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Impact statement

Manaus, the capital of the Amazonas state,
Brazil, is suffering from a second wave of
COVID-19 cases in 2021. As a result, the
continuous monitoring of polymorphisms
in the virus genome is essential to aid in the
development of new vaccines and drugs.
Here we describe three mutations of
SARS-CoV-2 NSP1 detected in Manaus,
Amazonas state, Brazil, and how these
affect the tertiary structure of this protein.
For this, we performed a modeling for this
protein, which made it possible to observe
that the C-terminal region of NSP1 had
been severely affected by two mutations
(delKSF and R29H). The intermediate vari-
able region (residues 144 to 148) leads to
changes in the C-terminal region, particu-
larly in the delKSF structure. Therefore,
future studies are necessary in order to
evaluate the influence of these structural
changes during infection.

Abstract

The coronavirus disease COVID-19 has been the cause of millions of deaths worldwide.
Among the SARS-CoV-2 proteins, the non-structural protein 1 (NSP1) has great importance
during the virus infection process and is present in both alpha and beta-CoVs. Therefore,
monitoring of NSP1 polymorphisms is crucial in order to understand their role during infec-
tion and virus-induced pathogenicity. Herein, we analyzed how mutations detected in the
circulating SARS-CoV-2 in the population of the city of Manaus, Amazonas state, Brazil
could modify the tertiary structure of the NSP1 protein. Three mutations were detected in
the SARS-CoV-2 NSP1 gene: deletion of the amino acids KSF from positions 141 to 143
(delKSF), SARS-CoV-2, lineage B.1.195; and two substitutions, R29H and R43C, SARS-
CoV-2 lineage B.1.1.28 and B.1.1.33, respectively. The delKSF was found in 47 samples,
whereas R29H and R43C were found in two samples, one for each mutation. The NSP1
structures carrying the mutations R43C and R29H on the N-terminal portion (e.g. residues
10 to 127) showed minor backbone divergence compared to the Wuhan model. However,
the NSP1 C-terminal region (residues 145 to 180) was severely affected in the delKSF and
R29H mutants. The intermediate variable region (residues 144 to 148) leads to changes in

the C-terminal region, particularly in the delKSF structure. New investigations must be carried out to analyze how these changes
affect NSP1 activity during the infection. Our results reinforce the need for continuous genomic surveillance of SARS-CoV-2 to
better understand virus evolution and assess the potential impact of the viral mutations on the approved vaccines and future
therapies.
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Introduction

The severe respiratory syndrome caused by coronavirus 2
(SARS-CoV-2) has become a health problem that has
resulted in millions of deaths worldwide. The World
Health Organization reported 107,838,255 COVID-19
cases as of February, 2021, with 2,373,398 confirmed
deaths.! In Brazil, the number of deaths has surpassed
233,520, with the Amazonas state being one of the most
affected states. In December 2020, the Amazonas state suf-
fered a second wave of infections, which caused an unex-
pected increase of COVID-19 hospital admissions in
Manaus (3431 between 1 January and 19 January 2021
vs. 552 between 1 December and 19 December 2020).2
This second wave coincided with the emergence of the var-
iant of concern (VOC) P1, which evolved from a local
B.1.1.28 clade,® and three reinfection cases were confirmed
to be caused by the new variant of concern P.1.*° This has
increased the importance of constant monitoring of SARS-
CoV-2 protein polymorphisms.

Among SARS-CoV-2 proteins, the non-structural pro-
tein 1 (NSP1) has great importance during the virus infec-
tion process and is present in both alpha and beta-CoVs.
In SARS-CoV-2, this protein has 180 amino acids and a
molecular mass of 19,775.31Da, and is predicted as a
stable molecule (28.83 instability index) with an average
life of 30 h inside the cellular environment.® NSP1 induces
a reduction in the translation of the host cell's RNA by
binding its C-terminal region to the ribosome’s smaller
subunit. This binding is interrupted when the conserved
5'UTR region of the viral RNA interacts with the N-ter-
minal region of NSP1, thus allowing the translation of the
viral mRNA, through a mechanism which still not yet
wholly understood,” and inhibiting the type I interferon
response.®

These previous observations support that NSP1 plays an
essential role in viral infection. Therefore, NSP1 is currently
one of the targets for new antiviral drugs.”'® Accordingly, it
is crucial to monitor NSP1 polymorphisms in order to
understand their role during infection and virus-induced
pathogenicity.

