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In 2002, severe acute respiratory syndrome (SARS) broke

out in Guangdong Province of China and spread rapidly to

many regions. According to the World Health Organization,

almost 800 victims were reported and the fatality rate of

SARS was about 10%. Fortunately, SARS was controlled in

a year and further reoccurrence has not been reported.

However, SARS is still regarded as a great concern to

human health because effective medicines or vaccinations

have not been developed. Therefore, the efforts to develop

successful anti-SARS agents should be continued for

possible reappearance of threatening SARS.

In general, coronaviruses are enveloped and their

genome is single-stranded positive-sense RNA. They were

not regarded as fatal before SARS appeared. In fact, a few

human coronaviruses, such as HCoV-229E along with

OC43, have been known as causative agent of the common

cold. However, SARS was caused by an unprecedented

coronavirus, SARS coronavirus (SCV), with a genome of

about 29.7 kb [1, 2]. Of the many genes of SCV, the 21.2 kb

replicase gene, which is located at the 5’-end of the SCV

genome, is responsible for producing two polyproteins, pp1ab

and pp1a [3, 4]. The two polyproteins are subsequently

cleaved by viral proteinases and produce several nonstructural

proteins (nsPs) [3, 5]. It is noted that NTPase/helicase

(nsP13), the target protein in this study, is indispensable for

SCV to replicate and a member of the membrane-bound

viral replicase complex [5, 6]. In fact, viral polymerase and

helicase have been regarded as potential target proteins to

identify new antiviral agents [7-9]. Helicases are molecular

motors that translocate along single-stranded (ss) nucleic

acid or unwind double-stranded (ds) nucleic acid using the

energy released from nucleoside triphosphate (NTP) [10, 11].

Owing to the importance of helicase in genome replication,

most organisms, from bacteria to human beings, encode

helicases [12]. Many viruses also have their own helicases.

Although the function of helicases seems to be similar in

almost all organisms, the working mechanism is very

unique from species to species. In terms of SCV helicase,

we have acquired a lot of mechanistic characteristics

during the past years [13-15]. Based on the accumulated

knowledge, we have kept going to find inhibitory materials

against SCV helicase, such as small molecules [13, 16, 17].
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We have discovered a novel chemical compound, (E)-3-(furan-2-yl)-N-(4-sulfamoylphenyl)

acrylamide, that suppresses the enzymatic activities of SARS coronavirus helicase. To

determine the inhibitory effect, ATP hydrolysis and double-stranded DNA unwinding assays

were performed in the presence of various concentrations of the compound. Through these

assays, we obtained IC50 values of 2.09 ± 0.30 µM (ATP hydrolysis) and 13.2 ± 0.9 µM (DNA

unwinding), respectively. Moreover, we found that the compound did not have any

significant cytotoxicity when 40 µM of it was used. Our results showed that the compound

might be useful to be developed as an inhibitor against SARS coronavirus.
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In the present study, we have identified a novel small

molecule from an in-house library, designated as FSPA

hereafter, with the structure (E)-3-(furan-2-yl)-N-(4-

sulfamoylphenyl)acrylamide (Fig. 1), that can suppress

both ATP hydrolysis and dsDNA unwinding activities of

SCV helicase. Moreover, FSPA does not have significant

cytotoxic effect on human WI-38 cells. 

The SCV helicase expression vector was transformed in

E. coli and overexpressed, and the protein was purified as

described previously [18]. We measured the ATP hydrolysis

activity of the purified helicase by monitoring the released

inorganic phosphate [19]. Based on the fact that SCV helicase

hydrolyzes the ATP substrate during the translocation

on ssDNA M13, we were able to screen the chemical

compounds that inhibit the function of ATP hydrolysis. A

25 µl solution containing 400 nM SCV helicase and 0.5 µl of

various concentrations of FSPA in 50 mM Tris-HCl (pH 6.6)

buffer was mixed with an equal volume of solution

containing 100 mM NaCl, 10 mM MgCl2, 4 mM ATP, and

4 nM circular ssDNA M13 in 50 mM Tris-HCl (pH 6.6)

buffer in the well of a 96-well plate. The total 50 µl solution

was incubated for 10 min at 37°C and the reaction was

stopped by adding 200 µl of AM/MG reagent (0.034%

malachite green, 1.05% ammonium molybdate, and 0.04%

Tween 20 in 1 M HCl). The released inorganic phosphate

complexed with AM/MG reagent developed a deep blue

color, which was measured at 620 nm. The accurate amount

of inorganic phosphate was calculated by a standard curve.

