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SARS-CoV-2 genome encodes four structural protein that include, Spike glycoprotein,
Membrane protein, Envelope protein and Nucleocapsid Phosphoprotein (N protein). The N
protein interacts with viral genomic RNA and helps in packaging. As the SARS-CoV-2
spread to almost all countries worldwide within 2-3 months; it also acquired mutations in
its RNA genome. Therefore, this study was conducted with an aim to identify the variations
present in N protein of SARS-CoV-2. Here, we analysed 4163 reported sequence of N
protein from United States of America (USA) and compared with first reported sequence
from Wuhan, China. Our study identified 107 mutations that reside all over the N protein.
Further, we show the high rate of mutations in intrinsically disordered regions (IDRs) of N
protein. Our study show 45% residues of IDR2 harbour mutations. The RNA binding domain
(RBD) and dimerization domain of N protein also have mutations at key residues. We
further measured the effect of these mutations on N protein stability and dynamicity and
our data reveals that multiple mutations can cause considerable alterations. Altogether,
our data strongly suggests that N protein is one of the mutational hotspot proteins of
SARS-CoV-2 that is changing rapidly and these mutations can potentially interferes with
various aspects of N protein functions including its interaction with RNA, oligomerization
and signalling events.
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ABSTRACT

SARS-CoV-2 genome encodes four structural protein that include, Spike glycoprotein,
Membrane protein, Envelope protein and Nucleocapsid Phosphoprotein (N protein). The N
protein interacts with viral genomic RNA and helps in packaging. As the SARS-CoV-2 spread to
almost all countries worldwide within 2-3 months; it also acquired mutations in its RNA genome.
Therefore, this study was conducted with an aim to identify the variations present in N protein of
SARS-CoV-2. Here, we analysed 4163 reported sequence of N protein from United States of
America (USA) and compared with first reported sequence from Wuhan, China. Our study
identified 107 mutations that reside all over the N protein. Further, we show the high rate of
mutations in intrinsically disordered regions (IDRs) of N protein. Our study show 45% residues
of IDR2 harbour mutations. The RNA binding domain (RBD) and dimerization domain of N
protein also have mutations at key residues. We further measured the effect of these mutations
on N protein stability and dynamicity and our data reveals that multiple mutations can cause
considerable alterations. Altogether, our data strongly suggests that N protein is one of the
mutational hotspot proteins of SARS-CoV-2 that is changing rapidly and these mutations can
potentially interferes with various aspects of N protein functions including its interaction with

RNA, oligomerization and signalling events.

INTRODUCTION

In the late December, 2019, Wuhan, the Hubei province of China, reported a surge in
hospitalisation due to pneumonia like symptoms (Zhu et al., 2020). The causative agent was
identified as a severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) that shares
close similarity with earlier known SARS-CoV (Chen et al., 2020). The SARS-CoV-2 is highly
contagious that lead to its rapid spread worldwide, and in March 2020, the World Health
Organization (WHO) declared the outbreak a pandemic. The disease caused by SARS-CoV-2
has been named as coronavirus disease 19 (COVID-19) that exhibits mild to severe respiratory
distress in the infected individuals. As of 28t June, 2020 the COVID-19 has affected all
countries worldwide with close to 10 million reported cases and 0.5 million confirmed deaths.
Further, the epidemiological studies revealed that the mortality rate from COVID-19 is
significantly higher among individuals over 60 years of age with weak immunity (Liu et al.,
2020).
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The SARS-CoV-2 has positive sense, single stranded RNA genome of approximately 29.8 kb
(Wu et al., 2020b). The majority of viral genome encodes non-structural proteins that are
proteolytically processed from a single Orf1ab polypeptide. SARS-CoV-2 genome also encode
four structural proteins, including the Spike glycoprotein (S), Membrane protein (M), Envelope
protein (E) and Nucleocapsid Phosphoprotein (N) (Wu et al., 2020a). The S, M and E proteins
are located in the lipid bilayer of the virus and contribute to the formation of viral envelope;
however, the N protein contributes to the viral genomic RNA packaging and remains embedded
in the central core of the virion. N protein binds with viral genomic RNA and forms helical
structure to maintain the structural integrity of RNA genome (Chang et al., 2014). This is one of
the most abundant structural proteins encoded by the SARS-CoV-2 genome. The SARS-CoV-2
N protein resembles N protein from other RNA viruses, known to modulate host intracellular
machinery and also involved in the regulation of virus life cycle.

