Organoselenium mild electrophiles in the inhibition of
MPre and SARSCoV-2 replication
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Introduction

After the severe acute respiratory syndrome (SARS) and the middle-east respiratory syndrome
(MERS) caused by coronaviruses in 2003 [1] and 2012 [2], respectively, the unprecedently rapid
emergence of a severe acute respiratory syndrome associated with the new coronavirus (Sars-CoV-
2) and the resulting disease COVID-19 strongly polarized research efforts in an attempt to develop
vaccines, therapeutic procedures and small molecules having a selective antiviral activity.
Unfortunately, despite the identification of several molecular targets [3—5], the number of molecules
necessary to drive a concrete drug discovery program is still very limited, and most of the current
studies focus on repurposed drugs [6].

In a recent high-throughput screening study, the attractive organoselenium compound 2-phenyl-1,2-
benzoisoselenazol-3-one (Ebselen, compound 1) [7] has been identified as the most potent inhibitor
of the main protease (MP™), among a pool of existing small-molecule drugs [8]. Subsequently, it was
also demonstrated that it potentially inhibits SARS-CoV-1 and SARS-CoV -2 papain-like proteases
(PLP™) [9].

MPr and PLP™ are two viral-encoded enzymes important for viral replication and to escape the host
immune response. The lack of closely related cellular homologs makes them attractive targets for the
development of coronavirus-directed antivirals.

When tested in vitro, Ebselen (compound 1, Figure 1) showed a potent inhibitory activity toward MP™
with an ICso in the nanomolar range (670 nM). Furthermore, it showcased a micromolar antiviral
activity measured in a cellular context (ICso=4.67 uM). These data make Ebselen the most potent
MP and SARS-CoV-2 replication inhibitor known to date [9]. The second protease encoded in the
coronaviral genome, PLP™, is also is efficiently inhibited by such organoselenium compound, even if
with lower potency (ICso=2.26 uM) [8].

Mode of action studies revealed that both enzymes are irreversibly inhibited by compound 1 that is
able to covalently bind to reactive cysteines within the PLP™ and MP™ active sites, forming a stable
selenyl sulfide. Tandem mass spectrometry and computational calculations proved that the reactive



cysteine in MP™ is Cys145 [4,10], while molecular modeling efforts demonstrated that Cys111 is the
target of Ebselen within the PLP™ active site [8].

The capability of Ebselen to randomly modify cysteines is already known [11-15], and for someone,
it could represent a critical issue on its actual clinical exploitability, even if several different examples
demonstrate the almost complete absence of toxic effects in vivo, proved also by the many clinical
trials in which it was and it is still involved [16]. Furthermore, it showed several positive effects
exploitable in the context of COVID-19 [17].

Taken together, these results clearly underline the value of Ebselen as a lead compound and, at the
same time, raise the intriguing question on whether its chemical reactivity could be exploited and
directed to selectively target specific cysteines on the active sites of selected enzymes by
modifications in its structure.

We recently reported a novel and efficient method to prepare variously decorated Ebselen-like
derivatives starting from ortho-(amido)aryldiselenides [17], including the DiSeBAs, a class of
compounds that potently reduce HIV replication [18], by inhibiting the key viral protein NCp7
[19,20]. In our ongoing work in the field of organoselenium chemistry, and in an attempt to
understand the molecular mechanism behind the biological properties of organoselenium compounds,
we herein compare the anti SARS-CoV-2 MP™ activity of a series of diselenides (compounds 16-34)
and Ebselen-like derivatives (compounds 2-15). Such a comparison has been scarcely explored yet,
and could be beneficial to enlarge the classes of small molecules able to inhibit MP™ [21].

Results and Discussion

Diphenyl diselenide (compound 36) and selenocystine (compound 34) are commercially available.
All the other compounds were synthesized. Dibenzyl diselenides (compound 35) was prepared
following the reported procedure [21]. Ebselen-like compounds 2-8 were prepared starting from 33
[21,22], which was first coupled with amino acids protected as esters leading to compound 16-27 [18]
(Scheme 1, step a). The ester derivatives were converted into the corresponding benzisoselenazolone
following a recently reported procedure (Scheme 1, step b) [23]. Diselenides (28-32) were prepared
from the corresponding Ebselen-like compounds (10-12, 14 and 15) via a sequential NaBH4-mediated
reduction of the Se-N bond and air oxidation of the so formed selenolate anion. (Scheme 1, step c)
[24,25].
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Scheme 1. Synthesis of diselenides and benzisoselenazolones.

