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ATP-dependent functional domain motion of multi-domain protein MurD
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In structural biology, precise determina-
tion of three-dimensional structures of pro-
teins has been focused, and the structures
with an atomic-resolution have given solid
platforms to understand their biological
functions. Some proteins constitute multi-
domains, and each domain is considered
relatively rigid, while the linkers between
domains brings flexibility of the molecule.
It is thought that dynamical structures of
multi-domain proteins link to function-
ally relevant phenomena, such as enzyme
catalysis. Some domain motions have been
explored on nanometer and nanosecond
scales, where neutron spin echo (NSE)
spectroscopy plays unique roles.

MurD (UDP-N-acetylmuramoylalanine–
D-glutamate ligase) is a typical multi-
domain protein, which is one of the ATP-
driven Mur ligases that are responsible
for peptidoglycan biosynthesis. The crys-
tal structures of MurD have suggested that
one of the three domains of MurD, D3,
undergoes drastic conformational change
from open to closed state upon ligand bind-
ing, which should control the process of
the enzymatic reaction. Our recent molecu-
lar dynamics (MD) simulation showed two
modes for the conformational change of
D3; one“ open-to-closed” and the other
“ rotation”. The recent NMR results sug-
gest that the protein domain motions are
significantly suppressed upon ligand bind-
ing and the proteins take a unique confor-
mation, but no other experimental verifica-
tion has been shown yet.
In this experimental report, we focus our

attention on the observation of the effect
of ligand binding on the domain motions
of 47 kDa multi-domain protein MurD by
NSE. If we successfully observe the ligand-
binding related domain motions, we can
understand the role of domain motions in
biologically relevant functions. The experi-

ments were carried out using NSE at NIST
in USA.
We measured NSE of MurD in the ligand-

bound and unbound states at a fixed tem-
perature of T = 25 degrees C at about
60mg/ml. An incident neutron wavelength
of 6, 8 and 11 angstroms was used to cover
fourier times up to 100 ns in a q-range
from 0.05 to 0.25 inverse angstroms. Inter-
mediate scattering functions for both states
were successfully obtained (Fig.1). The ef-
fective diffusion constants (Deff) were ob-
tained by exponential fittings at each q.
Deff should include translational and rota-
tional diffusion as well as internal domain
motions. The detail analysis on the ligand-
bind dependent dynamics of MurD is on
progress. We are trying to analyze the NSE
data combined with computational analy-
sis to observe the functional domain mo-
tions of MurD.

Fig. 1. Intermediate scattering function of ligand-
bound MurD. Solid lines indicate the exponential
fitting.
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