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A B S T R A C T   

The SARS-CoV-2 RNA-dependent RNA polymerase (RdRp) is essential for virus replication, therefore it is a 
promising drug target. Here we present a surface plasmon resonance approach to study the interaction of RdRp 
with drugs in real time. We monitored the effect of favipiravir, ribavirin, sofosbuvir triphosphate PSI-7409 and 
suramin on RdRp binding to RNA immobilized on the chip. Suramin precluded interaction of RdRp with RNA and 
even displaced RdRp from RNA.   

The SARS-CoV-2 pandemic has changed the world as we know it. 
With no less than 140 million people infected and over 3 million deaths, 
it has become a focal point for researchers around the world looking into 
the nature of the virus and, more importantly, the cure. RNA polymerase 
is a promising drug target because its inhibition prevents the virus from 
replicating in living cells. It is also evolutionarily very stable compared 
to surface proteins (Shi et al., 2013). SARS-CoV-2 nonstructural proteins 
(nsps) encoded by the first two open reading frames (ORF1ab) constitute 
the replication and transcription complex that controls the virus life 
cycle (Wu et al., 2020; Ziebuhr, 2005). The nsp12 is the catalytic subunit 
of the RNA-dependent RNA polymerase (RdRp) (Ahn et al., 2012), 
which is capable of basal polymerase activity, but when bound to the 
cofactors nsp7 and nsp8, the efficiency of polymerase activity increases 
significantly (Subissi et al., 2014; Zhai et al., 2005). Promising inhibitors 
targeting the polymerase are nucleotide analogues (Ju et al., 2020; 
Öberg, 2006), e.g. remdesivir, which has shown great success in inhib
iting viral polymerase and specifically SARS-CoV-2 RdRp (Agostini 
et al., 2018; Gordon et al., 2020; Kokic et al., 2021). Sofosbuvir, a uri
dine nucleoside analogue (Jácome et al., 2020; Jockusch et al., 2020), 
ribavirin, a guanoside nucleoside analogue (Elfiky, 2020), favipiravir, a 
purine analogue (Abdelnabi et al., 2017; Furuta et al., 2005), and the 
100-year-old drug suramin (Salgado-Benvindo et al., 2020; Wiedemar 
et al., 2020; Yin et al., 2021) also have great potential. 

Here we report an efficient surface plasmon resonance (SPR) 
approach for screening drugs targeting SARS-CoV-2 RdRp (nsp12-nsp7- 
nsp8). We performed SPR analysis at 25 ◦C on the Biacore T200 system 

using a streptavidin-coated SPR biosensor chip (SA chip, GE Health
care). Interaction measurements were performed in running buffer 
45 mM Tris-HCl, 140 mM NaCl, 2.5 mM KCl, 4 mM MgCl2, 0.005 % 
Tween 20, pH 8. First, a biotinylated, 15 nt oligonucleotide (5’- 
CGCTCGAGTAGTAAC-Bio-3’) with 30 response units (RU) was immo
bilized on the surface of flow cells (Fc) 1 and 2 of the SA chip (Fornelos 
et al., 2015). Next, we designed the RNA molecule to hybridize to the 
oligonucleotide and enable the interaction with RdRp (Fig. 1A). For this 
purpose, we used RNA that self-anneals at the 3’-end into the U-tetra
loop and was used to resolve the SARS-CoV-2 RdRp structure in complex 
with RNA (Hillen et al., 2020), flanked by 26 nucleotides, carrying at the 
5’-end the sequence complementary to the chip-immobilized oligonu
cleotide (5’-GUUACUACUCGAGCGUUUUCAUCAUUCGCGUAGUUUU
CUACGCG-3’, SigmaAldrich). To initiate proper folding and annealing, 
RNA was diluted in buffer 10 mM Tris, 50 mM NaCl, 1 mM EDTA, pH 8 
at a concentration of 50 μM and annealed in Thermo Cycler by heating 
RNA to 75 ◦C for 5 min and then gradually cooling to 4 ◦C (temperature 
drop of 5 ◦C every 3 min). Annealed RNA at a concentration of 2 μM, was 
injected over Fc2 (flow rate 5 μL/min, association time 200 s) to 45 RU. 