As first line of screening, they were all preliminary assayed at the concentration of 40 uM, showing
full inhibition of the enzymatic activity. Then, the half maximal inhibitory concentration (IC,) was
determined and the results are collected in Table 1.



Table 1. Structures and IC.s of all the tested the compounds.
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The Ebselen derivatives (2-15) resulted in all the cases more potent than their corresponding
diselenides analogues 16-36, confirming that the electrophilic character of the selenium atom is the
key characteristic for the reaction with the sulfur atom of the cysteine. In the Ebselen derivatives, the
nitrogen-selenium bond reduces the electronic density of the chalcogen, whereas in the diselenides,
the non-bonding interaction between the amidic oxygen and the selenium atom only slightly
contribute on improving the electrophilic character of Se. This can be also partially evidenced by the
77Se-NMR chemical shift that ranges from 804 to 935 ppm for benzisoselenazolones, and from 439
to 450 ppm for the corresponding diselenides.

In addition, the geometry of some selected Ebselen-like and diselenides systems has been optimized
by DFT (b3lyp-d3/def2-tzvp level of theory) and the natural partial atomic charges have been
computed by using the Natural Population Analysis (NPA) as implemented in the NBO software
suite. The results are shown in Table 2

Table 2. NPA partial charge (in €) on the selenium atom (two values are shown for diselenide
systems) on some ebselen-like and diselenides systems.
compound q(Se) compound q(Se)

1 0.607 24 0.165/0.167

3 0.613 30 0.143/0.175

5 0.619 33 0.173/0.186

7 0.617 34 0.104/0.122

12 0.608 36 0.151/0.153

There is a qualitative inverse proportionality between q(Se) and ICso: compounds having q(Se) >
0.610 e are the most active ones, whereas below this threshold we found less active systems as 1 and
12. For the least active compounds, q(Se) is less than 0.2 e. This suggests the hypothesis of a
nucleophilic attack of the sulfur of the cysteine to the selenium. The exact reaction mechanism is
under study.

The benzisoselenazolone derivatives displayed values if ICsos in the nanomolar range, with the ones
bearing a carboxylic moiety showing slightly better results (compounds 2-8). Among these, valine
and isoleucine derivatives (compounds 7 and 5 respectively) showcased the best results. Terpene-
based benzisoselenazolones (compounds 9-15) are weaker if compared to the ester containing ones,
but still very potent, better than Ebselen. These results seem indicate that a hydrogen bond acceptor
group, one carbon far from the benzisoselenazolone scaffold, is beneficial for the enzymatic
inhibition.

With the only exception of selenocystine (compound 34), which showed an ICso of 64 uM and
compounds 23, 28, 32, 33 and 35, which were unable to inhibit MP™ even at a concentration superior
of 100 uM, all of the diselenides derivatives inhibited the protease activity at low micromolar
concentrations or at submicromolar levels, as observed for the glycine derivative (compound 16).
Diphenyl diselenides, the simplest among the aromatic diselenides that we have tested, showed
activity with ICso of 1.87 uM. Structure-activity relationship information for this class of compounds
clearly highlighted that the presence of the ester moiety is better than the free carboxylic acids
(compound 16 vs 17, 18 vs 19, and so on). Hydrocarbon-containing diselenides (29-31) are endowed
with anti-Mpro activity superimposable to that of the diselenides with a free carboxylic acid group.

Tables 3 and 4 present the docking simulations results as well as MP™-compounds interactions.
According to these Vina docking results, all the compounds presented favorable estimated free energy
of binding (FEB). Ebselen and Ebselen derivatives (1-15) have an average FEB of -6.56 +0.46
kcal/mol for both babel molecules and -6.22 £ 0.61 kcal/mol for MOPAC. The correspondent
diselenides analogues 16-36 have -7.31 = 1 kcal/mol for babel conjugate gradient, -7.05 £+ 0.83
kcal/mol for babel steepest descent and -6.84 + 0.81 kcal/mol for MOPAC. Thus, according to these



results, all the compounds are good inhibitor candidates for MP™ with a small difference in average
FEB for diselenides probably because they have more atoms and these number are taken into
consideration in Vina score.

