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Abstract

Italy is the first western country suffering heavy severe acute respiratory syndrome

coronavirus 2 (SARS‐CoV‐2) transmission and disease impact after coronavirus

disease‐2019 pandemia started in China. Even though the presence of mutations on

spike glycoprotein and nucleocapsid in Italian isolates has been reported, the po-

tential impact of these mutations on viral transmission has not been evaluated. We

have compared SARS‐CoV‐2 genome sequences from Italian patients with virus

sequences from Chinese patients. We focussed upon three nonsynonymous muta-

tions of genes coding for S(one) and N (two) viral proteins present in Italian isolates

and absent in Chinese ones, using various bioinformatics tools. Amino acid analysis

and changes in three‐dimensional protein structure suggests the mutations reduce

protein stability and, particularly for S1 mutation, the enhanced torsional ability of

the molecule could favor virus binding to cell receptor(s). This theoretical inter-

pretation awaits experimental and clinical confirmation.
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1 | INTRODUCTION

Coronavirus disease‐2019 (COVID‐19), which is caused by a novel

coronavirus termed severe acute respiratory syndrome coronavirus

2 (SARS‐CoV‐2), is a respiratory disease that officially started in the

Chinese city of Wuhan Hubei Province during December 2019 and

has since spread globally as a pandemic.1 As of 13 May 2020, the

total COVID‐19 world cases have surpassed four million with more

than 250 000 deaths. Italy was swept by the virus soon after China

and has long ranked second in the dreadful list of most affected

countries with high rate of contagiousness and SARS‐CoV‐2‐ attri-
butable mortality rate (https://www.worldometers.info/coronavirus/)

SARS‐CoV‐2 is a beta‐coronavirus similar to those causing severe

acute respiratory syndrome (SARS‐CoV) and Middle East respiratory

syndrome (MERS‐CoV). Most of the protein structures of coronaviruses,

including SARS‐CoV, MERS‐CoV, HKU, MHV, and NL63, share high si-

milarity except for their receptor binding domain (RBD).2 SARS‐CoV‐2
genome was found to be about 80% similar to SARS‐CoV. The most

variable residues among bat‐CoV, SARS‐CoV, and SARS‐CoV‐2 have

been found to reside within the S1 subunit of the S protein that exposes

RBD.3 A flexible RBD was observed on S glycoproteins of MERS‐CoV
and SARS‐CoV and is thought to be important for pathogenesis.2

Searching for mutations while the virus continues to spread within

the country can offer opportunities for a better understanding of virus

http://orcid.org/0000-0003-3833-2927
http://orcid.org/0000-0002-7393-8732
http://orcid.org/0000-0002-6822-4022
http://orcid.org/0000-0003-3866-9239
mailto:domenicobenvenuto95@gmail.com
https://www.worldometers.info/coronavirus/
http://crossmark.crossref.org/dialog/?doi=10.1002%2Fjmv.26104&domain=pdf&date_stamp=2020-06-19


TABLE 1 Table reporting GISAID accession number and region of isolation of the sequences with a mutation on the spike glycoprotein

GISAID 
Accession ID Region

S Protein
D614G

N protein
R203K
G204R

412973 Lombardy Yes -
413489 Lombardy Yes -
417418 Friuli Venezia Giulia Yes -
417419 Friuli Venezia Giulia Yes -
417421 Friuli Venezia Giulia Yes -
417423 Friuli Venezia Giulia Yes -
417445 Lombardy Yes -
417446 Lombardy Yes -
417447 Lombardy Yes -
417491 Marche Yes -
417921 Lazio Yes Yes
417922 Lazio Yes -
417923 Lazio Yes -
418255 Abruzzo Yes -
418256 Abruzzo Yes Yes
418257 Abruzzo Yes Yes
418258 Abruzzo Yes Yes
418259 Abruzzo Yes Yes
418260 Abruzzo Yes -
418261 Abruzzo Yes Yes
419254 Lazio Yes -
419255 Lazio Yes -
420563 Abruzzo Yes -
420564 Abruzzo Yes -
420565 Abruzzo Yes Yes
420566 Abruzzo Yes Yes
420567 Abruzzo Yes Yes
420568 Abruzzo Yes Yes
420569 Abruzzo Yes Yes
420583 Abruzzo Yes Yes
420592 Abruzzo Yes Yes
422437 Veneto Yes Yes
422438 Veneto Yes -
424342 Lazio Yes -
424343 Lazio Yes -
424344 Lazio Yes -
428853 Friuli Venezia Giulia Yes -
428854 Friuli Venezia Giulia Yes -
429226 Abbruzzo Yes -
429227 Abruzzo Yes Yes
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evolution, biopathology, and transmission. The earliest nucleotide mu-

tations of three Italian isolates of SARS‐CoV‐2 isolates were reported

on 20 March 2020. Recently, Lorusso et al4 reported on mutations in

SARS‐2‐CoV isolates in the region of Abruzzo, Central Italy. In this

study, we have examined all available SARS‐2‐CoV genome sequences

of isolate from different Italian regions and compared them with the

first original sequences isolated in Wuhan. Here, we report on identi-

fication, biochemical, and biophysical properties of three mutations one

in the S1 spike component and two in the nucleocapsid proteins, shared

by all Italian isolates and absent in the Chinese ones. The S1 mutation

D614G is here particularly discussed in light of a potential influence on

SARS‐2‐CoV transmission.