To assay the interaction of SARS-CoV-2 RdRp (nsp12-nsp7-nsp8 
complex, BPS Bioscience #100839) with RNA immobilized on the chip, 
we performed the single cycle kinetics experiment. For this purpose, we 
injected RdRp (2.5, 5, 10, 20, 40 nM) from the low to the high con
centration across the Fc1 and Fc2 at a flow rate of 30 μL/min, association 
time 120 s, with short dissociation times in between and a dissociation 
step of 200 s at the end. The sensorgrams show concentration-dependent 
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RdRp binding with the RNA immobilized on the chip, exhibiting an 
apparent equilibrium constant (KD) of ~7.9 ± 2.5 nM (Fig. 1B) and 
maximum response of 75 RU. We observed that fewer response units of 
RdRp associated with RNA over the course of the experiment, as the 
maximum response of RdRp binding to RNA decreased by approxi
mately 20 RU per 60 min. We believe that the reason for this is most 
likely due to unwinding of the RNA U-tetraloop in a part of the chip- 
immobilized RNA molecules. Nevertheless, by injecting free RdRp at 
the beginning and at the end of each measurement as a control, we were 
able to examine the effect of selected compounds on RdRp-RNA 

interaction. We analyzed the effects of ribavirin, favipiravir, and sur
amin in their nonmetabolite forms and sofosbuvir in its active triphos
phate metabolite form, called PSI-7409. All compounds were purchased 
from MedChemExpress (Ribavirin #HY-B0434, Favipiravir #HY-14768, 
PSI-7409 #HY-15745, Suramin sodium salt #HY-B0879A). 

RdRp was mixed with each inhibitor at the desired ratio and injected 
over the RNA immobilized on the SA chip (the same single cycle kinetics 
experiment as described above was used). It is worth noting that in all 
experiments the sensorgrams were referenced twice, for the response of 
the untreated surface of the flow cell 1 with solely immobilized 

Fig. 1. Interaction of RNA dependent RNA 
polymerase with chip-immobilized RNA. (A) 
Schematic representation of SA chip surface 
encompasing biotin-tetraethylene glycol (TEG) 
oligonucleotide (green), RNA with U-tetra loop 
(red) hybridized to the biotinylated oligonu
cleotide, RdRp interacting with RNA (blue), and 
its analytes (antiviral candidate compounds, 
yellow) used to monitor interactions. (B) Sur
face plasmon resonance analysis of RdRp 
binding to immobilized RNA (2 μM) on SA chip 
using a single cycle kinetics approach via 
consecutive injections of RdRp at concentra
tions of 2.5, 5, 10, 20, and 40 nM (from left to 
right) (red). The equilibrium constant (KD) of 
7.9 ± 2.5 nM was calculated from three ex
periments. Sensorgram fitting was performed 
using Biacore T-200 Evaluation Software, 1:1 
binding kinetics model (black).   