The crystal structure of N protein revealed two distinct domains at N and C terminus (Kang et
al., 2020). The domain present towards the N- terminus also known and RNA binding domain
(RBD). The C-terminal side harbours dimerization domain which interacts with other N protein to
make dimer. Apart from these two domains there are three intrinsically disordered regions
(IDRs) at N and C terminal ends as well as between the RBD and dimerization domain of N
protein. Since, this protein plays critical role in packaging of SARS-CoV-2 RNA genome, the
mutations in N protein or interfering its function can lead to diverse outcome on viral life cycle
(Rabi Ann Musah, 2005; Chenavas et al., 2013). Here, we compared the N protein sequences
obtained from USA with first reported sequence from China to identify the variations present
between them. We identified 107 mutations and their impact on N protein structure and function

are discussed.

MATERIALS AND METHODS

Sequence retrieval from NCBI-virus-database

The NCBI-virus- database stores the deposited sequences of SARS-CoV-2 which is updated
regularly as the new sequences are reported. As of 23 June 2020, 4163 SARS-CoV-2
sequences of N protein are being deposited from USA. We downloaded these sequences and
used them for analysis in this study. The first reported N protein sequence from Wuhan was
used as reference sequence or wild type sequence (Wu et al., 2020b). The protein accession
identification number of reference sequence used in this study is YP_009724397 and rest of the

4163 IDs (reported from USA) are mentioned in supplementary table 1.
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Multiple sequence alignment by Clustal-Omega programe

To identify the mutations present in the SARS-CoV-2 N protein reported from USA, we did
multiple sequence alignments and compared them with the first reported N protein sequence
(YP_009724397) from Wuhan, China. The multiple sequence alignment was performed using
Clustal Omega tool (Madeira et al., 2019).

Calculation of free energy and vibrational entropy between wild type and mutant N proteins

In order to measure the impact of mutations identified in this study on the structural dynamicity
and stability of N protein, we calculated the differences in free energy (AAG) and vibrational
entropy (AASvib) ENCoM between wild type and mutants. This analysis was performed by
DynaMut programe (Rodrigues, Pires & Ascher, 2018). To perform DynaMut protein modelling
we used RCSB protein ID: 6VYO(Kang et al., 2020) for RBD molecular modelling and RCSB
protein ID: 6WJI for dimerization domain molecular modelling of N protein. The positive AAG
represents stability and negative AAG represents destabilisation of protein structure upon
mutation. Similarly, positive AASvibENCoM represents increase in flexibility and negative
AASVIbENCoM represents increase in rigidity of protein structure. DynaMut also provide the
visual representation of fluctuation in protein structure. The blue colour represents gain in

rigidity and red colour represents the gain in flexibility upon mutation.

RESULTS

Identification of mutations in IDR1, IDR2 and IDR3 of N-protein

The crystal structure of N protein of SARS-CoV-2 has been recently solved (Kang et al., 2020),
the structural details show it is comprised of three distinct regions; the N-terminal domain
(contains RNA binding domain), C-terminal domain (contains dimerization domain) and IDRs as
shown in figure 1. There are three IDRs in N protein; IDR1 (at the N-terminal end), IDR2
(between RBD and CTD) and IDR3 (at the C-terminal end). IDR2 is also referred as linker
region (LKR) because it connects RBD and dimerization domain of N protein. In order to identify
the variations present in N protein of SARS-CoV-2 reported from the USA, we performed
multiple sequence alignments. Here, we used Clustal Omega programe to align 4163 N protein
polypeptide sequences from USA and compared them with the first reported sequence from
Wuhan, China.

Our analysis identified eighteen mutations in IDR1 (Table1). The IDR1 is present from 1-43
residues towards the N- terminal end of N protein. These eighteen mutations correspond to

approximately 40% (18 out of 43) of the residues of IDR1. Among these the most frequently
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mutated residues are Gly and Arg (both are mutated at four positions) and Pro residue is
mutated at three different positions in IDR1 (Table 1).