Shen et al. ' observed that the NSP1 of Sars-CoV-2 has a
greater inhibitory activity of host protein synthesis than
Sars-CoV-1. They report that mutations in H165 and K164
of NSP1 interfere in this function and in the capacity of
inhibiting the immune response pathways of the infected
subject. Loureiro et al.'? also reported deletions in amino
acids at the positions 83 to 85 which are capable to affect
NSP1 structure and folding.

Therefore, this work aimed to analyze how mutations
detected in the circulating SARS-CoV-2 detected Manaus,
Amazonas state, Brazil, could modify the tertiary structure
of the NSP1, by performing a modeling of this protein.

Materials and methods

Samples were collected in Manaus, Amazonas state,
between March and October of 2020. All samples were
sequenced following the protocol described by
Nascimento et al.'® with simple modifications. The samples
were amplified with Platinum SuperFi II Green PCR master
mix, visualized on agarose gel electrophoresis and precip-
itated with PEG 8000. The amplicons were quantified by
fluorimetry, and those belonging to the same sample were
normalized and pooled. Next-generation sequencing
libraries were constructed using the NexteraXT DNA
prep kit and sequenced with the MiSeq reagent kit v2
(500 cycles). Nucleotide sequencing was accomplished
using the MiSeq Illumina sequencer installed at Fiocruz
Amazonia. Raw data were converted using the Illumina
pipeline at BaseSpace; trimmed for quality using BBDuk
and assembled with BBMap embedded in Geneious
v10.2.6, using the sequence YP_009742608.1as the reference.
Alignment was performed using Clustal omega
(EMBL-EBI).

Before modeling, using BLAST'* a search was made for
templates structures contained in the Protein Data Bank
(PDB) (http:/ /www.pdb.org) with the similarity between
the NSP1 sequence of SARS-CoV-2 isolated from Wuhan
(GenBank RefSeq NC_045512.2). The selected templates
were subjected to homology modeling with the Modeller
9.25."° After modeling the NSP1 of SARS-CoV-2 from
Wuhan, the mutations found by our group were applied.
Each new structure was modeled separately, generating
1000 models in Modeller 9.25. The best model selected is
the one with the lowest score in the DOPE (Discrete opti-
mized protein energy) calculation function of Modeller
9.25. The RMSD calculations were performed on the
Swiss-PDBViewer v4.1'® and the analysis of the location
of the mutations and image production was performed
on the UCSF Chimera."”

The SARS-CoV-2 NSP1 structure (PDB identification
code: 7K7P), the rabbit 40S ribosome complex (7JQB),"**
and the Drosophila melanogaster 80S ribosome® (4V6W)
were used as templates (Figure 1). After this initial model-
ing, fragment 3 (regions 128 to 144) was subjected to a loop
refinement in the Modeller software’s advanced routine.
This final approach was necessary since this region
showed the least similarity with the templates. The quality
of all final models was assessed using the Procheck soft-
ware.”" All structures presented structural quality with
more than 90% of amino acids in favorable regions. None
of the amino acids were in the prohibited region.

Results and discussion

Forty-nine samples were sequenced for SARS-CoV-2 NSP1
gene: 47 samples contained a deletion of the amino acids
KSF from positions 141 to 143 (delKSF), SARS-CoV-2
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Figure 1. Template structures were used to model the NSP1 structure of SARS-CoV-
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2 (sequence NC_045512.2). The 7K7P, 4V6W, and 7JQB templates were used in

portions 10-127, 128-144, and 145-180, respectively. The percentage of local similarity in each region is indicated in parentheses. After modeling, the mutations R29H
(magenta), R43C (green), and the KSF deletion (cyan) were applied and subjected to remodeling in Modeller 9.25. (A color version of this figure is available in the online

journal.)

