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Abstract: Background: Nucleopeptides are chimeric compounds of biomedical importance car-
rying DNA nucleobases anchored to peptide backbones with the ascertained capacity to bind nu-
cleic acids. However, their ability to interact with proteins involved in pathologies of social rele-
vance is a feature that still requires investigation. The worrying situation currently observed
worldwide for the COVID-19 pandemic urgently requires the research on novel anti-SARS--
CoV-2 molecular weapons, whose discovery can be aided by in silico predictive studies.

Objective: The aim of this work is to explore by spectroscopic methods novel features of a
thymine-bearing nucleopeptide based on L-diaminopropanoic acid, including conformational as-
pects as well as its ability to bind proteins, starting from bovine serum albumin (BSA) as a mod-
el protein. Moreover, in consideration of the importance of targeting viral proteins in the current
fight against COVID-19, we evaluated in silico the interaction of the nucleopeptide with some
of the most relevant coronavirus protein targets.

Methods: First, we investigated via circular dichroism (CD) the conformational behaviour of
ARTICLE HISTORY this thymine-bearing nucleopeptide with temperature: we observed CD spectral changes, particu-
larly passing from 15 to 35 °C. Scanning Electron Microscopy (SEM) analysis of the nucleopep-
tide was also conducted on nucleopeptide solid samples. Additionally, CD binding and prelimi-
nary in silico investigations were performed with BSA as a model protein. Moreover, molecular
dockings were run using as targets some of the main SARS-CoV-2 proteins.
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Results: The temperature-dependent CD behaviour reflected the three-dimensional rearrange-

ment of the nucleopeptide at different temperatures, with higher exposure to the solvent of its
chromophores at higher temperatures compared to a more stacked structure at a low tempera-
ture. SEM analysis of nucleopeptide samples in the solid-state showed a granular morphology,
with a low roughness and some thread structures. Moreover, we found through spectroscopic
studies that the modified peptide bound the albumin target by inducing significant changes to
the protein secondary structure.

Conclusion: CD and preliminary in silico studies suggested that the nucleopeptide bound the
BSA protein with high affinity according to different binding modes, as testified by binding en-
ergy scores lower than -11 kcal/mol. Interestingly, a predictive study performed on 3CL™ and
other SARS-CoV-2 protein targets suggested the potential ability of the nucleopeptide to bind
with good affinity the main protease of the virus and other relevant targets, including the RNA-
dependent RNA polymerase, especially when complexed with RNA, the papain-like protease,
and the coronavirus helicase at the nucleic acid binding site.
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1. INTRODUCTION

Nucleopeptides are both synthetic and natural
molecules composed of nucleobases inserted on a pep-
tide backbone. Among the DNA analogues, nucleopep-
tides constitute a family of chimeric compounds with
interesting features deriving from their experimentally
ascertained ability to bind complementary DNA and
RNA sequences permeating cellular membranes [1-6],
as well as from their capacity to form supramolecular
networks [7]. In this regard, structures containing sin-
gle nucleobases are also interesting, such as synthetic
nucleoside analogues [8-13], nucleoamino acids [14,
15] and peptidyl nucleosides [16-18], some of which
were shown to act as building blocks for supramolecu-
lar networks of potential biomedical relevance [19-22].
Additionally, the incorporation of single nucle-
obase-bearing amino acid units into polyamino acid
chains can stabilize peptide and protein structures, lead-
ing to enhancement of their function [23, 24]. More-
over, in sero-stable mononucleobase-bearing dipep-
tides were able to interact with serum albumins [19],
whilst a single thymine-functionalized peptide bound
the reverse transcriptase (RT) of Human Immunodefi-
ciency Virus (HIV), inhibiting its activity [25]. Howev-
er, the ability of nucleopeptides to interact with pro-
teins has not yet been explored in detail, with only a
few examples reported in the literature such as evi-
dence of binding to the Moloney murine leukemia
virus (MMLV) RT by nucleobase-bearing peptides
[26].