Similar analysis with IDR2 identified thirty six mutations which correspond to approximately 45%
of residues of IDR2 (Table 2). The IDR2 is present from 181-256 residues of the N protein and
connects RBD and dimerization domains. The most frequently mutated residue in IDR2 was
found to be Ser, it is mutated at twelve positions. Further, the Ala, Gly and Arg residues are
mutated at five positions, respectively.

Similarly, we identified fifteen mutations in IDR3 (Table 3). The IDR3 is present from 365-419
residues towards the C- terminal end of N protein. Most notable mutations are Thr and Ala
residues are mutated at three positions and Pro, Asp, and GIn are mutated at two positions,
respectively (Table 3). Altogether, we identified sixty nine mutations in intrinsically disordered
regions IDR1, IDR2 and IDR3 of N protein.

Identification of mutations in RBD and dimerization domain of N-protein

The RBD of N-protein starts from 44t residue till 180" residue. We mapped the mutation in this
region of N protein and our analysis revealed presence of twenty two mutations (Table 4).
These twenty two mutations also correspond to approximately 16% of the residues of RBD. Our
mutational analysis shows the most frequently mutated residues are Pro and Ala at five
positions and Asp at three positions as shown in table 4.

Similar analysis with the dimerization domain of N protein revealed that it harbours sixteen
mutations. The dimerization domain of N-protein starts from 257" residue till 364t residue. Our
mutational analysis shows Thr is mutated at four positions and Asp at three positions. Further,
only 14 % residues are mutated in this domain which is least among all other regions of the N-
protein identified here. Altogether, we identified thirty eight mutations in RBD and dimerization

domain of N protein.

Mutations causes alteration in dynamic stability of N protein

In order to understand the effect of mutations on the stability of the protein we calculated the
differences in free energy (AAG) between wild type and mutants. We performed this analysis
using DynaMut programe. The positive AAG corresponds to increase in stability while negative
AAG corresponds to decrease in stability. We performed this analysis with all of the mutations
that reside in RBD and dimerization domain of N protein. The IDRs do not have proper 3D
structure therefore; this analysis is not accurate for those regions. Our data revealed the

noticeable increase or decrease in free energy in various mutations as shown in table 6. The top
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five positive and negative AAG values are highlighted in table 6. The maximum increase in AAG
was observed for T2711 (1.184 kcal/mol) and the highest negative AAG was obtained for 1292T
(-1.952 kcal/mol), both of these mutations reside in dimerization domain of N protein.

We also measured the change in vibrational entropy energy (AAS,;,ENCoM) between the wild
type and the mutants present in RBD and dimerization domain of N protein (Table 6).Vibration
entropy contributes to the configurational-entropy of the proteins (Goethe, Fita & Rubi, 2015).
The negative AAS,;,ENCoM of mutant N protein corresponds to the increase in rigidification and
positive AAS,;,ENCoM corresponds to gain in flexibility of the protein structure. The maximum
positive AAS,;,ENCoM was obtained for P364L (0.256 kcal.mol-1.K-1) and negative
AAS,;,ENCoM was obtained for G284E (-0.844 kcal.mol-1.K-1). The variation in vibrational
entropy between wild type and mutant can also be visualised as shown in figure 2. The blue
colour corresponds to rigidification in protein structure and red colour corresponds to gain in
flexibility upon mutation. The top three positive and negative AAS,;,ENCoM are shown in figure
2 (A-F). Altogether, the data obtained from AAG and AAS,;,ENCoM strongly suggests that the

mutations identified in this study can influence N protein stability and dynamicity.

Intramolecular interactions are altered due to mutations in N protein

Next, we sought to closely analyse the changes in the intramolecular interactions in some of the
mutants that exhibited significant alterations in AAG. We compared the intramolecular
interaction for T2711 (AAG: 1.184 kcal/mol) and 1292T (AAG: -1.952 kcal/mol) as these two
mutants showed maximum variations among thirty eight mutants present in RBD and
dimerization domain of N protein (Table 4 and 5). Our data clearly showed the variations in the
interactions mediated by wild type and mutant residues in the pocket, where these amino acids
resides as shown in figure 3A-B (T2711) , and 3C-D (1292T). Altogether, our data strongly
suggests that the mutants identified in our study are affecting the dynamic stability as well as

intramolecular interactions in the N protein.