2 | MATERIALS AND METHODS

All 79 COVID‐19 whole genome sequences isolated from Italian

patients from 29 January 2020 to 27 April 2020 (53, 11, 6, 6, 2, and 1

isolates from regions Abruzzo, Lazio, Friuli Venezia Giulia, Lombardy,

Veneto, and Marche, respectively) (Table 1) and 48 COVID‐19

429228 Abruzzo Yes Yes
429229 Abruzzo Yes -
429230 Abruzzo Yes Yes
429231 Abruzzo Yes Yes
429232 Abruzzo Yes Yes
429233 Abruzzo Yes Yes
429234 Abruzzo Yes Yes
429235 Abruzzo Yes Yes
429236 Abruzzo Yes Yes
429874 Lombardy Yes -
435145 Abruzzo Yes Yes
435146 Abruzzo Yes -
435147 Abruzzo Yes -
435148 Abruzzo Yes Yes
435149 Abruzzo Yes Yes
435150 Abruzzo Yes Yes
435151 Abruzzo Yes Yes
435152 Abruzzo Yes Yes
435153 Abruzzo Yes Yes
435154 Abruzzo Yes Yes
435155 Abruzzo Yes Yes
436718 Abruzzo Yes Yes
436719 Abruzzo Yes Yes
436720 Abruzzo Yes Yes
436721 Abruzzo Yes Yes
436722 Abruzzo Yes Yes
436723 Abruzzo Yes -
436724 Abruzzo Yes Yes
436725 Abruzzo Yes Yes
436726 Abruzzo Yes -
436727 Abruzzo Yes -
436728 Abruzzo Yes -
436729 Abruzzo Yes Yes
436730 Abruzzo Yes -
436731 Abruzzo Yes Yes
436732 Abruzzo Yes -

Note: The sequences showing a mutation in the nucleocapsid region have been highlighted in light gray.
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sequences from 24 December 2019 to 17 January 2020 in China

have been downloaded from GISAID (https://www.gisaid.org/) data-

base. For Chinese isolates, the above time interval has been selected

to rule out sequences from virus isolated from possible return in-

fections, so allowing comparison of Italian sequences with the truly

original Chinese ones. The data set has been aligned using multiple

sequence alignment (MAFFT) online tool5 and manually edited using

Bioedit program v7.0.5.6 Sequence alignments and analyses were

obtained through the Jalview editor7 and structural models have

been built relying on the website I‐Tasser8 and HHPred.9 CUPSAT10

and Dynamut11 online server has been used to estimate the stability

of potential mutations found using the selective pressure analysis.

three‐dimensional structures have been analyzed and displayed using

PyMOL.12

3 | RESULTS

The analysis of the alignment has revealed the presence of

two mutations on spike and nucleocapsid (N) proteins. Regarding the

spike glycoprotein, the transition from an adenosine to guanine oc-

curring on the 1901st nucleotide has led to nonsynonymous muta-

tion from an aspartate to a glycine residue in the 614 amino acidic

position (found in all the Italian isolates). This mutation, which was

first reported in italian isolates by Zehender et al,13 is characteristic

of all the Italian SARS‐CoV‐2 sequences besides those of the nu-

merous viral isolates in Abruzzo.4 Aspartate is a chiral and polar

amino acid which frequently occurs at the N‐termini of alpha helices

while glycine is nonpolar and the only achiral amino acid. This mu-

tation is located on the SD2 region of the RBD‐containing S1 sub-

unit.14 Using the crystallographic three‐dimensional structure of the

S protein, the implications of this mutation has been analyzed using

CUPSAT and Dynamut servers. The results of these analysis have

shown that the mutation from aspartate to glycine reduces the sta-

bility of the protein (ΔΔG [kcal/mol] −1.51) favouring the torsion

potential. The Δ vibrational entropy energy between wild‐type and

mutant spike protein has been calculated to be: ΔΔSVib ENCoM:

0.065 kcal mol−1 K−1 (Figure 1).15

Regarding the nucleocapsid protein, the two contiguous muta-

tions (found in 56% of Italian isolates), from AGG to AAA occurring

on the 649 to 651 nucleotides and GGA to CGA occurring on the

652 to 655 nucleotides both lead to nonsynonymous mutation from

an arginine to a lysine and from glycine to arginine residue in the

203 and 204 amino acidic position, respectively. This latter mutation

is characteristic of the SARS‐CoV‐2 sequences isolated in Abruzzo.