Here, we investigated the ability of a nucleopeptide
based on L-diaminopropanoic acid (here below simply
indicated as nucleopeptide), previously described by us
as a DNA and RNA binder [27], to interact with pro-
teins, using bovine serum albumin (BSA) as a model
system. We used circular dichroism (CD) spectroscopy
to show changes in the secondary structure of proteins
and peptides caused by ligand binding [28]. To give
more detailed information on the nature of the result-
ing complex, we also performed in silico studies. In
fact, in silico molecular docking has recently emerged
as a fundamental tool to predict the precise docking
site of ligands onto protein/peptide complexes and
other relevant properties. Among the many applica-
tions of in silico modelling, several recent literature ex-
amples report on its utility in determining the structure
of molecular scaffolds, their plasmonic properties, and
functional aspects such as antibacterial properties
[29-31]

Finally, a preliminary docking study was also per-
formed on the interaction of the nucleopeptide with
several proteins essential for SARS-CoV-2, the virus
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at the origin of the current pandemic COVID-19
[32-34]. The COVID-19-related targets in our investi-
gation included the main protease 3CL"™, the papain-
like protease [35, 36], the coronavirus helicase [37]
and the RNA-dependent RNA polymerase (RdRp)
[38]. The molecular modelling analysis on the RdRp
target was performed in the absence or presence of
RNA, taking into consideration the intrinsic ability of
the nucleopeptide to bind RNA molecules.

2. EXPERIMENTAL SECTION

2.1. Chemicals

The nucleopeptide (hexathymine dodecadiamino-
propanoic acid) was obtained by solid-phase peptide
synthesis [39, 40], as previously described by us [27].
All solvents, buffers and chemicals were purchased by
Sigma Aldrich. PBS (phosphate buffer saline) was as
follows: 137 mM NaCl, 2.7 mM KCIl, 10 mM
Na,HPO,, 1.8 mM KH,PO,.

2.2. CD Experiments

CD spectra were obtained on a Jasco J-715 spec-
tropolarimeter coupled to a PTC-348WI temperature
control system, using Hellma quartz cells with path
length of 2 x 0.4375 c¢m (tandem cell) or 1 cm, and the
following parameters: response of 1 s, scanning speed
of 100 nm/min and bandwidth of 2.0 nm. All the spec-
tra were averaged over three scans.

The temperature-dependent CD study on unbound
nucleopeptide (8 uM in 10 mM phosphate buffer, pH
7.5) was performed in the 15-95 °C temperature range
using the 1-cm cell (3 mL overall volume).

The CD-binding experiment was conducted, analo-
gously to previous works [2, 14, 26, 41-49], in the tan-
dem cell, using a 0.1 uM concentration of BSA in PBS
(2 mL overall volume, pH 7.5) and 6.4 nmol of nucle-
opeptide ligand, at 5 °C.

Secondary structure percentages of BSA, free and
complexed to the nucleopeptide, were determined by
Bestsel [50] (http://bestsel.elte.hu/) and K2D2 [51]
(http://cbdm-01.zdv.uni-mainz.de/~andrade/k2d2/) de-
convolution programs using the spectra obtained in the
CD-binding experiment.

2.3. Scanning Electron Microscopy (SEM) Analysis

Samples for microscopic observations were ob-
tained using the compound in solution. After slow sol-
vent evaporation, the sample containing the nucleopep-
tide was coated with a conductive layer of Au-Pd and
examined in a Nova NanoSem 450 FEI SEM at 2.00
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Fig. (1). a. Overlapped CD spectra of an 8 pM nucleopeptide solution in 10 mM phosphate buffer, pH 7.5, at 15 (black), 35
(red), 55 (blue), 75 (magenta), and 95 (cyan) °C; b. 3D structure representation of the nucleopeptide as obtained by energy min-
imization with ICM 2D to 3D software (https://www.molsoft.com/2dto3d.html). (4 higher resolution / colour version of this

figure is available in the electronic copy of the article).

and 3.00 kV in high vacuum mode, in analogy to previ-
ous works [44, 52-54].

2.4. SwissDock Protein Docking Experiments

Target protein structures were obtained from the
Protein Data Bank (PDB) [55]. Positively charged li-
gand structure edited in 'ChemDraw and suitably pre-
pared was converted to MOL2 file with Pasilla convert-
er
(http://pasilla.health.unm.edu/tomcat/biocomp/convert)
and used for the subsequent studies. Dockings of the
nucleopeptide to BSA (PDB: ID 4£5S, chain A) and to
unliganded 3CL"™ (PDB: ID 6y84) were performed by
SwissDock, server based on the docking software EA-
Dock DSS [56]. Docking experiments were obtained
after 250 consecutive runs. The most energetically
favourable binding modes, evaluated by the Fast Ana-
lytical Continuum Treatment of Solvation (FACTS)
method [57], were clustered. Clusters were then ranked
according to the full fitness scores. Docking results
were visualized in the UCSF Chimera package [58].

