
Journal of Biomolecular NMR 28: 87–88, 2004.
KLUWER/ESCOM
© 2004 Kluwer Academic Publishers. Printed in the Netherlands.

87

Letter to the Editor: 1H, 13C and 15N resonance assignments for the
N-cadherin prodomain

Alexander W. Kocha,b, Amjad Farooqc, Lei Zengc, David R. Colmana,b,d & Ming-Ming Zhouc,∗
aFishberg Research Center for Neurobiology, bDepartment of Biochemistry and Molecular Biology, cStructural
Biology Program, Department of Physiology and Biophysics, The Mount Sinai School of Medicine, New York Uni-
versity, 1425 Madison Avenue, New York, NY 10029, U.S.A.; dMontreal Neurological Institute, McGill University,
Montreal, Quebec H3A 2B4, Canada

Received 7 May 2003; Accepted 11 June 2003

Key words: cell-cell adhesion, N-cadherin, NMR resonance assignment, prodomain

Biological context

Cadherins are a large family of membrane-associated gly-
coproteins that mediate Ca2+-dependent cell-cell adhesion
in vertebrates and invertebrates. Differential expression of
cadherins is important for the development of tissues and
organs and for tissue integrity. Consequently, cadherins are
involved in cellular adhesion processes ranging from em-
bryogenesis to the formation of neural circuits in the CNS
(Tepass et al., 2000). Cadherins also play dominant roles
in pathological conditions where cell adhesion is altered or
impaired. For example, loss of, or a switch in cadherin sub-
type expression has been attributed to tumor malignancy in
many cancers (Cavallaro et al., 2002). The cadherin super-
family can be subdivided into six subfamilies; classical (type
I) cadherins, type II cadherins, desmocollins, desmogleins,
protocadherins, and cadherin-related proteins (Nollet et al.,
2000). Classical cadherins consist of five extracellular cad-
herins domains, a single transmembrane helix and a highly
conserved cytosolic domain. These cadherins have mainly
homophilic interaction activity (Koch et al., 1999), thus
providing cells with homotypic adhesion (Takeichi, 1988).
Classical cadherins are synthesized on rough ER as pre-
cursor proteins with large prosequences prior to their N-
terminal cadherin domains. These prosequences have to be
cleaved off to activate cadherins for adhesion (Ozawa, 2002;
Ozawa and Kemler, 1990). To understand the structural
basis for activation of classical cadherins by prosequence
removal, we use heteronuclear multidimensional NMR tech-
niques to determine the three-dimensional structure of a
prototypic cadherin prosequence from N-cadherin. Dur-
ing these studies it became apparent that the N-cadherin
prosequence constitutes a folded protein domain and was
therefore termed N-cadherin prodomain (NPro). Here, we
report the sequence-specific backbone and side-chain 1H,
13C and 15N resonance assignments of NPro.
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Methods and results

The N-cadherin prodomain construct (NPro) encoding the
entire prosequence of N-cadherin without the signal pep-
tide (residues Glu24 to Arg159) was subcloned into a
pET-19b expression vector (Novagen) and overexpressed
in E. coli BL21(DE3) cells at 25 ◦C. Uniformly 15N- and
15N/13C-labelled NPro samples were prepared by growing
bacteria in minimal medium containing 15NH4Cl (1 g/l)
with or without 13C6-glucose (2 g/l). Uniformly 15N/13C-
labelled and fractionally deuterated protein samples were
prepared by growing bacteria in 75% 2H2O. Soluble pro-
teins were purified by Ni2+-NTA affinity chromatography
(Qiagen), followed by extensive dialysis and gel filtra-
tion chromatography (Superose 12/20, Amersham). Protein
samples were concentrated (typically 0.8–1 mM) and dia-
lyzed. The final NMR protein samples were in 50 mM
sodium phosphate buffer (pH 6.0), containing 0.05% so-
dium azide (w/v), in H2O/2H2O (9/1) or in 2H2O. Purity
and correct size of NMR samples was judged by SDS-
PAGE, mass spectrometry, and N-terminal sequencing (Pro-
tein Core Facility, Columbia University, New York). All
NMR experiments were conducted at 35 ◦C on a 500 MHz
or 600 MHz Bruker DRX NMR spectrometer equipped
with four RF channels and a triple-resonance probe with
triple-axis pulsed field gradients. The NMR spectra were
processed with NMRPipe/NMRDraw (Delaglio et al., 1995)
and analyzed by using NMRView (Johnson and Blevins,
1994). The backbone resonances of NPro were sequen-
tially assigned using deuterium-decoupled 3D triple reson-
ance spectra of HNCACB, and HN(CO)CACB, recorded on
uniformly 15N/13C-labelled and fractionally deuterated pro-
tein samples (Sattler et al., 1999; Yamazaki et al., 1994).
To aid backbone assignment 15N-HSQC spectra of pro-
tein samples prepared from media with selectively labeled
amino acids (15N-Leu, -Val, -Glu, or -Phe) were also recor-
ded. The side-chain 13C atoms were assigned using a 3D
(H)C(CO)NH-TOCSY experiment (Sattler et al., 1999) re-
corded on the 2H(75%)/13C/15N-labeled sample. Side chain
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Figure 1. NMR spectral analysis of the N-cadherin prodomain. (a)
A central region of 2D 1H-15N HSQC spectrum of the protein col-
lected at pH 6.0 and 37 ◦C, showing amide resonances of selected
residues. The assignments are annotated by the resonance peaks. (b)
Chemical shift index plot for the backbone Cα and Hα atoms as a
function of protein chain length.

1H resonances were assigned using a 3D HCCH-TOCSY
spectrum (Sattler et al., 1999) using a fully protonated
13C/15N-labeled sample in 2H2O, and confirmed with a 3D
15N-edited TOCSY-HSQC experiment. The side chain 1H
and 13C resonances for aromatic residues were assigned us-
ing a combination of 2D 1H NOESY and TOCSY in addition
to CT-13C HSQC and 3D HCCH-TOCSY recorded in the
aromatic carbon region.

Extent of assignments and data deposition

Apart from the unstructured C-terminal region (residues
131–159), backbone assignment of 1HN, 15N, 13Cα, and
13Cβ atoms for over 95% of the residues was obtained. As-
signment for the C-terminal region proved difficult due to
largely too poor chemical shift dispersion and line broad-
ening in the NMR spectra. Since this region also lacked
discernable long-range NOEs, it was deemed unstructured.
Figure 1A shows a region of the 2D 1H-15N HSQC spec-
trum for NPro at pH 6.0 and 30 ◦C. Excluding the un-
structured C-terminal region, the side chain 1H and 13C
resonance assignments were obtained for about 90% of

the residues. Deviations of the 13Cα and 1Hα chemical
shifts from random coil values (Wishart et al., 1995), and
characteristic sequential and medium range NOEs patterns
indicate that the structured region of NPro consists entirely
of β-strands and loops. A table of the 1H, 13C and 15N
chemical shift assignments of NPro has been deposited in
the BioMagResBank (http://www.bmrb.wisc.edu) under the
accession number 7736.
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