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ical studies have contributed to the in-depth characterization of
Abstract CoV nsps in general and those of SARS-CoV in particular [7].
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(reviewed in [2]). In the years following the 2003 SARS outbreak, Although the ® ends of SARS-CoV mRNAs have not been
bioinformatics, structural biology, (reverse) genetics and biochencharacterized yet, they are assumed to carry a cap structure. This

PLoS Pathogens | www.plospathogens.org 1 April 2010 | Volume 6 | Issue 4 | e1000863












A m nsp10 + nsp16 o nspi14

150

100

B[ |

]
1,3,5,.7,9,., 11 43,,15 .17

Relative MTase Activty (%)

27476 8 10 12713 716
B v nsp10 + nsp16 o nspl14
< 120
>
2 100
:E i vy
2 80 iy T
9 {
@ 60 L
i
2 40t
2 IC50:
% 20 nsp14: 16 yM +1.2
X | nsp10/nsp16: 12 uM + 1.9 S
0.01 0.1 1 10 100 1000
AdoHcy (uM)
C v nsp10 + nsp16 o nspl4
120 P P P

40 | .
IC50 : 3
20 nspT4:496 nM + 18\ %
0 | nsp10/nsp16: 736 NM+71

1 10 100 1000 104 q¢°

Relative MTase Activity (%)
()]
o

Sinefungin (nM)

v nsp10 + nsp16 o nspl14

120
100

80
60
40

"1Cs0 :
20 | nsp14 :6.4uM + 0.7
0 Lnsp14/nsp16: 2.1uM + 0.2

Relative MTase Activity (%)

1 10 100 1000 10% 10° 10®

ATA (nM)

Figure 5. Inhibition of the nspl4 and nspl6/nspl0 MTase
activities. Nsp14 (50 nM) and nsp16/nsp10 (200 nM/1.2 mV) were
incubated with GpppACs (in grey) and "M°GpppACs (in black),
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respectively, in order to measure the methyl transfer to the RNA
substrates by filter-binding assay (see Materials and Methods). Panel A:
Methyl transfer was measured at a final concentration of 100 nM of
each inhibitor candidate. The outcome of the control reaction in
absence of inhibitor and at 5% of DMSO was set to 100%. The mean
value of three independent experiments is given. 1: control, 2: AdoHcy,
3: sinefungin, 4: SIBA (59-S-isobutylthio-59-deoxyadenosine), 5: 3-deaza-
adenosine, 6: MTA (59-deoxy-59-methylthio-adenosine), 7: 29,39,59-tri-O-
acetyl-adenosine, 8: S-59-adenosyl-L-cysteine, 9: GTP, 10: "M°GTP, 11:
ribavirin, 12: ribavirin-triphosphate, 13: EICAR-triphosphate, 14: GpppA,
15: 7MeGpppA, 16: ATA, 17: adamantane-analog (N-({[3-(4-methylphe-
nyl)-1-adamantyllamino}carbonyl)phenylalanine). Panels B, C and D:
Dose-response curves and ICsy values of inhibitors AdoHcy, sinefungin
and ATA, respectively. The results of three independent experiments are
given. Standard deviations are shown for concentrations that were
tested three times. IC5q values were calculated as described in Materials
and Methods.

doi:10.1371/journal.ppat.1000863.9005

Discussion

Enzymatic activities postulated to be involved in the SARS-CoV
RNA capping pathway were previously documented for the
ORF1b-encoded replicase subunits nsp13 (RNA 59- triphospha-
tase/helicase [13]) and nspl4 (N7-MTase [17]). Thus far, the
predicted 290-MTase activity of nspl6 [3,19] could only be
verified for FCoV nspl6 [18]. Surprisingly, SARS-CoV nspl6
290-MTase failed to exhibit activity under a wide range of
experimental conditions, including those used for FCoV nspl6
(not shown). In this study, we have characterized the MTase
activities of both SARS-CoV nspl14 and nspl6, and in particular
established that the i vitro activity of SARS-CoV nspl6 critically
depends on the presence of nspl0. The latter had no known role
or function, but was previously shown to interact with both MTase
proteins nsp14 and nsp16 [35,36].

Here, we show that the nspl4 AdoMet-dependent MTase
activity can methylate GpppACs RNA, but not a "MGpppACs
substrate, indicating that nsp14 specifically targets the N7-position
of the guanine residue in the cap structure. This was verified using
a substrate mimicking the capped 59 end of the SARS-CoV
genome. Nuclease P1 enzymatic digestion and TLC analysis
confirmed the position of methylation by nsp14; and mutagenesis
of a predicted AdoMet binding site residue abolished N7-MTase
activity. We therefore conclude that nspl4 alone can act as an
AdoMet-dependent MTase that specifically targets the N7-
position of the cap structure, thus converting GpppRNA into
"MeGpppRNA. These results confirm and extend the recently
described observations on the cap N7-MTase activity of SARS-
CoV nspl4 in vitro and in a yeast-based complementation system
[17].

In contrast to nspl4, bacterially expressed SARS-CoV nsp16 is
less stable, reluctant to crystallization (not shown), and inactive on
™eGpppRNA and GpppRNA in our i vitro assays. We report
here that SARS-CoV nspl6 forms a complex with nspl10 that is
endowed with robust and long-lived MTase activity. In contrast,
FCoV nspl6 by itself was shown to possess 290-MTase activity
under similar reaction conditions, but at much higher enzyme
concentration (SARS-CoV: 200 nM; FCoV: 3 nM [18]). This
suggests that FCoV nspl6 might also need FCoV nspl0 for its
proper activation. As in the case of FCoV nspl6, SARS-CoV
nspl6 in the presence of nspl0, specifically methylates capped
RNAs carrying a methyl group at the N7-guanine position,
allowing the conversion of cap-O into cap-1 structures. Using
™MeGpppAG-RNA corresponding to the 59 end of the SARS-CoV
genome, we have confirmed that nspl0/nspl6 catalyzes the
transfer of a methyl group from the AdoMet donor to the 290-
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