2.5. Multiple COVID-19 Protein Docking Experi-
ments

Computational studies on the possible interaction
of the nucleopeptide with different SARS-CoV-2 pro-
tein targets were achieved by the COVID-19 Docking
Server, a user-friendly platform realized by Kong et al.
for docking small molecules, peptides and antibodies
against COVID-19-related targets by implement of
Autodock Vina and CoDockPP as docking engines
[59-63]. We selected in the COVID-19 Docking Serv-
er (for ligand preparation, PDB IDs and description
of protein targets, scoring and docking procedures
see https://ncov.schanglab.org.cn/) as ‘Computational

Type’: 1-molecule Docking, and as coronavirus pro-
tein targets the following: ‘Main protease; Papain-like
protease; Nsp3 (207-379, AMP-binding site); Nsp3
(207-379, MES-binding site); RdRp (RTP-binding
site); RdARp (RNA-binding site); Helicase (ADP-bind-
ing site); Helicase (NCB site); Nsp14 (ExoN); Nsp14
(N7-MTase); Nspl5 (endoribonuclease); Nspl6 (G-
TA-binding site); Nspl16 (MGP-binding site); Nspl6
(SAM-binding site); N protein (NCB-binding site)’. Af-
ter multiple docking runs, the server provided the pose
views for the different binding modes, and the corre-
sponding binding energy (score value, kcal/mol) and
scoring function (RF-Score, pKd) values. RdRp-nucle-
opeptide complexes in the presence or absence of
RNA were visualized in the COVID-19 Docking Serv-
er (https://ncov.schanglab.org.cn/). Listed values of
score values and RF score values for the top 10 poses
for RdRp/nucleopeptide and RdRp+RNA/nucleopep-
tide in Table S6 were obtained as the output of the
docking experiments performed by the COVID-19
Docking Server.

3. RESULTS AND DISCUSSION

3.1. Investigation of Nucleopeptide Conformation at
Different Temperatures

First, we studied the spectroscopic behaviour of the
nucleopeptide in the aqueous buffer by CD, heating the
solution up to 95°C and recording CD spectra at regu-
lar temperature intervals (Fig. 1A).

A dramatic change of the CD profile passing from
15 to 35 °C was revealed. In particular, both the posi-
tive band at 254 nm and the negative one at 273 nm,
observed in the spectrum at 15 °C (black line), disap-
peared (Fig. 1A, up). This suggested that the nucle-
opeptide was able to adopt different conformations at
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Fig. (2). SEM micrographs of the nucleopeptide at 100000x, 1um. (4 higher resolution/colour version of this figure is avail-

able in the electronic copy of the article).

different temperatures with a higher degree of structura-
tion at lower temperatures. UV-absorbance monitoring
upon increasing the temperature (Fig. 1A, bottom) also
confirmed the CD behaviour: a hyperchromic effect of
the aromatic band at 264 nm was, in fact, observed go-
ing from 15 to 35 °C, suggesting a more stacked situa-
tion at lower temperatures, with a substantial stabiliza-
tion at 55 °C.

To obtain a picture of the three-dimensional struc-
ture of the nucleopeptide and tentatively to explain the
stacked conformation of the molecule at the low tem-
perature suggested by the CD and UV thermal trend,
we performed in silico 3D structure prediction using
ICM 2D to 3D converter (Molsoft, LLC) obtaining the
energy-minimized structure reported in Fig. (1B). It
was evident that the nucleopeptide at its lowest energy
state tended to adopt a conformation in which it was at
least partially compact. This could explain the lower
UV absorbance at low temperatures because of the spa-
tial proximity of stacking thymine rings, evidently lost
during the heating process.

3.2. SEM Analysis

The morphology of a nucleopeptide sample was al-
so investigated in the solid phase by SEM. Imaging of
dried nucleopeptide (droplet from a 400 uM solution
in H,0) led to the SEM micrographs shown in (Fig. 2).

The surface morphology of the sample appears
granular, with low roughness and some thread struc-
tures (Fig. 2a). In fact, several dense and long thread
structures of ~20 nm thickness were clearly detected
(Fig. 2b). Interestingly, this morphology is similar to
those already described in the literature for other pep-
tide/nucleopeptide derivatives observed by SEM mi-
croscopy [64].