Table 3. Docking results and non-bonded M~-benzisoselenazolones interactions
Vina FEB (kcal/mol) MOPAACmbiESt gcliccjglii?gtgg;?tzllﬁzlgﬁ)r;fzt;alysis)
empd Cj}?l?;te S?eil;eelst MOPAC | CYS | GLY | ASN | HIS | GLU | MET | GLN
Gradient Descent PM6 145 143 142 41 166 165 189
1 -6.6 -6.1 -6.6 Y Y Y Y Y Y
2 -6.3 -55 -59 Y Y Y
3 -6.0 -53 -6.2 Y Y Y
4 -6.1 -5.6 -6.1 Y Y Y
5 -6.0 -5.6 -6.3 Y Y Y Y Y
6 -70 -6.2 -6.2 Y Y Y Y
7 -6.4 -53 -5.7 Y Y Y Y Y Y
8 -6.0 -6.2 -6.5 Y Y Y Y
9 -6.9 -6.7 -6.7 Y Y Y Y Y
10 -6.7 -7.1 -6.6 Y Y Y
11 -7.0 -70 -6.9 Y Y Y Y Y Y
12 -6.9 -6.7 -6.2 Y Y Y
13 -7.3 -70 -6.7 Y Y Y Y
14 -6.1 -6.0 -6.2 Y Y Y Y Y
15 -7.1 -6.8 -6.3 Y Y Y Y Y
Av -6.56 -6.56 -6.22
SD 046 046 0.62
Docking simulations performed with Vina: columns 3, 4 and 5 present the estimated free energy of binding FEB in
kcal/mol according to the molecules optimized with three different methodologies. The following columns describe if
there is (Y) or not a non-bonded interaction (according to LigPlot+) between Mpro key amino acids and the MOPAC
optimized molecules according to the best ranked docking result.




Table 4. Docking results and non-bonded M~-diselenides interactions

Vina FEB (kcal/mol)

Amino acids in non-bonded contacts
MOPAC best docking results

empd | Babel Conjugate S?eeel:ll))?st MOPAC | CYS | GLY | ASN | HIS | GLU | MET | GLN
Gradient Dueepest PM6 | 145 | 143 | 142 | 41 | 166 | 165 | 189

16 72 68 75 Yy | v Y Y
17 83 7.8 83 Y Y
18 7.1 70 76 Y Y Y
19 78 75 8.4 Y Y
20 7.1 5.9 74 Y Y Y Y
21 77 69 78 Y Y Y
22 62 65 68 Y Y Y Y
23 74 70 74 Y Y Y
24 69 63 68 Y Yy | v Y
25 65 69 80 Y Y Y
26 72 64 75 Y Y Y
27 70 6.6 83 Y Y
28 77 72 8.1 Y Y Y
29 8.1 68 79 Yy | v Y
30 83 70 78 Y Y
31 7.1 5.9 6.4 Y
32 69 6.6 75 Y | v
33 70 63 70 Y Y
34 53 49 5.8 Y Y
35 57 5.7 59 Y Y
36 5.6 5.3 6.1 Yy | v Y
Av 731 705 6.84
SD I 0.83 081

Docking simulations performed with Vina: columns 3, 4 and 5 present the estimated free energy of binding FEB in
kcal/mol according to the molecules optimized with three different methodologies. The following columns describe if
there is (Y) or not a non-bonded interaction (according to LigPlot+) between Mpro key amino acids and the MOPAC
optimized molecules according to the best ranked docking result.




Regarding the docking results, about the interactions between M~ amino acids and the compounds
(Table 4) it is possible to see that compounds 1-15 had better docking scores preferably close to the
P1’°, P2 and P3 M~ sites [9] presenting non-bonded contacts with CYS 145, HIS 41 and GLU 166.
Figure 1 shows in detail compounds 5 and 7 non-bounded and hydrophobic contacts with M=
generated by Discovery Studio 2020 (BIOVIA 2020). As we can see, compound S established
hydrophobic contacts and pi-sulfur bonds with CYS 145 (P1’ site) close to the selenium atom,
hydrogen bonds with GLY 143 (P1’ site) and Pi hydrophobic bonds with HIS 41 (P2 site).
benzisoselenazolone 7 also shows hydrophobic contacts with CYS 145 and Pi hydrophobic bonds
with HIS 41 (P2 site).