DISCUSSIONS

SARS-CoV-2 is an RNA virus, a causative agent of COVID-19. This virus spread worldwide
within a span of few months and during its spread it also acquired mutations. One such example
is D614G on Spike glycoprotein(Korber et al., 2020) of SARS-CoV-2. This mutation is the most
frequent mutation observed in most of the countries including USA, European countries, India
and others indicating that it has now become the dominant pandemic form in many countries

(Korber et al., 2020). Even though the appearance of diversity among various protein encoded
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by SARS-CoV-2 is low, owing to its quick global spread, enable this virus for accelerated natural
selection events that might lead to generation of rare favourable variants. Hence, the studies to
understand the mutations in SARS-CoV-2 warrant thorough investigations. This study was
performed with an aim to identify mutations in N protein which is one of the main structural
proteins of SARS-CoV-2. Here, we analysed 4163 sequences of N protein from USA and
identified 107 mutations upon comparison from first reported sequences of the same protein
from Wuhan, China. We also observed around 64% (69 out of 107) of these mutations reside in
the IDRs of N protein. Among IDRs, the IDR2 harbours 36 mutations that correspond to the
most number of mutations observed in a single distinct region of the N protein.

Earlier studies demonstrated that Ser and Arg-rich linker region (IDR2) plays indispensible role
in intracellular signalling events primary by phosphorylation at Ser residues (Wootton, Rowland
& Yoo, 2002; McBride, van Zyl & Fielding, 2014). The wild type LKR/ IDR2 contains sixteen Ser
residues, and our study revealed that out of those, twelve serine residues are mutated (table 2).
Therefore, we can safely assume that these mutations of Ser residues might contribute to
alteration of phosphorylation dependent signalling.

We also measured AAG and AAS,,ENCoM for the mutants that reside in the RBD and
dimerization domain of N protein. The four mutants that exhibited highest values for AAG and
AAS\,ENCoM identified in our study are T2711, 1292T, G284E and P364L. Since, all of them
are in the dimerization domain; therefore, it is possible that these mutations might lead to
alteration in the dimerization potential of N protein.

Evidences indicate that the N protein of coronaviruses functions as an RNA chaperones (Zufiga
et al., 2007, 2010) and also contributes to packaging and maintenance of the RNA genome.
Hence, the drugs that can either inhibit the interactions of RNA with N protein or interfere with
dimerization of N protein can be a potential antiviral candidates (Lo et al., 2013). One such drug
is Nucleozin and its derivatives that targets ribonucleoprotein formation in influenza virus by
interfering N protein oligomerization (Gerritz et al., 2011). Furthermore, a recent study was
conducted to identify inhibitors of SARS-CoV-2 N protein, identified various promising candidate
drugs including Conivaptan, Ergotamine, Venetoclax and Rifapentine (Onat Kadioglu, 2020).
Most of these candidate drugs interact with the residues that are either mutated or are in the
close vicinity of the mutations identified in our study. Altogether, the mutation revealed in this
study can interfere with various aspects of N protein functions that include oligomerization,

interaction with RNA and interference in N protein mediated signalling events.

CONCLUSION

Peer] reviewing PDF | (2020:06:50466:0:0:NEW 28 Jun 2020)



Peer]

239
240
241
242
243
244
245
246
247
248
249
250
251
252
253
254
255
256
257
258
259
260
261
262
263
264
265
266
267
268
269
270
271

In this study we identified 107 mutations in N protein of SARS-CoV-2 reported from USA.
Further, we demonstrate these mutations can potentially alter dynamic stability of N protein.
Altogether, the data presented here, warrants further investigations to understand its impact on

SARS-CoV-2 phenotype and drugs that target N protein.
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FIGURE AND TABLE LEGENDS

Figure 1: The schematic structure of Nucleocapsid Phosphoprotein (N protein) of SARS-CoV-2.
N protein is a structural protein encoded by SARS-CoV-2 RNA genome. It is 419 residues in
length and contains RNA binding domain and Dimerization domain towards N and C-terminus,
respectively. N protein also has three intrinsically disordered regions (IDRs), IDR1, IDR2 and
IDR3.