3.3. Nucleopeptide-protein CD Binding Studies

With the aim of exploring the ability of the nucle-
opeptide to interact with proteins, we performed a CD
experiment by using a tandem cell. First, we recorded
the CD spectrum of BSA and nucleopeptide, contained
as separated solutions in the two compartments of the
cell, as a single sum spectrum: it resulted in a spectrum
almost identical to that of the protein alone (Fig. 3,
black line) since the nucleopeptide did not show a sig-
nificant contribution to the CD signal at the concentra-
tion used. Then, after mixing of the solutions obtained
by manual rotation of the quartz cell, the resulting spec-
trum (Fig. 3, red line) showed some differences with re-
spect to the sum spectrum: i.e. the CD profile of the
protein changed after ligand mixing.
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Fig. (3). Overlapped CD spectra of BSA (0.1 uM) - nucle-
opeptide (3.2 uM) in PBS recorded as separated (sum spec-
trum, black line) or mixed solutions (red) in the tandem
cell. (4 higher resolution/colour version of this figure is
available in the electronic copy of the article).
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In this way, we demonstrated that the nucleopep-
tide was able to bind a protein, in particular the BSA,
inducing variation of its secondary structure. Further-
more, by CD spectra deconvolution, realised by two de-
convolution programs [50, 51] we could conclude that
the nucleopeptide provoked a decrease in a-helix con-
tent higher than 10% and an increase in the -sheet de-
gree (Table 1).

Table 1. Variations in a-helix and p-sheet secondary
structure percentages for BSA and BSA/nucleopeptide
complex as determined by deconvolution of CD spectra
with Bestsel (A) and K2D2 (B) methods.

A(%comp]ex_%BSA)
- A B
a-helix -14.0% -11.0%
B-sheet +14.1% +4.2%
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3.4. Molecular Docking

The interaction with BSA was also investigated by
preliminary in silico studies. In fact, we docked the nu-
cleopeptide ligand to the helix-rich [65] BSA structure
(PDB: ID 4f5s [66]) and selected the poses with the
best full fitness scores (Table S1). As shown in Fig. (4)
(up), the nucleopeptide has two main docking clusters,
all corresponding to energy scores lower than -11 kcal/-
mol (Table S1) and reflecting the binding to helical re-
gions of the BSA chain A (Fig. 4, up), as revealed by
UCSF Chimera (data not shown), according to the CD
evidence on alteration of the helical protein content up-
on ligand recognition Fig. (3) (Table 1). Thus, this nu-
cleopeptide, besides interacting with complementary
DNA and RNA as we previously found [27], can also
bind proteins forming complexes endowed with high
affinity, as we showed here in vitro by CD experi-
ments and in silico by docking studies (Figs. 4 and
S1).

cluster 0 rank 0: -8.06

cluster 1 rank 0, -7.75

Fig. (4). SwissDock pose views of clusters 0 and 1 (ranks n. 0, with binding energy scores in kcal/mol) for the predicted com-
plexes formed between BSA (up) and 3CL" (bottom) with the nucleopeptide. (4 higher resolution / colour version of this fig-

ure is available in the electronic copy of the article).
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Since BSA was essentially a model protein and not
a biomedical target, we also decided to study the poten-
tial for the nucleopeptide to target proteins of therapeu-
tic importance, and with this aim, we docked it to the
unliganded SARS-CoV-2 3CL"™ (PDB: ID 6y84 [67]).
The results obtained by SwissDock software [68, 69]
are shown in Table S1. For the top-ranked docked con-
formation (belonging to cluster 0) a full fitness score
of -923.78 kcal/mol and a AG of -8.06 kcal/mol were
estimated. Similar scores were found for the top-
ranked pose from cluster 1 (Table S2). Both AG ener-
gy and full fitness scores were comparable to those pre-
viously reported in the literature for the conjugate nos-
capine-hydroxychloroquine (Nos-Hecq), based on
which the authors predicted for Nos-Hcq a high M**-
binding potential and effectiveness as therapeutic for
SARS-CoV-2 [70]. As can be observed from Fig. (4.
bottom), our prediction suggested that the nucleopep-
tide-3CL" interaction involved a B-sheet-rich region
of the protease (domains I and IT) which was reported
to contain the main 3CL" binding site [71]. Interesting-
ly, in our predictions of the top-ranked poses, protona-
tion of the ligand did not enhance its affinity for both
protein targets (Tables S2-S5), suggesting that electro-
static interactions could not be determinant in the over-
all nucleopeptide-enzyme binding.