PHEg14

Compound 5 Compound 7

Figure 1. M~-compounds interactions of the MOPAC best docking result for compounds 5 and 7. Analyses
performed by Discovery Studio 2020 (BIOVIA 2020). Green dashed lines correspond to classical hydrogen bonds.
Soft Green dashed lines correspond to non-classical hydrogen bonds (Carbon Hydrogen bond and Pi donor
Hydrogen bond). Hydrophobic contacts are in pink and magenta dashed lines (Pi/Alkyl Hydrophobic). Sulfur
contacts in Orange. Carbon atoms are in dark gray, hydrogen atoms in light gray, Oxigen in red, Selenium in Orange
and Nitrogen in blue, Sulfur in yellow.

Regarding MOPAC docking results (Table 2, columns 4-10) the non-bonded contacts are not very
frequent between compounds 16-36 compared to compounds 1-15. In addition, GLU 166 does not
present any non-bonded contact with these molecules and contact with GLN 189 is more frequent. In
order to exemplify these differences, we show in Figure 2 the compounds 19 and 36 non-bounded
and hydrophobic contacts with MP™ obtained by Discovery Studio 2020 (BIOVIA 2020). For both
molecules GLN 189 (P4 site) is interacting.



Compound 19 Compound 36

Figure 2. Mpro-compounds interactions of the MOPAC best docking result for compounds 19 and 36. Analyses
performed by Discovery Studio 2020 (BIOVIA 2020). Green dashed lines correspond to classical hydrogen bonds.
Soft Green dashed lines correspond to non-classical hydrogen bonds (Carbon Hydrogen bond and Pi donor
Hydrogen bond). Hydrophobic contacts are in rose and magenta dashed lines (Pi/Alkyl Hydrophobic). Sulfur
contacts in Orange. Carbon atoms are in dark gray, Hydrogen atoms in light gray, Oxigen in red, Selenium in Orange
and Nitrogen in blue.

As we can see on Figures 1,2 and Table 2, the non-bonded and hydrophobic contacts with CYS 145
(close to the selenium atoms) is more frequent on MOPAC docking results with molecules 1-15.
Thus, even docking FEB scores do not show difference between ebselen derivatives and diselenides
derivatives, the non-bonded and hydrophobic contacts can help to explain that molecules 1-15
presented better activity maybe because their interactions with CYS 145 and preferences by the P1°
and P3 MP™ sites while diselenides derivatives molecules presented preferences to be close to P4 site.
In order to simulate the chemical reaction between a free cysteine with the selenium electrophiles and
the corresponding thiol exchange that could account for a detoxification process mediated in cells by
glutathione, some "’Se-NMR experiments were setup. Ebselen (0.125M; 13.7 mg, 0.05 mmol in 0.4
mL) and the corresponding diselenide (0.125M; 27.6 mg, 0.05 mmol in 0.4 mL) were solubilized in
DMSO-d6 and separately reacted with a stoichiometric amount of N-acetyl cysteine (NAC). Ebselen
was rapidly and quantitatively transformed into the corresponding Se-S (Ebs-NAC) adduct,
evidenced by the appearance of the peak at 551.2 ppm and the complete disappearance of the peak at
912.4 ppm. On the contrary, in the case of diselenides, the same reaction conditions afforded only
traces of the Ebs-NAC adduct, reflecting the different electrophilic reactivity of the selenium atom in
the two different molecules. The formed Ebs-NAC adduct was treated with 1 equivalent of 2
mercaptopropionic acid observing the slow formation of a second adduct (Ebs-MPA with a peak in
the 7’Se-NMR at 525.8 ppm) arising from a thiol exchange. When the same reaction was repeated in
CDCls, the thiol exchange was not observed neither after the addition of a large excess of 2
mercaptopropionic acid, and indicating that this reaction follows a Sn2 mechanisms.
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Scheme 2. NMR experiments of thiol exchange on ebselen and its corresponding diselenides.

We then moved to analyze whether the anti M~ activity translates into the inhibition of the SARS-
CoV-2 replication in a cellular context. To this aim, benzisoselenazolones 2, 3, 5-8, and diselenides
16,17,20,24, and 25 were selected. The ability to inhibit SARS-CoV-2 replication by the compounds
was determined by infecting confluent monolayers of Vero cells in the presence of a chosen
compound. The compounds were present on cells during and after the inoculation process. After 2



days of culturing at 37°C, the toxicity of the compound and the virus-associated cytopathic effect
(CPE) reduction was scored. The results are presented in Table 5.