Figure 2: Visual representation of A Vibrational Entropy Energy between Wild-Type and Mutant
N protein. The amino acids residues are colored according to the vibrational entropy change as
a consequence of mutation of N protein. BLUE represents a rigidification of the structure and
RED a gain in flexibility. (A-C) represents the top three mutants that show rigidification in
structure upon mutation. (D-F) represents the top three mutants that show gain in flexibility upon

mutation. Each panel also shows the mutation and the location of the residues.

Figure 3: Visual representation of interatomic interactions contributed by T2711 and 1292T of N
protein. Both of these mutants showed maximum positive and negative AAG among mutants
present in RBD and dimerization domain of N protein. (A-B) represents threonine to isoleucine
substitution at 271t position; (C-D) represents isoleucine to threonine substitution at 2924
position. Wild-type and mutant residues are represented in light-green color. The interactions

made by wild type and mutant residues are highlighted in each panel.
Table 1: The table show the location and details of mutations identified in IDR1 of N protein.

These mutations are present among the N protein of SARS-CoV-2 reported from USA. The first

reported sequence of N protein from Wuhan, China was used as wild type sequence for this
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analysis. The table shows only those residues that have variation, rest of the sequences are

identical among all samples.

Table 2: The table show the location and details of mutations identified in IDR2. These

mutations are present in the N protein of SARS-CoV-2 reported from USA. The first reported
sequence of N protein from Wuhan, China was used as wild type sequence for this analysis.
The table shows only those residues that have variation, rest of the sequences are identical

among all samples.

Table 3: The table show the location and details of mutations identified in IDR3. These

mutations are present in the N protein of SARS-CoV-2 reported from USA. The first reported
sequence of N protein from Wuhan, China was used as wild type sequence for this analysis.
The table shows only those residues that have variation, rest of the sequences are identical

among all samples.

Table 4: The table show the location and details of mutations identified in RBD of N protein.
These mutations are present in the N protein of SARS-CoV-2 reported from USA. The first

reported sequence of N protein from Wuhan, China was used as wild type sequence for this
analysis. The table shows only those residues that have variation, rest of the sequences are

identical among all samples.

Table 5: The table show the location and details of mutations identified in dimerization domain
of N protein. These mutations are present in the N protein of SARS-CoV-2 reported from USA.
The first reported sequence of N protein from Wuhan, China was used as wild type sequence
for this analysis. The table shows only those residues that have variation, rest of the sequences

are identical among all samples.

Table 6: The table show the AAG and AASvib ENCoM of the mutants present in RBD and
dimerization domain of N-protein. DynaMut programe was used to calculate both parameters.
The top five positive and negative AAG values are highlighted in bold digits. The top three
positive and negative AASvib ENCoM values are highlighted in bold digits.
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Table 1l(on next page)

IDR1 Mutations

The table show the location and details of mutations identified in IDR1 of N protein. These
mutations are present among the N protein of SARS-CoV-2 reported from USA. The first
reported sequence of N protein from Wuhan, China was used as wild type sequence for this
analysis. The table shows only those residues that have variation, rest of the sequences are

identical among all samples.
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Table 1:
S.No. | Wild type | Residue | Mutated
residue | position | residue
1 Asp 3 Tyr
2 Asn 4 Asp
3 Pro 6 Thr
4 Gln 9 His
5 Pro 13 Leu
6 Arg 14 His
7 Gly 18 Cys
8 Gly 19 Arg
9 Pro 20 Leu
10 Asp 22 Tyr
11 Ser 23 Thr
12 Gly 30 Ala
13 Glu 31 Asp
14 Arg 32 Leu
15 Gly 34 Leu
16 Ala 35 Thr
17 Arg 36 Leu
18 Arg 40 Cys
19 Arg 40 Leu
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Table 2(on next page)