3.5. Evaluation of the Nucleopeptide as a Potential
Anti-SARS-CoV-2 Drug

Due to the emerging role of machine learning (ML)
and artificial intelligence (Al) as a potential aid for the
understanding of nano-bio interactions in biomedical
strategies, ML tools and ab initio simulations were re-
cently adopted to improve the reproducibility of thera-
peutic data for robust quantitative comparisons and to
facilitate in silico modelling and meta-analyses, lead-
ing to a substantial contribution to safe-by-design de-
velopment in anti-viral/anti-microbial drug targets de-
termination [72]. Physiologically based pharmacokinet-
ic (PBPK) modelling and absorption, distribution,
metabolism, and excretion (ADME)-based in silico
methods along with drug dosimetry models are mainly
employed in therapeutics/anti-infection compound de-
velopment [73]. Conscious of the potential of in silico
modelling in biomedicine, as well of the urgent need
for anti-SARS-CoV-2 treatments [34, 74], we decided
to conduct a more specific and detailed investigation
of the anti-coronavirus potential of the nucleopeptide
using the COVID-19 Docking Server [75], a web plat-
form for docking small molecules, peptides or anti-
bodies to COVID-19 protein targets. The main results
of this study are reported in Table 2. Interestingly, the
nucleopeptide showed a high (or very high) affinity for
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the selected COVID-19 protein targets with binding en-
ergies ranging from -7.70 to -15.10 kcal/mol and RF
scores varying between 6.50 and 7.93.

Table 2. COVID-19 Docking Server analysis of nucle-
opeptide anti-SARS-CoV-2 potential. Relevant protein
targets, scoring function (RF-Score, pKd) and binding en-
ergy (score value, kcal/mol) values are reported.

Receptor from COVID-19 RF-Score |Score value
Docking Server (pKd) (Kcal/mol)
COVID-19 main protease (3CL™) 6.51 -1.70
Papain-like protease 6.75 -11.50
Nsp3 (207-379, AMP site) 7.21 -10.80
Nsp3 (207-379, MES site) 6.69 -8.80
RdRp (RNA site, with RNA) 6.79 -12.00
RdRp (RNA site, without RNA) 6.93 -11.10
Helicase (ADP site) 6.83 -8.90
Helicase (NCB site) 6.67 -15.10
Nspl14 (ExoN) 6.68 -8.90
Nspl14 (N7-MTase) 6.76 -10.60
Nsp15 (endoribonuclease) 6.50 -8.90
Nspl6 (GTA site) 6.62 -8.00
Nspl6 (MGP site) 6.64 -9.00
Nspl6 (SAM site) 6.86 -7.90

N protein (NCB site) 7.93 -12.90

The binding energy predicted for the nucleopep-
tide-3CL"™ complex (-7.70 kcal/mol) was similar to the
value (-8.06 kcal/mol) provided by SwissDock for the
top-ranked pose (Table S1), and the structure of the
complex (Fig. S2) largely resembled those shown in
(Fig. 4, bottom). Based on the predicted score values,
the highest affinity was predicted for the Helicase
(NCB site) of SARS-CoV-2, while other very high
scores were found for N protein (NCB site), RdRp (R-
NA site), Papain-like protease and Nsp14 (N7-MTase).
The tight nucleopeptide-RdRp binding predicted by
the COVID-19 Docking Server particularly attracted
our attention for the importance of RdRp inhibitors in
the fight against SARS-CoV-2. In fact, the only FDA-
approved drug for COVID-19 available to date, i.e.
Remdesivir [76], is a RdRp binding substrate believed
to inhibit this crucial SARS-CoV-2 enzyme.

