta74, A879, G380, Ta81, Ta83, 5884, G891, AB92, AB93,
Q895, AB99, R905, N90OY, G908, 1909, 913, N914, E918, K921, L922, A924, N925, N928, 5929, 1931, G932,
kK933, Q935, D936, 5937, 5939, 5040, T941, A042, 5943, L945, G946, Q949, D950, N953, N955, L959, N9ad,
K964, Q965, N969, V76, NO7E, DI79, K986, VOEBY, E988, E990, V991, Q992, D994, T998, G999, R1000, 51003,
A1020, 51021, A1022, K1028, 51030, Q1036, K1038, K1045, 51051, P1053, Q1054, 51055, G1059, H1064,
T1i066, Q1071, E1072, K1073, N1074, T1077, A1078, P1079, A1080, H1083, D1084, K1086, A1087, H1088,
R1091, E1092, 51097, N1098, T1100, H1101, T1105, Q1106, E1111, Q1113, 1114, T1117, D1118, T1120,
51123, N1125, D1127, V1128, 11130, 11132, V1133, N1134, N1135, T1136, Q1142, P1143, E1144, L1145,
D1146, 51147
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Figure 3. Cumulative number of mutations obtained in the region between Q14 and 168 of the S protein
obtained from five sequences considered in the work.

Table 3. Mutations observed in the S protein (AA) as well as the accumulated mutations obtained (Mut).
The cumulative value of the different variations of Gibbs free energy at that position (AAG accum), and
the quadratic displacement obtained with ANM.

AA Mut AAG acumu. <ANM>
Y28 14 -1,58 1,8
AG7 16 -2,96 3,2
N74 14 -2,29 4,7
W152 1 -0,04 4,8
Y200 0 0,00 3,1
R273 44 -6,29 14
F275 0 0,00 1,1
L276 0,00 1,1
E298 14 -1,50 1,0
K300 63 -31,64 11
1302 38 -6,62 1,2
G485 6 -0,91 23,2
A570 -0,27 4,8
D614 42 -12,03 1,7
A653 36 -10,00 1,3
L752 0,00 6,5
P812 6 -0,37 2,3
1818 0,00 1,1
G838 15 -5,18 3,5
F1103 0,00 3,4
V1104 0,00 3,1
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When reviewing the different mutations that are
predicted in each of the seven sequences, it can be seen
that the most frequent amino acid is a Gly (G), occurring
8 times. Cys (C) also appears 7 times, among others.
Hence, an accumulated Gibbs energy of -12.03 Kcalc/
mol was found (result of the sum of -1.04, -2.11, -1.35,
- 0.58, -2.61, -1.48, and -2.86).

Finally, it is verified that the mutations
registered in the new Brazil variants also appear in the
results of this work, which are T20N, D138Y, R190S,
K417T, N501Y, D614G, and H655Y. The L18 and P26
positions do not count on predicted mutations, and
unfortunately the position V1176 was not present in the
sequences.

Conclusion

This work determines the different positions
where a mutation can occur in the S protein in order to
explain the different variants that are occurring in SARS-
CoV-2. It is interesting to note that it is possible to
actually predict those observed in the new variant of
Brazil, but it was not possible to explain some of the
mutations detected at the beginning of the contagion by
Covid-19 (L18, P26, Y200, F275, L276, L752 , 1818,
F1103 and V1104).
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