IDR2 mutations

The table show the location and details of mutations identified in IDR2. These mutations are
present in the N protein of SARS-CoV-2 reported from USA. The first reported sequence of N
protein from Wuhan, China was used as wild type sequence for this analysis. The table shows

only those residues that have variation, rest of the sequences are identical among all

samples.
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Table 2:
S. | wild type | Position of | Mutated
No. residue mutation residue
1 Ser 183 Tyr
2 Arg 185 Cys
3 Arg 185 Leu
4 Ser 187 Leu
5 Ser 188 Leu
6 Ser 190 lle
7 Arg 191 Leu
8 Asn 192 Ser
9 Ser 193 lle
10 Ser 194 Leu
11 Arg 195 lle
12 Ser 197 Leu
13 Pro 199 Ser
14 Ser 202 Asn
15 Arg 203 Lys
16 Arg 203 Met
17 Gly 204 Arg
18 Thr 205 lle
19 Ala 208 Gly
20 Arg 209 Lys
21 Arg 209 Thr
22 Ala 211 Ser
23 Gly 212 Cys
24 Asn 213 Tyr
25 Gly 215 Ser
26 Ala 218 Val
27 Ala 220 Thr
28 Gln 229 His
29 Ser 232 Arg
30 Ser 232 Thr
31 Met 234 lle
32 Ser 235 Pro
33 Ser 235 Phe
34 Gly 236 Val
35 Gly 238 Cys
36 Gly 243 Cys
37 Thr 247 Ala
38 Lys 249 Arg
39 Ser 250 Phe
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Table 3(on next page)

IDR3 mutations

The table show the location and details of mutations identified in IDR3. These mutations are
present in the N protein of SARS-CoV-2 reported from USA. The first reported sequence of N
protein from Wuhan, China was used as wild type sequence for this analysis. The table shows

only those residues that have variation, rest of the sequences are identical among all

samples.
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Table 3:
S. No. | wild type Position Mutated
residue of mutation residue
1 Pro 365 Ser
2 Pro 365 Leu
3 Asp 377 Tyr
4 Asp 377 Gly
5 Thr 379 lle
6 Gln 380 His
7 Ala 381 Val
8 Pro 383 Ser
9 Pro 383 Leu
10 Gln 386 Lys
11 GIn 386 His
12 Thr 391 lle
13 Thr 393 lle
14 Ala 397 Ser
15 Ala 398 Val
16 Asp 399 Glu
17 Ser 413 lle
18 Ser 416 Leu
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Table 4(on next page)

RBD mutations

The table show the location and details of mutations identified in RBD of N protein. These
mutations are present in the N protein of SARS-CoV-2 reported from USA. The first reported
sequence of N protein from Wuhan, China was used as wild type sequence for this analysis.

The table shows only those residues that have variation, rest of the sequences are identical

among all samples.
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Table 4:
S.No wild type Position Mutated
residue Of mutation residue
1 Pro 46 Ser
2 Glu 62 Val
3 Pro 67 Ser
4 Asp 81 Tyr
5 Ala 90 Ser
6 Ala 119 Ser
7 Pro 122 Leu
8 Ala 125 Thr
9 Asp 128 Tyr
10 Asn 140 Thr
11 Pro 142 Ser
12 Asp 144 Tyr
13 Asp 144 His
14 lle 146 Phe
15 Pro 151 Leu
16 Ala 152 Ser
17 Asn 154 Tyr
18 Ala 156 Ser
19 Gln 163 Arg
20 Thr 166 lle
21 Lys 169 Arg
22 Ser 180 lle

Peer] reviewing PDF | (2020:06:50466:0:0:NEW 28 Jun 2020)

Manuscript to be reviewed



Peer]

Table 5(on next page)

Dimerization domain mutations

The table show the location and details of mutations identified in dimerization domain of N
protein. These mutations are present in the N protein of SARS-CoV-2 reported from USA. The
first reported sequence of N protein from Wuhan, China was used as wild type sequence for

this analysis. The table shows only those residues that have variation, rest of the sequences

are identical among all samples.
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Table 5:
S.No. | wild type | Residue | Mutated
residue | position | residue