An even higher score for RdARp was revealed when
the polymerase was complexed with RNA, with re-
spect to the same target lacking the ribonucleic acid. In
the former case, the nucleopeptide binds in a slightly
different manner the target being closer to the RNA
present in the complex, as can be observed from the
predictive structure analysis in Fig. (S2). To find an ex-
planation for the more favourable energy score for the
complex with RNA, we examined in more detail the
complexes formed by the nucleopeptide with the viral
RNA polymerase, as visualized in the structure viewer
of the COVID-19 Docking Server (Fig. 5).
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Fig. (5). Top ranked pose (Top 1) views of nucleopeptide-RdRp (left) and nucleopeptide-RdRp+RNA (right) complexes pre-
dicted by COVID-19 Docking Server. (4 higher resolution / colour version of this figure is available in the electronic copy of

the article).

We found that the nucleopeptide in complex with
RdARp+RNA had more contacts compared to the com-
plex with RdRp without RNA substrate, involving in
the overall binding process the interaction of the nucle-
opeptide with the RNA molecule itself as shown by an-
alyzing the top-ranked complex with UCSF Chimera
that revealed multiple interactions between the ligand
and the RNA (data not shown). On the other hand, ac-
cording to the score values nucleopeptide binding
affinity for the protein in the presence of RNA is high-
er not only in case of the top-ranked poses (Fig. 5) but
also considering the other poses ranging from 1-6
(Table S6).

CONCLUSION

Our studies provided new insights on a nucleopep-
tide based on L-diaminopropanoic acid. This molecule,
whose morphology in the solid phase was studied by
SEM, was able to adopt different conformations, pass-
ing from a more to a less stacked structure upon heat-
ing, as revealed by spectroscopy. Moreover, the pro-
tein binding ability of the nucleopeptide was demons-
trated by CD, revealing for BSA a perturbation effect
on the protein helical structure caused by the ligand.
SwissDock docking studies indicated a predicted bind-
ing energy of about -12 kcal/mol for the complex
BSA-nucleopeptide and showed interactions of the nu-
cleopeptide with BSA helical regions in line with the
CD data. A SwissDock docking of the nucleopeptide
to the SARS-CoV-2 main protease 3CL™ showed a
good binding affinity and prompted us to investigate in
more detail the potential for the nucleopeptide to target
COVID-19 proteins. In this regard, a multiple docking
experiment conducted with the COVID-19 Docking
Server indicated the possible role of the nucleopeptide

as binder of several relevant COVID-19 protein targets
and thus, as a potential drug active against SARS-CoV-
-2. High affinities were predicted for the nucleopeptide
interaction with the coronavirus papain-like protease,
with the helicase at the ribonucleotide-binding site and
with the RNA-dependent RNA polymerase (RdRp). In
the latter case, the complex nucleopeptide-RdRp was
endowed with higher score values when the RNA subs-
trate was embedded in the protein structure, suggesting
the propensity of the nucleopeptide to interact with
RNA structures even when in complex with proteins.
Overall, this study furnishes novel descriptive ele-
ments of the nature of the nucleopeptide and provides
precious information on the possibility to direct nucle-
obase-containing peptide drugs against protein targets,
including those involved in current socially-relevant
diseases.

LIST OF ABBREVIATIONS

ADME = Absorption, Distribution,
Metabolism, and Excretion

ADP = Adenosine DiPhosphate

Al = Artificial Intelligence

AMP = Adenosine MonoPhosphate

BSA = Bovine Serum Albumin

CD = Circular Dichroism

3CL™ = Chymotrypsin-like protease

COVID-19 = COronaVlrus Disease 19

DNA = DeoxyriboNucleic Acid

ExoN = N-terminal ExoriboNuclease
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GTA = P1-7-methylGuanosine-P3-
Adenosine-5',5'-Triphosphate

HIV = Human Immunodeficiency Virus

MES = 2-(N-Morpholino)-EthaneSulfonic
acid

MGP = 7-Methyl-Guanosine- 5'-
triPhosphate

ML = Machine Learning

MMLV = Moloney Murine Leukemia Virus

NCB = riboNucleotide-Binding

N7-MTase = guanine-N7 methyl transferase

N protein = Nucleocapsid protein

NSP = NonStructural Protein

PBPK = Physiologically based
pharmacokinetic

PBS = Phosphate Buffer Saline

PL™ = Papain-Like Protease

RdRp = RNA-dependent RNA
Polymerase

RNA = RiboNucleic Acid

RT = Reverse Transcriptase

RTP = Remdesivir Triphosphate

SAM = S-adenosylmethionine

SARS-CoV-2 = Severe Acute Respiratory
Syndrome Coronavirus 2

SEM = Scanning Electron Microscopy
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