Fig. 2. SPR analysis of the effect of potential inhibitors on the binding of RdRp to immobilized RNA. (A-C) SPR sensorgrams of RdRp (2.5, 5, 10, 20, and 40 nM, 
consecutive injections at a flow rate of 30 μL/min, association time 120 s), either alone (black sensorgrams, dashed lines) or mixed with selected compound with the 
RNA immobilized on the SA chip. Note that in panels A-C only RdRp was injected over the RNA before (upper black sensorgram, cycle 1, c1) and after (lower black 
sensorgram) RdRp mixed with selected compound was injected to exclude the effect of decreased RdRp-RNA binding during the course of the experiment. The first 
analysis cycle is labelled c1 and subsequent cycles of compound/RdRp injections are labelled c2, c3, c4. (A) Sensorgrams of RdRp in the presence of either ribavirin 
(green) or favipiravir (red), at a molar ratio of RdRp to compound 1:25000, showing that these two compounds do not affect RdRp-RNA interaction. (B) Sensorgram 
of injections of RdRp together with PSI -7409 (1:25000, mol:mol) (red), showing an increased response of binding to RNA compared to free RdRp (dashed black 
lines). (C) Sensorgram of RdRp mixed with suramin at a molar ratio of 1:2500 (red) shows that suramin inhibits the interaction of RdRp with RNA immobilized on the 
chip. (D) RdRp (40 nM) was injected over the chip-immobilized RNA for 100 s at 30 μL/min. Subsequently, in the dissociation phase, suramin at a concentration of 
10, 25 or 50 μM was injected over the nucleoprotein complex at time 280 s for 150 s and dissociation was followed for 60 s. Suramin displaced RdRp from RNA in a 
concentration-dependent manner, with 50 μM suramin displacing most of RdRp (red). Sensorgrams were normalized on the Y axis to 100 response units of RdRp in 
the dissociation phase when the suramin was injected (Biacore T-200 Evaluation Software). Experiments were performed in duplicates and representative sensor
grams are shown. (E) Interaction of the studied compounds, at the highest concentrations used in the experiments, the results of which are shown in panels A-D, with 
immobilised RNA. 
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biotinylated oligo and the response of the buffer. The sensor surface was 
regenerated by a 8-second injection of 50 mM NaOH, resulting in 
dissociation of the RNA-RdRp complex. After the regeneration step, 45 
RU of RNA was immobilized on the test flow cell 2. Ribavirin and 
favipiravir, both in the ratio to RdRp 25000:1 (mol:mol), showed no 
significant effect on the binding of RdRp to RNA (Fig. 2A). This is as 
expected, since these nucleoside analogs only interact with RdRp when 
metabolized to their triphosphate forms in the cell (Agostini et al., 2018; 
Furuta et al., 2005; Tchesnokov et al., 2019). Sofosbuvir has already 
shown major inhibitory effects on Zika virus (Reznik and Ashby, 2017), 
as well as on SARS-CoV-2 (Chien et al., 2020; Jácome et al., 2020; 
Jockusch et al., 2020; Ju et al., 2020). In its triphosphate form, it binds 
to RdRp, which it mistakes for a nucleotide and inserts into emerging 
RNA chain. This leads to termination of RNA polymerization, resulting 
in viral decay (Jockusch et al., 2020). We measured a higher RdRp 
response when mixed with PSI-7409 (PSI-7409 : RdRp, 25000:1, mol: 
mol). The difference in response between free RdRp and RdRp mixed 
with PSI-7409 is most noticeable at higher concentrations (highest 
response is 170 RU). We observe that this drug does not prevent RdRp 
from binding to RNA and it does not bind to RNA itself. We speculate 
that the observed response may be due to PSI-7409 enhancing the af
finity of RdRp for nucleic acids immobilized on the chip or/and due to 
the nonspecific binding of PSI-7409 to RdRp (Fig. 2B). 

RdRp mixed with suramin at a molar ratio of 1:2500 lost its ability to 
bind to RNA immobilized on the chip (Fig. 2C). This is consistent with 
previous experiments showing that suramin inhibits viral replication by 
binding to RdRp, thus elicting site clashes with the RNA strand near the 
catalytic active site of RdRp and directly blocking the binding of the 
RNA template strand (Yin et al., 2021). To further demonstrate that 
suramin has the ability to interfere with RdRp-RNA binding, we injected 
40 nM RdRp (flow rate 30 μL/min, association time 100 s) over the RNA 
immobilized on the chip (45 RU) and followed the dissociation of the 
nucleoprotein complex. The data show that subsequent injection of 
suramin in 10 μM or 25 μM or 50 μM displaces RdRp from the RNA in a 
concentration-dependent manner (Fig. 2D). It is noteworthy that the 
compounds did not interfere with the RNA immobilized on the SPR chip 
(Fig. 2E). 

The data presented here show that our SPR approach allows efficient 
screening of anti-RdRp compounds. Our results confirm that suramin is a 
potent inhibitor of RdRp binding to RNA, thus a promising drug for the 
treatment of SARS-CoV-2 infection to help in this tiring battle with the 
virus. 
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