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COMMENTARY

Dynamism in Molecular Chaperones

Molecular chaperone proteins are involved in a
wide range of tasks ranging from facilitating protein
folding to general protein stabilisation. A major
family of chaperones is the small heat-shock proteins
(sHsps).! sHsps have attracted less research interest
than the other chaperones despite their ubiquitous
presence in all organisms and their significantly
enhanced expression under conditions of cellular
stress, for example, elevated temperature. A variety
of factors have contributed to this sidelining. Firstly,
sHsps are not involved in the highly topical task of
protein folding. Rather, they have a primary role in
preventing protein aggregation whereby, under
stress conditions, they mteract with partially folded
states of target proteins.'” Secondly, there is a
paucity of structural data relating to sHsps, partic-
ularly the mammalian forms, because of their
inherent polydispersity (which leads to a wide
range of oligomer stoichiometries) and their dynam-
ic nature coupled with large segments of their
polypeptide chain being unstructured and flexible.
As a result, there is no X-ray crystal structure of any
mammalian sHsp, although recently, crystal struc-
tures have become available for the central, con-
served, dlmerlc and mostly R-sheet “a-crystallin”
domain.”* In contrast to the a- crystallin domain, the
N- and C-terminal flanking regions are mostly
unstructured with the last 12 amino acids in the
archetypical sHsp, aB-crystallin, for example, being
highly mobile.” Recent complementary NMR, elec-
tron microscopy and small-angle X-ray scattering
studies have produced K quaternary structural
model for aB-crystallin.®” However, none of these
studies have provided a definitive rationale as to
how sHsps achieve their polydispersity. Indeed, the
functional role of this property, along with the
associated subunit exchange,” in sHsp chaperone
action is not clear. Since sHsps are associated with
many diseases involving protein misfolding and
aggregation (e.g., cataract, Parkinson's disease,
Alzheimer's disease, Huntmgtons disease and
Creutzfeldt-Jakob disease),” understanding such
processes may have direct applications in, for
example, the development of therapeutics for their
treatment.

Two papers in this issue, both by Baldwin et
al., 1911 provide significant insight into the mecha-
nism of aB-crystallin polydispersity and subunit
exchange. Via the use of state-of-the-art mass
spectrometry (MS) and NMR spectroscopy, the
physical basis for the polydispersity of aB-crystallin
has been explained along with the role of the C-
terminal region in thls process.

In the first paper, '’ MS was used to determine the
oligomeric distribution and subunit exchange rate of
aB-crystallin over a range of pH and temperature
values. As a result, the thermodynamic and kinetic
parameters that regulate such processes were eluci-
dated. Importantly, the polydispersity of aB-crystallin
can be explained simply by the association and
dissociation of monomers, a process that is indepen-
dent of the size of the oligomer. The oligomeric
distribution of aB-crystallin is an interplay between
intra-dimer and inter-dimer interactions. Destabili-
sation of the dimer interface occurs at low pH and
upon phosphorylation of aB-crystallin at various
sites in its N-terminal domain. This is compensated
for by stabilisation of inter-dimer interactions, which
leads to overall conservation of the free energy of the
system. The functional role of the extensive phos-
phorylation of aB-crystallin (and other sHsps) in vivo
has provided much conjecture, the effects of which
modify aB-crystallin chaperone ability.'* Thus, the
interplay between intra-dimer and inter-dimer in-
teractions may be the regulator of chaperone action
rather than dissociation of the dimer from the
oligomer, as had been implied previously.”

The second paper'' describes the use of a variety
of solution-state NMR spectroscopic techniques
(e.g., methyl-transverse relaxation optimised spec-
troscopy, pulsed field gradient NMR, covalent
addition of paramagnetic probes and relaxation
dispersion measurements) to examine the role of the
C-terminal region of aB-crystallin in regulating
inter-subunit interactions. It was concluded that
each aB-crystallin monomer donates and receives
one extended C-terminus during oligomeric forma-
tion with C-terminal fluctuations on a millisecond
timescale regulating subunit exchange by mono-
mers. During chaperone action, the fluctuations may
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also regulate access to the target protein bindin
sites. The conserved IXI/V sequence (1159 to 1161 in
aB-crystallin) in the unstructured C-terminal region
is dynamic and is not responsible for regulating
inter-dimer interactions in contrast to the conclu-
sions from solid-state NMR® and crystallographic*
studies in which this region is immobilised by lying
within a hydrophobic groove in an adjacent dimer.
Thus, inter-dimer interactions primarily arise from
other regions in aB-crystallin.

Finally, from the MS and NMR data, an energy
profile was generated for aB-crystallin monomer
dissociation from the oligomer. In a broader context,
Baldwin et al.'s novel approach of using a combina-
tion of MS and NMR to generate detailed structural,
thermodynamic and kinetic information about the
aB-crystallin oligomer potentially can be applied to
other heterogeneous and dynamic protein systems.
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