delKSF MESLVPGFNEX THVQL SLPVLQVRDVLVRGF GDSVEEVL SEARQHLKDGTCGLVEVEKGY 60
R43C MESLVPGFNEXTHVQLSL PVLQVRDVLVRGF GDSVEEVLSEACQHLKDGTCGLVEVEKGY 60
YP_0089742608.1 MESLVPGFNEXTHVQLSLPVLQVRDVLVRGF GDSVEEVL SEARQHLKDGTCGLVEVEKGY 60
R29H MESLVPGFNEXTHVQL SLPVLQVRDVLVHGF GDSVEEVL SEARQHLKDGTCGLVEVEKGY 60
EXEEXXTEEENEXXIEE X T TREES ~ EXXXXXXTXXXRE BEXEEXTXZTEETETER
delKSF LPQLEQPYVFIKRSDARTAPHGHVMVEL VAEL EGTQYGRSGETLGVLVPHVGETPVAYRK 120
R43C LPQLEQPYVF IKRSDARTAPHGHVMVELVAEL EGIQYGRSGETLGVLVPHVGETPVAYRK 120
YP_009742608.1 LPQLEQPYVFIKRSDARTAPHGHVMVEL VAEL EGIQYGRSGETLGVLVPHVGETIPVAYRK 120
R29H LPQLEQPYVF IKRSDARTAPHGHVMVELVAEL EGIQYGRSGETLGVLVPHVGETIPVAYRK 120
EXEXXXTXEXXXIXXXAELEXLETXILEEETEXEXEXEIXTEEERNEXNIEEETXXXEITRERTER
delKSF VLLRKNGNKGAGGHSYGADL - - - DLGDELGTDPYEDFQENINTKHSSGVTRELMRELNGG 177
R43C VLLRKNGNKGAGGHSYGADL KSFDLGDELGTDPYEDFQEMINTKHSSGVTRELMRELNGG 180
YP_009742608.1 VLLRKNGNKGAGGHSYGADL KSFDLGDELGTDPYEDFQEMINTKHSSGVTRELMRELNGG 180
R29H VLLRKNGNKGAGGHSYGADL KSFDLGDELGTDPYEDFQEMINTKHSSGVTRELMRELNGG 180

E¥XEXXXXTXETEXXXXXITEEX

EXXETXETXEXXTIXETZZIXLXITXREILEEXTXEITERERES

Figure 2. Alignment of SARS-CoV-2 NSP1 (ORF1ab) from Wuhan (YP_009742608.1) and three isolates from Manaus: 1. R29H; 2. R43C; and 3. delKSF. Colors
highlight amino acids. (A color version of this figure is available in the online journal.)

lineage B.1.195; and one sample presented a substitution
of R29H, SARS-CoV-2 lineage B.1.1.28; and one sample
presented a substitution of R43C, SARS-CoV-2 lineage
B.1.1.33. An alignment of the sample sequences is shown
in Figure 2.

The NSP1 structures carrying the mutations R43C and
R29H on the N-terminal portion (e.g. residues 10 to 127)
showed minor backbone divergence when compared to the
RefSeq model. Thus, our results are in accordance with
Clark et al.'® and Semper et al.*> who analyzed the structure
of SARS-CoV-2 NSP1 (10-126aa) and reported that the ter-
tiary structure of NSP1 is composed of regular secondary

structural elements that are arranged sequentially as ff1-y1-
o1-p2-#3-p3-p4-$5-p6-7, with #1 and 52 being 310 helices.

The NSP1 C-terminal region (residues 145 to 180) was
severely affected in the delKSF and R29C mutants. The
intermediate variable region (residues 144 to 148) led to
changes in the C-terminal region, particularly in the
delKSF structure (Figure 3). The RMSD (root mean square
deviation) between the three complete structures and the
RefSeq strain presented the following results: RefSeq:
delKSF, 7.63A; RefSeq:R43C, 1.18A; and RefSeq:R29H,
4.66 A. Since loops may play critical roles in protein-
protein interactions,” these mutations may be interfering
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Figure 3. Overlapping of the four NSP1 modeled structures of SARS-CoV-2. In red, the structure of the reference sequence (NC_045512.2). In magenta, the structure
with an arginine mutation at position 29 by a histidine (R29H). In green, the structure with an arginine mutation at position 43 by a cysteine (R43C). In cyan, the structure
with the deletion of three amino acids: lysine 141, serine 142, and phenylalanine 143 (delKSF). (A color version of this figure is available in the online journal.)
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Figure 4. Alignment and overlap between the NSP1 structures of SARS-CoV (yellow) and SARS-CoV2 (red). In the alignment, divergences were indicated with an “x”
between the two sequences. Above and below the two sequences, the positions of the secondary structures were shown. “H” indicates the alfa-helix and “S” the beta-
sheet. The alignment of the 10-127 portion was positioned above the structures, and the 128-180 portion below. (A color version of this figure is available in the online

journal.)

