the ab initio calculations confirm the double
coordination for HCI. Beyond that, they
reveal fascinating details of the role of the
hydrogen-bond coordination of the acceptor
H,O molecule: only a recipient H,0 that has
not already accepted another hydrogen bond
(a two-coordinated dangling-O molecule,
meaning it has formed two OH donor hydro-
gen bonds) is able to induce both the large
vibrational frequency shift in the second step
and proton transfer in the third step. An H,O
molecule that is already three-coordinated is
aweaker proton acceptor than a two-coordi-
nated dangling-O water molecule and does
notinduce proton transfer.

The concept of hydrogen-bond coordina-
tion numbers helps us to understand proton
transport in water. The simplest view of a
hydrated proton is the H;O ™ ion, which has
an average coordination number of three.
But H,O molecules have an average coordi-
nation number of almost four. Recent theory
has focused on the interplay? between the
triply coordinated hydronium H,O" (H,0),
(the ‘Eigen cation”) and H;O,* (the ‘Zundel
cation’). In the latter, the proton is bound
between two water moleculeswith ‘stretched’
bonds. The result is a strongly shifted and
wide infrared absorption band, as observed
in acid hydrates and concentrated acid
solutions. This characteristic continuum is
evident in the spectra of Devlin et al., and
signals the fourth step of HCI dissociation —
the surface diffusion of the proton with
transient formation of the H;O, " cation.

In the Grotthus model of aqueous proton
transport, H,O* transfers one of its protons
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to a recipient H,0O molecule in its first
coordination shell, which thereafter passes a
different proton to a further recipient water
molecule, and so on. For the recipient H,O to
becomeathree-coordinated H;O* ion, ithas
to change from the average hydrogen-bond
coordination number of four to only three.
Some have speculated? that the rate-limiting
stepinvolvesthe breakingofan Hbond to the
Oatom of the recipient H,O molecule before
the proton transfer. This is supported by
classical and quantum molecular dynamics
simulations?*®. The need for the recipient
H,O molecule to have a lower than usual
hydrogen-bond coordination number is
exactly analogous to the role of the two-
coordinated dangling-O molecule on the ice
surface inthe work of Devlinetal.

These new insights into the role of local
hydrogen-bond coordination numbers in
HCI should improve our understanding
more generally of proton-transfer reac-
tivities and the complex dynamics of
biochemical systems. m
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Small drugs lead the attack

Leslie Iversen

Many human disorders — a well-known example being Alzheimer’s disease
— are characterized by the misfolding and aggregation of key proteins.
New small-molecule drugs may help to destabilize these aggregates.

colleagues® describe a new pharmaco-

logical approach to treating human
amyloid diseases. These often devastating
disorders range from type Il diabetes to
Alzheimer’s disease, and involve the
abnormal folding of usually soluble proteins
into an insoluble, tightly packed shape
known as a B-sheet. This causes the proteins
to be deposited outside cells and form aggre-
gates called amyloid deposits that lead to
tissue damage and, ultimately, to death of the
patient. Several human proteins can under-
go such a transformation; in Alzheimer’s
disease, for instance, the accumulation in the
brain of insoluble aggregates of the
amyloid-B (AB) peptide — also known as
‘senile plaques’ — is thought to be a key

On page 254 of this issue, Pepys and
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pathological event underlying the loss of
brain cells”.

There is interest in a variety of approaches
aimed at preventing or even reversing amyloid
deposition, particularly in Alzheimer’s dis-
ease. One tack involves vaccination, which has
seensome success in mice thatwere genetically
modified to overexpress the human amyloid
precursor protein, from which the Ag peptide
is produced. When these mouse ‘models’ of
Alzheimer’s disease were immunized with the
AB peptide itself, the formation of senile
plaques in the brain and the associated behav-
ioural deficits were reduced®. It was proposed
thatasmall proportion oftheantibody that the
animals produced in response to the vaccine
passed the barrier between blood and brain
and ‘decorated’ the AB plaques, enabling them
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100 YEARS AGO
News of the terrible volcanic erupt

the chief commercial centre of the

ion in
Martinique reached this country on Thursday
last, and the details which have since
become known have shown that an
appalling disaster has occurred. St. Pierre,

island,

has been totally destroyed, and about thirty
thousand people have perished. The
eruption of Mont Pelée began on the night
of Saturday, May 3, when large quantities
of scoriae and volcanic ash were thrown

into the surrounding country. On M
May 5, a stream of lava is reported

onday,
to have

rushed down the side of Mont Pelée,
following the dry bed of a torrent, and
reaching the sea, five miles from the
mountain, in three minutes. When the
stream met the sea the water receded
300 feet on the west coast, returning with
greater strength in a large wave. Two
days later, on May 8, a similar torrent of
incandescent lava engulfed the town of

St. Pierre.
From Nature 15 May 1902.

50 YEARS AGO
In these days of specialist scientifi

C

societies, and with the calendar peppered
with technical conferences and seminars,
the British Association is no longer the place
for the announcement of major new
discoveries in science. In recent years the

Association has been restored to it
purpose: to be a place where scien
different fields interpret their work
another and to the public. It might
that this original purpose has now

s original
tists in

to one

be argued
been

fulfilled. The public spends some £16 million
a year on civilian scientific research,

quite apart from £20 million a year

spent

on universities: surely it is no longer
necessary to arouse public interest in

science; and in any event have we

not the

Third Programme, and a flourishing popular

scientific literature, to maintain int
This is a topic which might well be

erest?

discussed by the British Association itself;

but there is not much doubt what tl

he

outcome would be. For scientists are now
dependent on public support in a way they
never were before ... Therefore the
interpretation of science to the public has
now become a major activity in modern
society, not to be entrusted entirely to the
efforts of scientific journalists; and the
British Association remains the chief

instrument for this activity.
From Nature 17 May 1952.

