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Biological context lysozyme family; the principal structural constituents
are foura-helices, three anti-parall@-strands, and
The molten globule state of a protein has been ex- four disulfide bonds. It also revealed that a segment
tensively studied for the members of the lysozyme from Asp?® to Asp’ of CML constructs a C# -
family (e.g., lysozyme from chicken and turkey hen binding loop, whose structural motif is similar to the
egg, lysozyme from human and equine milk, and EF-hand (Koshiba et al., 2000). The NMR structural
lactalbumin from bovine, human, goat and guinea-pig determination is expected to provide crucial informa-
milk) (Kikuchi et al., 1998; Koshiba et al., 2000). tion about the influence of G&-binding on molten
These studies help to clarify the mechanism of the globule formation. However, the NMR solution struc-
structural folding of a protein. However, its rele- ture has only been determined for chicken hen egg
vance to the Ci-binding is not understood well.  white lysozyme (HEL) among the lysozyme family
Canine milk lysozyme (129 amino acid residues, (Smith et al., 1993). Here we report the 2D- and 3D-
M, = 14.5 kDa; denoted as CML) is a new member NMR-based resonance assignments of CML in the
of the lysozyme family which affords to bind 1 mol of apo- and C&"-bound (holo) states, which will lead to
C&t with high affinity (kg ~ 10 wM) (Kikuchi et al., determination of the detailed differences in structural
1998). Study revealed that CML possesses a moltenconstruction of CML between the two states, and its
globule state at neutral pH in the presence of chemical relevance to the formation of the molten globule.
denaturant (e.g. guanidine-hydrochloride) only when
it takes a C&t-free (apo) form. Hence, CML is re-
garded as a good model to provide information about Methods and experiments
the C&*-induced effect on the molten globule state.
Within the lysozyme family, equine milk lysozyme 1°N- and3C/A°N-labeled CML with a Ser residue at-
(EML) and bovinea-lactalbumin (BLA) each bind  tached at the N-terminus was prepared as described
1 mol of C&* ion, similar to CML. The former ex-  previously (Koshiba et al., 2000). For NMR experi-
hibits 82% amino acid sequence homology to CML, ments, the CML sample was dissolved in®con-
while the latter shows only 37% sequence homology. taining 10% of BO (1-1.5 mM); the pH was adjusted
A recent determination of the crystal structure of apo to 4.5 by NaOD and DCI. 10 mM of EDTA and CaCl
CML in the native state (Koshiba et al., 2000) re- were added so as to prepare the samples of apo- and
vealed that the overall structural motif of apo CML holo-CML, respectively. A standard set of 2D- and
is not distinguishable from that of a member of the 3D-NMR spectra (Cavanagh etal., 1996) was acquired
for the spectral assignment of thel, 13C and 15N
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Figure 1. Plot of the chemical shift difference of canine milk
lysozyme between the apo- and holo-states &Q®apo — 3holo)

for (a) HN-resonances and (BfN-resonances. A large chemical
shift change was observed for HN-proton (0.527 ppm) AN
(6.28 ppm) resonances of A¥p

apo-CML was carried out at 2@« because of its low
thermodynamic stability at 3TC.

All the 2D- and 3D-NMR data were processed
using NMRPipe (Delaglio et al., 1995) and XEASY
(Bartels et al., 1995) software.

Extent of assignments and data deposition

Assignment of all the backbone HN- antPN-
resonances of apo- and holo-CML atZDwas com-
pleted except for Asp and Se¥2. In addition, all
the 13C*-, 13CP-, and H-resonances of holo-CML
were assigned at 3C except for thé3C*- and3CF-
resonances of S&; AsrfC, and Seft!, and thel3CP-
resonances of S&rand VaP® These chemical shift

most identical with each other (withi/— 0.1 ppm)
except for Phg Lelf?, CySl, Asrf? and Asp?
(Figure 1). The good consistency is also identified
for the 1°N-resonances between apo- and holo-CML,
except for Asgl. The residues that show large chem-
ical shift changes between the two states @ys
Asrf? and Asp?) are found to be located around the
Cé&t-binding site of CML, suggesting that a local
Ca*-induced structural change occurs in CML by
the C&+-binding. Furthermore, it appeared that the
amide proton of Aspt resonates at extremely low field
in the holo state (10.12 ppm) and in the apo state
(9.59 ppm). Such a low-field shift is also identified for
the HN-resonance of the equivalent residue @&sp

of EML (9.94 ppm) (Morozova-Roche et al., 1997)
and BLA (10.44 ppm) (Forge et al., 1999). Again,
these two proteins can bind 1 mol of &asimilarly to
CML. In contrast, HEL and human lysozyme, which
have no ability to bind C& (Redfield and Dobson,
1990), do not show such low-field shift of the HN-
resonance (7.79 and 7.68 ppm, respectively). These
data suggest that the manner of hydrogen-bonding of
the amide group of AsP is highly correlated with
the C&+t-binding property of the lysozyme family. A
more detailed structural study on CML in the apo- and
holo-states is currently in progress on the basis of the
present NMR assignment.
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