with NSP1-ribosome interaction by a process that has not
yet been elucidated. Shi et al.** observed that the elongation
of the linking region between the N-terminal and the
C-terminal portion of NSP1 progressively reduces the abil-
ity of the 5UTR of the viral RNA to escape inhibition.
Therefore, the linker’s size reduction in the delKSF variant
may contribute positively to the unblocking of the NSP1 C-
terminal portion of the ribosome after binding the 5'UTR of
viral RNA. Benedetti et al.> suggest that KSF deletion could

affect the structure of the C-terminal region of the protein,
which is essential for regulating viral replication and shut-
ting down the host’s gene expression. These mutations sug-
gest that the virus is undergoing an evolutionary process
that is decreasing its pathogenicity, since they were found,
in the vast majority, in asymptomatic individuals. *
Semper et al.*? also reported a homology-based model of
the full-length NSP1 protein using PSIPRED and
DISPRRED3. Their model presented a similar structure to
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that obtained in the present study, i.e. composed of the
capped f-barrel motif, a disordered linker, and the C-ter-
minal helix-turn-helix. They also suggest that the C-termi-
nal domain is highly dynamic and capable of multiple
configurations due to this disordered linker. Perhaps, this
condition contributes to the NSP1 C-terminal binding to the
riboszoéme mRNA entry tunnel, as observed by Thoms
et al.

The SARS-CoV NSP1 (10-180aa) was also modeled,
despite lacking a complete template. We used the follow-
ing two PDB files: 2GDT, an NMR structure of the SARS-
CoV-1 NSP1¥ and 7JQB, the SARS-CoV-2 NSPI, in a
complex with the rabbit 40S ribosome.'* The root mean
square deviation (RMSD) between the SARS-CoV-2
RefSeq NSP1 structure and SARS-CoV-1 NSP1 modeled
in this study was 6.49 A. The alignment and overlapping
between SARS-CoV-1 and SARS-CoV-2 NSP1 revealed
considerable conservation in the N-terminal region (10
to 127 residues) (Figure 4). There is an a-helix (V23,
R24, and D25 residues) and one f-sheet strand (197, Q98
and Y99 residues) in SARS-CoV-2 that is not found in
SARS-CoV-1. On the other hand, the Y99, G100, and
R101 residues are present in SARS-CoV-1 and absent in
SARS-CoV-2. Other changes in the o-helix and f-sheet
strands extension were also observed. These characteris-
tics were also observed by Kucirka et al.*® and Semper
et al”?* who both described that the fold of SARS-CoV-2
NSP1 is generally well conserved when compared to the
previously solved structure of NSP1 from SARS-CoV-1,
with the following differences: the presence of an addi-
tional 310 helix (1) in the SARS-CoV-2 structure (resi-
dues 23 to 25), extension of f-strands within the interior
of the protein, and the alternative conformations of two
major loops located between f3 and f4 (loop 1) and
between 4 and f6 (loop 2, 4, and 5 in SARS-CoV-1),
resulting in differences in the electrostatic surface
potential.

In conclusion, we present herein a modeling for SARS-
CoV-1 and 2 NSP1 and the analysis of new variants found
in Manaus, a Brazilian city that has been severely affected
by COVID-19. As observed by Wathelet et al.,* deletions or
mutations in SARS-CoV-1 NSP1 could result in attenuation
in infection models and restore the innate immune
response in infected cells. Therefore, more studies must
be done aiming to understand the correlation between the
evolution of the disease in infected patients and the pres-
ence of these variants to provide evidence of how the vir-
ulence and transmissibility of these strains are affected by
such polymorphisms. The genomic surveillance of SARS-
CoV-2 is still necessary in order to more fully understand
the virus’ evolution and evaluate the potential impact of
any viral mutations, such as those addressed in this
study, in regards to the approved vaccines.
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