Eric Ashby
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Figure 1 Structure of the pentamer of the serum amyloid P protein (SAP)™. Pepys et al.* have
discovered some small-molecule drugs that prevent SAP from binding to amyloid deposits, and
might therefore be useful in treating amyloid disorders such as Alzheimer’s disease.

to be recognized and consumed by microglia
(a type of white blood cell). The findings
prompted clinical trials of this potential
vaccine for treating Alzheimer’s disease. But
unfortunately, the trials had to be halted
because some patients developed signs of
inflammation of the central nervous system’.
An alternative approach is ‘passive’ immu-
nization, which involves injecting antibodies
against the AR peptide (rather than the pep-
tide itself); this has also proved effective in the
mouse model® but has yet to face clinical trials.

Another strategy involves using several
low-molecular-weight substances, includ-
ing dyes such as Congo red, the antibiotic
rifampicin and the anthracycline 4'-iodo-
4'-deoxydoxorubicin, to disrupt the aggre-
gation of the AB peptide®. Screening for such
compounds also identified other chemicals
that are active againstamyloid deposits®. Ina
related approach, short peptides that bind to
the AB peptide and interfere with aggrega-
tion were synthesized'.

Thediscoverythat AR depositionisaccel-
erated by metals, notably copper and zinc,
provided yet another angle of attack. The
antibioticiodochlorhydroxyquin (known by
the trade name Clioquinol) chelates copper
and zincinvitro, and reduced AR deposition
inamouse model®. Moreover, interim results
from a randomized, double-blind, placebo-
controlled clinical trial in 32 patients with
Alzheimer’s disease suggested that this drug
slows the rate of cognitive decline in the most
severely affected group®.

Clinical trials are also under way with the
small, sulphonated molecule NC-758 (trade
name Alzhemed), which was designed to
interfere with the binding of glycosamino-
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glycans to the Ap peptide™. (Glycosamino-
glycans are polysaccharides that may help to
stabilize and protect brain amyloid deposits.)
NC-758 had previously proved effective at
reducing AB deposition inamouse model™.

These are all imaginative strategies, but
new approaches are, of course, always
welcome. Pepys et al. have come up with just
that: they reveal adifferentway of destabilizing
amyloid deposits using small-molecule drugs.
Specifically, these drugs target the protein
serum amyloid P (SAP), which is universally
present in amyloid deposits — both in
Alzheimer’s disease and in peripheral amyloid
disorders (which affect tissues other than the
brain). SAP binds to these deposits in a calci-
um-dependent manner and helps to protect
them from degradation by protein-degrading
enzymes or white blood cells. Pepys and col-
leagues suggested almost 20 years ago™ that
drugs that promote the dissociation of SAP
from amyloid deposits, making these deposits
accessible to the body’s normal removal
mechanisms, might represent a new way of
treating amyloid diseases. They now go a long
way towards proving thisconcept.

The authors' used a high-throughput
screen to test a library of chemicals for those
that inhibit the binding of SAP to AR
depositsinvitro. This led to the discovery of a
series of dimeric derivatives of the amino
acid proline that are highly active both in
vitro and in vivo. SAP normally exists as a
pentamer® (Fig. 1), and the proline deriva-
tives link two pentamers together (see Fig. 2a
on page 256). This has two important effects:
SAP is prevented from binding to amyloid
deposits; and the drug-SAP complex is
rapidly removed from the blood circulation
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and degraded in the liver. Consequently,
Pepys et al. found that levels of SAP in the
blood serum of test animals were dramati-
cally reduced. Moreover, inanimal models of
amyloid diseases, using the drug led to the
removal of SAP from peripheral amyloid
deposits, and a gradual reduction in the size
of these deposits.

Pepys et al. also report the first results
from studies in humans. One of the proline
derivatives was given safely for up to nineand
a half months to 19 patients with peripheral
amyloid diseases. Levels of SAP in the blood
plasma of these patients were markedly
reduced and there was evidence that SAP
levelsinamyloid deposits also decreased.

So this new approach® offers great
promise for treating both peripheral amy-
loid disorders and, possibly, Alzheimer’s
disease. The blood-brain barrier often pre-
sents a stumbling block to new drugs, but it
may not be necessary for the proline deriva-
tives to cross this barrier: lowering circulat-
ing SAP levels may be enough to deplete SAP
from the brain and other tissues. Moreover,
the clinical-trial data suggest that the pro-
longed removal of circulating SAP has no
obvious harmful effects, even though it is a
normal component of blood plasma. But
whether lowering SAP levels will be suffi-
cient to facilitate the disaggregation and
complete removal of long-standing amyloid
deposits remainsto be seen.

It may be possible to extend the use of
low-molecular-weight organic drugs to
other protein-folding diseases. For instance,
acridines and phenothiazines inhibit the
conversion of the prion protein PrP° to the
disease-causing form, PrP*, in cultured cells
infected with prions*. Quinacrine and
chlorpromazine have been used for many
years to treat malaria and schizophrenia,
and it has been proposed™* that these drugs
be used in clinical trials for treating
Creutzfeldt-Jakob disease. With all the activ-
ity in this research arena, we can perhaps be
hopeful that drugs can be found to combat
the abnormal protein deposits seen in so
many distressing human diseases. L]
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