Arginine is a chiral and polar amino acid which frequently occurs at

the N‐termini of alpha helices while lysine is a chiral and polar amino

acid (for glycine, see above). Using the three‐dimensional structure

available on I‐tasser server, the implication of these mutations has

been analyzed by CUPSAT server. The results point out both muta-

tions reduce protein stability while favouring torsion (ΔΔG [kcal/mol]

−1.92 and −2.94 for arginine to lysine and glycine to arginine, re-

spectively).15 The homology modeling analysis performed using

HHpred server has shown structural similarity of the subdomains

22 to 184 and 261 to 378 amino acidic regions of the SARS‐CoV‐2
nucleocapsid with the RNA binding domain of nucleocapsid protein

F IGURE 1 A, A model of spike glycoprotein monomer displaying the amino acids colored according to the vibrational entropy change
upon mutation, red regions are those gaining in flexibility, The amino acidic mutation is blue circled; (B) the top image shows the molecular

interaction between the side chain of the wild‐type amino acid and the side chains of the surrounding amino acid; the bottom image shows the
molecular interaction between the side chain of the mutated amino acid and the side chains of the surrounding amino acid
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of MERS‐CoV and the nucleocapsid oligomerization domain of

SARS‐CoV, respectively. For the sequence 184 to 261 amino acids no

statistically significant homologous model has been found (Figure 2).

4 | DISCUSSION

Italy is the European country that has been first and heavily hit by

SARS‐CoV‐2 epidemic started from China. In fact, recent evidence16

strongly suggests that the virus was circulating unrecognized in

Lombardy since at least mid‐January, while the first official

COVID‐19 Italian case was notified in Codogno (Lombardy) only the

21st of February. This happened when other European countries and

United States were not yet, or minimally, affected. For these reasons,

the Italian isolates of SARS‐CoV‐2 represent an interesting and

useful case for investigating early virus mutations in a comparison

with Chinese isolates.

In this paper, we have examined all available genome sequences

of the virus isolates from different Italian regions, in comparison with

48 Chinese sequences, in an attempt to unveil changes, if any, pro-

specting their potential biological relevance for virus infection and

transmission. While confirming previous ones,4,13,17 we have now

focussed on biostructural features on three nonsynonymous muta-

tions, one on the 614 amino acidic position of S1 region within the

spike S glycoprotein (from an aspartate to a glycine) and two con-

secutive mutations on the N protein (an arginine to a lysine and

glycine to arginine residue in the 203 and 204 amino acidic positions,

respectively. All three mutations, none of which were present in the

Chinese isolates examined, affect biologically relevant, structural

components of the virus and appear to confer enhanced torsional

ability to the encoded proteins.

S1 spike is a major SARS‐CoV‐2 protein allowing, through a de-

fined binding domain (RBD), virus entry into human cells expressing

angiotensin‐converting enzyme 2 (ACE‐2) receptor.18 The RBD en-

gages ACE‐2 receptor through a conformational movement that ex-

poses the relevant binding moieties in a “up” position.14 For this and

the additional reason that many efforts to generate a safe and effi-

cacious COVID‐19 vaccine focus upon the spike component, changes

in its composition and structure are particularly relevant. The S1

mutation in the genome of Italian isolates, first reported by Zehender

et al13 is in a position (AA 614; SD2 region) close to the S1 junction

with the S2 component of the spike protein. The mutation appears to

reduce protein stability through enhancement of torsional flexibility

that, in theory, could favor energetically acquiring the” up” con-

formation of the spike glycoprotein, thus enhancing receptor binding

capacity.

Regarding the mutations affecting N protein (known as LKR in

SARS‐CoV) no structural information is available,19 possibly due to

its high positive charge and flexible nature.20 However, previous

studies suggested some evidence in support of the functional im-

portance of this intrinsically disordered region, in the modulation of a

number of virus properties, including cell signaling.10

Recently, it has been shown that SARS‐CoV‐2 enters cells

through endocytosis after binding of S protein to ACE‐2 receptor and

phosphatidylinositol 3‐phosphate 5‐kinase (PIKfyve), two pore

channel subtype 2 (TPC2), and cathepsin L are critical for this en-

try.21 Nucleocapsid protein was also proposed to be important in

COVID‐19 infectivity.22

In conclusion, we have here focussed on mutations present on

critical structural components of Italian SARS‐CoV‐2 isolates, that

appear to be absent in early Chinese isolates of the virus. These

mutations, in particular the one present in the S1 protein, are here

examined for their potential to affect virus evolution and biopatho-

logical impact on the epidemic. However, our interpretation remains

purely theoretical and should be taken cautiously in the absence of

experimental and clinical investigations addressing the infectious and

transmission capacity of SARS‐CoV‐2 bearing the above mutations.

Definitely, more work is required in this area.
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APPENDIX

While this paper was in advanced preparation for publication, a paper

was posted in BioRxiv, May 5th (see Korber et al, bioRxiv preprint

https://doi.org/10.1101/2020.04.29.069054.) describing the D614G

mutations in European and US SARS‐2‐CoV isolates and discussing its

potential relevance for biopathological aspects of the virus. We declare

that the work described here is the result of an autonomous in-

vestigation, totally independent from that reported by Korber et al

above.
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