Fig. 2A shows the inhibition percentage of ATP hydrolysis

in the presence of various concentrations of FSPA. After

fitting the curve, IC50 value of FSPA was determined to be

2.09 ± 0.30 µM. Further experiments were carried out to

investigate the dsDNA unwinding by SCV helicase in the

presence of FSPA. DNA unwinding experiment was

designed on the basis of fluorescence resonance energy

transfer (FRET). Two different fluorescent dyes, fluorescein

(FAM) and carboxytetramethylrhodamine (TAMRA), are

labeled to each strand of the dsDNA. When the two DNA

strands are annealed by base pairing, no fluorescence is

detected because a constant FRET occurrs between FAM

and TAMRA. However, this FRET is lost when the

annealed dsDNA is unwound by helicase. Using this

experimental approach, dsDNA unwinding was measured

in the presence of FSPA. Briefly, the 3’-terminus TAMRA-

modified oligomer (45-base-oligomer) was annealed to the

5’-terminus FAM-modified oligomer (25-base-oligomer),

which produced a partial annealed dsDNA substrate

containing 25 base pairs and a single-stranded 20 dT

overhang at the 5’-terminus as described previously [19]. A

80 µl solution containing 150 nM SCV helicase and 1 µl of

various concentrations of FSPA in 20 mM HEPES (pH 7.4)

was mixed with a 20 µl solution containing 5 mM MgCl2,

45 mM ATP, 25 mM DTT, and 100 nM dsDNA substrate in

20 mM HEPES (pH 7.4) buffer in the well of a 96-well plate.

After 2 min incubation at 37°C, the dsDNA unwinding

reaction was terminated by adding a 100 µl solution

containing 0.1 M EDTA and 0.4 µM trap DNA (unmodified

Fig. 1. Chemical structure of (E)-3-(furan-2-yl)-N-(4-

sulfamoylphenyl)acrylamide.

Fig. 2. Percentage inhibition of SCV helicase by (E)-3-(furan-2-yl)-N-(4-sulfamoylphenyl)acrylamide. 

(A) ATP hydrolysis activity. (B) dsDNA unwinding activity.



2072 Lee et al.

J. Microbiol. Biotechnol.

25 bases oligomer) in 20 mM HEPES (pH 7.4). The trap DNA,

which was added excessively compared with the amount

of dsDNA substrate, was used to prevent reannealing

between the two fluorescent dye-labeled DNA strands. The

fluorescence signal was monitored by measuring at 535 nm

after the mixture was excited at 485 nm. Fig. 2B shows the

inhibition percentage of dsDNA unwinding in the presence

of various concentrations of FSPA. After fitting the curve,

the IC50 value of FSPA was determined to be 13.2 ± 0.9 µM.

Finally, we examined the cytotoxicity of FSPA using WI-38

cells (human fetal lung cells). The cells were maintained at

37°C in an incubator with atmosphere of 5% CO2 and

cultured in DMEM containing 10% heat-inactivated fetal

calf serum, 1% non-essential amino acid, streptomycin

(100 µg/ml), and penicillin (100 units/ml). After 24 h

incubation with starting 6 × 104 cells/ml density in a 96-

well plate, final 3-40 µM concentrations of FSPA were

added to the cells. We further incubated the cells for 48 h, and

then 50 µl of 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium

bromide (MTT) stock solution (2 mg/ml) was added to

each well to make a total reaction volume of 250 µl. After

2 h incubation, the supernatant was discarded and the

produced formazan crystal was dissolved in 150 µl of

dimethyl sulfoxide. The developed purple color was

monitored by measuring the absorbance at 540 nm using a

scanning multiwell spectrophotometer. As shown in

Fig. 3, FSPA does not have significant cytotoxicity at any

concentration tested. 

In conclusion, we have identified FSPA as a novel

chemical inhibitor in this study, as an ongoing effort to

discover new small molecules that suppress the activity of

SCV helicase. In fact, we have previously reported that aryl

diketoacids and dihydroxychromone derivatives block

only dsDNA unwinding, not ATP hydrolysis activity of

SCV helicase [13, 16]. On the other hand, in the cases of

myricetin and scutellarein, as a result of natural compounds

screening, only ATP hydrolysis was inhibited without

affecting the dsDNA unwinding activity [17]. However, the

reason for this discrepancy is not clear at present.

Interestingly, FSPA, the topic of this study, was able to

inhibit both activities. Due to the absence of three-

dimensional structure information about SCV helicase, as

of yet, it is also hard to explain how FSPA elicits the

inhibitory effect on the activity of SCV helicase. A more

detailed molecular simulation analysis will be necessary to

understand the inhibitory mechanism of each molecule. It

is also noted that FSPA resulted in an over 93% cell

viability of the human fetal lung cell line up to the 40 µM

concentration used, indicating that the compound has no

significant cytotoxicity. Collectively, we propose that FSPA

has great promise for use as an anti-SARS agent, although

future in vivo studies would be necessary. 
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