Table 5. Inhibition of the virus-caused cytopathic effect (CPE) by the compounds.
Concentration uM
Compound 50 10 5
1 Tox + -
2 Tox + -
3 Tox +/- -
5 - - -
6 Tox - -
7 + - -
8 Tox - -
16 Tox +/- -
17 - - -
20 - - -
24 + - -
25 +/- - -
(+) CPE reduction; (-) no CPE reduction; (+/-) inconclusive observations: CPE reduction
in one experiment, no CPE reduction in the other experiment; (tox) cytotoxicity observed.

When CPE reduction was evident (1-3, 7, 16, 24, 25), cell culture supernatants were collected and
total viral RNA was isolated, reversely transcribed, and used as a template for real-time quantitative
PCR (qPCR) reaction. The number of viral RNA copies per milliliter was estimated based on the
serial dilutions of DNA standards. The experiment was performed in two biological replications, each
sample at least in a triplicate. Obtained data were normalized, tested with Shapiro-Wilk normality
test, and Kruskal-Wallis with Dunn’s multiple comparison test. The results are presented in Figure
3.
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Figure 3. Inhibition of SARS-CoV-2 infection in Vero cells by selected compounds.



The most potent compounds are the benzisoselenazolone derivative 3 and the diselenide 24, when the
virus was inhibited by 10 times. Compounds 2, 25, 7, and Ebselen (1) only slightly reduce SARS-
CoV-2 infection (<0.5 log), whereas compound 16 does not affect SARS-CoV-2 replication.

Conclusion:

Based on the here reported data, all the Ebselen-like derivatives resulted to be very strong in vitro
inhibitors of SARS-CoV-2 main protease. We demonstrated that this activity mainly depends on the
electrophilicity of the selenium atom that is considerably higher in the N-substituted 1,2-
benzoselenazol-3(2H)-ones respect to the corresponding diselenides allowing it to be rapidly attached
by free thiols affording sulfur-selenium intermediates that are further subjected to thiol exchange
processes. This data paints a very complex scenario that requires us to consider Ebselen and Ebselen-
like derivatives as potential electrophilic substrates for the several other free thiols present in the cell
beside the target free cysteine. The sulfur selenium intermediates are milder electrophiles that could
be theoretically implicated in both the detoxification process as well as in the final enzymatic
inhibition. We here demonstrated that the in vitro inhibition activity is not fully reproduced in the
prevention of viral replication in the cell-based assay. This indicate that the structure of the
substituents introduced in the Ebselen scaffold is a crucial factor to control the reactivity of the
selenated molecule in the network of thiol exchanges, as well as for molecular recognition of the
targeted enzymatic cysteine. For this reason, an in-depth investigation is strongly desirable to better
understand how to increase the activity and the selectivity of Ebselen derivatives overcoming the
issues of the apparent PAINS-like role of Ebselen.

Furthermore, besides the antiviral activity, thee selected compounds also showed a different ability
to reduce the virus-induced cytopathic effect, indicating that other mechanisms could be implicated.
One may consider here the well-known cytoprotective antioxidant activity of Ebselen and its
derivatives.

Experimental:
Synthesis of diselenides 28-32

To a solution of benzisoselenazolone 10-12, and 14-15 (1.0 mmol) in methanol (10 mL) cooled to
0°C, sodium borohydride (1.0mmol) was added and the mixture was stirred for 1h. Water (15mL)
was added and the mixture was oxidized with air for 1h. The formed precipitate was filtered and dried
in air. Yields 28 — 72%,29 — 63%, 30 — 69%, 31 — 70%, 32 — 81%.

Molecular Docking Simulations

In order to perform protein-ligand molecular docking simulations it is necessary the 3D structures of
the target protein and the proposed compounds. Different structures of main protease (M=) are
deposited on Protein Data Bank from which we chose to consider 6LU7 [4]. We have chosen this
structure since it was one of the first structures of Mpro of SARS-CoV-2, it has a resolution of 2.16
A, no missing amino acids and it was crystalographed with N3 compound on the binding site. All the
proposed compounds were prepared from the SMILES using three different algorithms for 3D
geometry optimization: software babel with conjugate gradient and steepest descent algorithms [26]
and MOPAC with PM6 [27].