1 Val 270 Leu
2 Thr 271 lle

3 Gly 284 Glu
4 Gln 289 His
5 lle 292 Thr
6 Gln 294 Leu
7 Asp 297 Val

8 Pro 309 Leu
9 Met 322 lle

10 Ser 327 Leu
11 Thr 329 Met
12 Thr 334 lle

13 Asp 340 Gly
14 Asp 340 Asn
15 Asp 348 Tyr
16 Thr 362 lle

17 Pro 364 Leu
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Table 6(on next page)

AAG and AASvib ENCoM calculations

The table show the AAG and AASvib ENCoM of the mutants present in RBD and dimerization
domain of N-protein. DynaMut programe was used to calculate both parameters. The top five

positive and negative AAG values are highlighted in bold digits. The top three positive and
negative AASvib ENCoM values are highlighted in bold digits.
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Table 6:
AAG AASVIbENCoM
S.No. | Mutant PDB ID (kcal/mol) | (kcal.mol-1.K-1)

1 E62V 6VYO 0.105 0.091
2 P67S 6VYO -0.486 0.16

3 D81Y 6VYO 0.454 -0.425
4 A90S 6VYO 0.274 0.043
5 A119S 6VYO 0.073 -0.069
6 P122L 6VYO -0.166 -0.049
7 A125T 6VYO -0.565 -0.022
8 D128Y 6VYO 0.846 -0.236
9 N140T 6VYO 0.318 -0.177
10 P142S 6VYO 0.26 -0.17

11 D144y 6VYO 0.291 -0.293
12 D144H 6VYO -0.036 0.06

13 1146F 6VYO 0.708 -0.837
14 P151L 6VYO 0.771 -0.14

15 A152S 6VYO 0.298 -0.051
16 N154Y 6VYO -0.096 -0.063
17 A156S 6VYO 0.428 -0.256
18 Q163R 6VYO -0.092 -0.017
19 T166I 6VYO 0.194 -0.055
20 K169R 6VYO 0.231 0.077
21 V270L 6WII 0.679 -0.194
22 T2711 6WII 1.184 -0.472
23 G284E 6WII 0.553 -0.844
24 Q289H 6WII 0.18 0.181
25 1292T 6WII -1.952 0.186
26 Q294L 6WII 0.447 -0.078
27 D297V 6WII -0.113 -0.072
28 P309L 6WII 0.887 -0.524
29 M3221 6WII -0.348 0.045
30 S327L 6WII 0.894 -0.259
31 T329M 6WII 0.569 -0.189
32 T3341 6WII 0.236 -0.115
33 D340G 6WII 0.398 -0.114
34 D340N 6WII 0.194 -0.088
35 D348Y 6WII 0.136 -0.121
36 T3621 6WII 0.396 0.047
37 P364L 6WII -0.061 0.256
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Figure 1

The schematic structure of Nucleocapsid Phosphoprotein (N protein) of SARS-CoV-2.

N protein is a structural protein encoded by SARS-CoV-2 RNA genome. It is 419 residues in
length and contains RNA binding domain and Dimerization domain towards N and C-

terminus, respectively. N protein also has three intrinsically disordered regions (IDRs), IDR1,
IDR2 and IDR3.

RNA binding domain Dimerization domain
IDR1 IDR2/LKR IDR3
N-terminus 4[ ]—,L ]7 C-terminus
1 44 180 257 364 419

Nucleocapsid Phosphoprotein
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Figure 2

Visual representation of A Vibrational Entropy Energy between Wild-Type and Mutant N
protein.

The amino acids residues are colored according to the vibrational entropy change as a
consequence of mutation of N protein.BLUE represents a rigidification of the structure and
RED a gain in flexibility. (A-C) represents the top three mutants that show rigidification in
structure upon mutation. (D-F) represents the top three mutants that show gain in flexibility

upon mutation. Each panel also shows the mutation and the location of the residues.

1146F G284E P309L
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Figure 3

Analysis of interatomic interactions.

Visual representation of interatomic interactions contributed by T2711 and 1292T of N protein.
Both of these mutants showed maximum positive and negative AAG among mutants present

in RBD and dimerization domain of N protein. (A-B) represents threonine to isoleucine

substitution at 271% position; (C-D) represents isoleucine to threonine substitution at 292"
position. Wild-type and mutant residues are represented in light-greencolor. The interactions

made by wild type and mutant residues are highlighted in each panel.

Peer] reviewing PDF | (2020:06:50466:0:0:NEW 28 Jun 2020)



PeerJ Manuscript to be reviewed

Wild-type Mutant

T2711

1292T
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