
Letter to the Editor:
1
H,

13
C, and

15
N resonance assignments of the

N-terminal domain of the SARS CoV nucleocapsid protein

Nan Zhonga,b, Qing Huanga,c, Changwen Jina,b,c & Bin Xiaa,b,c,*
aBeijing Nuclear Magnetic Resonance Center, bCollege of Chemistry and Molecular Engineering and
cCollege of Life Sciences, Peking University, Beijing 100871, P.R. China

Received 15 November 2004; Accepted 18 November 2004

Key words: NMR resonance assignments, nucleocapsid, SARS coronavirus

Biological context

The severe acute respiratory syndrome coronavi-
rus (SARS-CoV) was identified as the pathogenic
agent for the worldwide outbreak of SARS in
2003. The virion of SARS encodes four struc-
tural proteins: spike (S), envelope (E), matrix
(M), and nucleocapsid (N) (Rota et al., 2003). In
coronavirus the N protein is involved in the pro-
cess of virus particle assembly and release, and it
is believed to envelope the entire genomic RNA
and interact on other important virion structural
proteins (Lai and Cavanagh, 1997). The N pro-
teins are representative immunogens in several
other coronaviruses, such as murine coronavirus,
Turkey coronavirus, and porcine reproductive
and respiratory syndrome coronavirus. SARS N
protein antibody was demonstrated to be
extraordinarily sensitive and specific for reliable
SARS diagnosis (Timani et al., 2004). Moreover,
as SARS N protein contributes to the RNA
assembling process and may serve as a transla-
tion enhancer which leads to selective translation
of virus genes during infection and replication, it
seems to be a potential target for SARS-related
drug design. The structure of the SARS N pro-
tein RNA-binding domain (residues 49–178) has
been determined (Huang et al., 2004). Obviously,
the structure of the full length N-domain will
give a more precise view of its tertiary structure
and biological function. Here we present nearly

complete 1H, 13C, and 15N resonance assignments
of the backbone and side chain of SARS N
protein.

Methods and results

The gene encoding the N-terminal domain (1–
179 residues) of SARS-CoV N protein was
cloned into pET-21a Vector (Novagen, Madison,
WI). The recombinant plasmid was then trans-
formed into E. coli BL21 (DE3)/pLysS cells. The
bacteria were cultured overnight at 35 �C in
50 ml Luria–Bertani broth (LB) medium with
100 mg/l ampicillin and 35 mg/l chloramphenicol.
Then they were transferred into 1 l LB medium
with antibiotics. When the OD600 of the culture
reached 0.6, the bacteria were harvested by cen-
trifugation at 2000 g for 8 min and then resus-
pended in 500 ml 15N-labeled or 13C/15N-labeled
or 2H/13C/15N-labeled M9 medium (Marley et
al., 2001). One hour (for 15N and 13C/15N-labeled
medium) or 2 h (for 2H/13C/15N-labeled medium)
later, the bacteria were induced with isopropyl-
beta-DD-thiogalactopyranoside (IPTG) at a con-
centration of 100 mg/l. After 6 h induction, the
cells were harvested by centrifugation at 8000 g
for 15 min and resuspended in 50 mM Tris–HCI
buffer (pH ¼ 7.0). The protein was purified with
cation exchange chromatography followed by gel
filtration. SDS-PAGE showed that the protein
purity was over 90%. Uniformly 15N-labeled,
15N/13C-labeled, and 2H/15N/13C-labeled NMR
samples at about 1 mM concentration were
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prepared in buffer containing 20 mM potassium
phosphate (pH 7.0), 20 mM sodium chloride,
1 mM EDTA, 0.05% NaN3 in 90% H2O/10%
D2O, plus Complete, EDTA-free Protease Inhibi-
tor Cocktail (Roche, Germany).

All NMR spectra were recorded at 298 K on
Bruker Avance 500 MHz (with cryoprobe), 600,
or 800 MHz NMR spectrometers. Backbone
assignments were obtained using 2D 15N edited
HSQC spectrum, and 3D triple resonance experi-
ments HNCA, HN(CO)CA, HN(CA)CB,
HN(COCA)CB, HNCO, and HN(CA)CO with/
without deuterium decoupling for triple-labeled
and double-labeled samples, respectively. Side
chain assignments were obtained from 2D 13C
edited HSQC spectrum, and 3D HBHA(CBCA)-
CONH, HC(C)H-COSY, HC(C)H-TOCSY, and
(H)CCH-TOCSY. All spectra were processed
with NMRPipe (Delaglio et al., 1995), and ana-
lyzed by NMRView (Johnson and Blevins, 1994).
All 1H dimensions were referenced to internal
DSS, whereas 13C, 15N dimensions were indi-
rectly referenced to DSS (Wishart et al., 1995).

Extent of assignments and data deposition

Backbone NH resonances were assigned for 159
of the 163 non-proline residues (97%) (Figure 1).

The unassigned non-proline residues are: S8, N9,
Q164, and G165. 97% of the Ca, 97% of the Cb,
and 95% of the Ha and Hb resonances in the
protein have been unambiguously assigned. In
total, more than 90% of aliphatic side-chain 1H
and 13C resonances were assigned. The 1H, 13C,
and 15N chemical shifts have been deposited in
the BioMagResBank (http://www.bmrb.wisc.edu)
under accession number 6372.
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Figure 1. 2D 1H{15N} HSQC (800 MHz) spectrum recorded on
[U-15N, 13C] N-terminal domain of SARS nucleocapsid protein
at pH 7.0 and 298 K. The sidechain NH2 resonances of Asn and
Gln residues are connected by lines. Assignments of signals in
the center boxed region are shown in the upper left box.
Backbone NH signal from Gly125 is shown separately in the
lower right box.
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