All docking simulations were performed using Vina [28] with python scripts generated by
FrameworkVS [29]. The grid box was defined with size of x, y and z = 22 A and center of x = -9.342
A; center of y = 10.088 A; center of z = -22.476 A. We evaluated protein-ligand interactions using
LigPlot+ [30] and Discovery Studio [BIOVIA, 2020].

Since MOPAC optimization determines charges for Selenium atoms we investigated the compounds
interactions with some M~ key amino acids in N3 sites [4] P1’ (CYS 145 and GLY 143), P1 (ASN
142), P2 (HIS 41), P3 (MET 165, GLU 166) and P5 (GLN 189) .

Computational Details

All the geometries were optimized with ORCA 4.1.0, (Neese, F. Software Update: The ORCA
Program System, Version 4.0. Wiley Interdiscip. Rev. Comput. Mol. Sci. 2017, 8 (1), el327.
https://doi.org/10.1002/wcems.1327.) using the B3ALYP functional and the RIJCOSX approximation
in conjunction with a triple- T quality basis set (def2-tzvp). All the structures were confirmed to be
local energy minima (no imaginary frequencies). Dispersion effects were accounted using the
Grimme D3-parametrized correction with Becke — Jonhson damping to the DFT energy. (S.Grimme,
S.Ehrlich, L.Goerigk, J Comput Chem, (2011), 32, 1456-1465) Natural Population Analysis were
performed using NBO 6. (NBO 6.0. E. D. Glendening, J. K. Badenhoop, A. E. Reed, J. E. Carpenter,
J. A. Bohmann, C. M. Morales, C. R. Landis and F. Weinhold (Theoretical Chemistry Institute,
University of Wisconsin, Madison, WI, 2013); http://nbo6.chem.wisc.edu/)

Cells and the virus

Vero E6 (Cercopithecus aethiops; kidney epithelial; CRL-1586) were cultured in Dulbecco’s MEM
(Thermo Fisher Scientific, Poland) supplemented with 3% fetal bovine serum (heat-inactivated;
Thermo Fisher Scientific, Poland) and antibiotics: penicillin (100 U/ml), streptomycin (100 pg/ml),
and ciprofloxacin (5 pg/ml). Cells were maintained at 37°C under 5% CO..

SARS-CoV-2 strain 026V-03883 was kindly granted by Christian Drosten, Charité -
Universitdtsmedizin Berlin, Germany by the FEuropean Virus Archive - Global (EVAg);
https://www .european-virus-archive.com/).

All SARS-CoV-2 stocks were generated by infecting monolayers of Vero E6 cells. The virus-
containing liquid was collected at day 3 post-infection (p.i.), aliquoted, and stored at —80°C. Control
samples from mock-infected cells were prepared in the same manner. Virus yield was assessed by
titration on fully confluent Vero E6 cells in 96-well plates, according to the method of Reed and
Muench. Plates were incubated at 37°C for three days, and the cytopathic effect (CPE) was scored by
observation under an inverted microscope.

Isolation of nucleic acids and reverse transcription

A viral DNA/RNA kit (A&A Biotechnology, Poland) was used for nucleic acid isolation from cell
culture supernatants. RNA was isolated according to the manufacturer’s instructions. cDNA samples
were prepared with a high-capacity cDNA reverse transcription kit (Thermo Fisher Scientific,
Poland), according to the manufacturer’s instructions.

Quantitative PCR

Viral RNA was quantified using quantitative PCR (qQPCR; CFX96 Touch real-time PCR detection
system; Bio-Rad, Poland). cDNA was amplified using 1x qPCR master mix (A&A Biotechnology,
Poland), in the presence of the probe (100 nM; FAM/BHQ1, ACT TCC TCA AGG AAC AAC ATT
GCC A) and primers (450 nM each; CAC ATT GGC ACC CGC AAT C and GAG GAA CGA GAA
GAG GCT TG). The heating scheme was as follows: 2 min at 50°C and 10 min at 92°C, followed by



30 cycles of 15 s at 92°C and 1 min at 60°C. In order to assess the copy number for the N gene,
standards were prepared and serially diluted.
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