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ing of the northbound tidal wave by the
1slands and shallow bank to the southwest.

The mean currents are predicted to be of
the order of 0.1 m s~ ' in deep water and up
to 3.0 ms ' on the narrow ridge (50~100 m
deep) between Lofotodden and Rost (Fig. 2).
A lack of data from this area hampers valida-
tion of the model; however, we have made
comparisons with measurements from chan-
nels between the islands east of Lofotodden
at Napp, Sundklakk and Gimsey. Current
shifts are predicted to occur about 2 h before
high water, with a northwards current at
high water and a southwards current at low
water, in agreement with observations'".

A weak, roughly 6-km diameter, clock-
wise eddy appears in the simulations, centred
about 5 km southwest of Lofotodden at the
time of current shift on a rising sea. A similar
sized anticlockwise eddy appears nearer
Lofotodden at the time of current shift on
falling sea. The current speed in these eddies
1s roughly 0.1 ms™ ', no comparison to the
eddy in ancient literature. The eddies owe
their existence to sea-floor topography and
friction. West and east of Mosken the current
vector rotates clockwise in nearly circular
ellipses which may have been interpreted as a
large eddy by early observers.

The semi-diurnal components, S, and
N,, show a similar amplitude pattern to M.,.
The diurnal component, K,, which interacts
with shelft wave modes, produces dominant
diurnal currents in Sortlandsundet between
stations 7 and 8 (Fig. 1), where the M, cur-
rent 1s weak, matching observations (Nor-
weglan Hydrographic Service, 1994). The
generation and advection of small-scale
eddies in the strong tidal jet remain a sub-
ject for future studies but these local effects
are not likely to alter the large-scale patterns
of sea-level variations reported here.
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Viorbillivirus iIn monk
seal mass mortality

--------------------------------------------------------------------------------

of Mediterranean monk seals (Monachus
monachus), lost during a recent mass die-
off. About half of the population of this
highly endangered species, which inhabits
the Mauritanian coast of West Africa (Cap
Blanc), were killed. The outbreak is remi-
niscent of several recent morbillivirus out-
breaks in aquatic mammals.

[n 1988 there was a mass die-off of the
two indigenous seal species of northwestern
Europe, eventually leading to the deaths of
about 20,000 animals. We and others iden-
tified a previously unrecognized morbil-
livirus, phocine distemper virus (PDV), as
Its primary cause. In subsequent years, sev-
eral other mass mortalities of pinniped and
cetacean species could be attributed to
infections with known and newly identified
morbilliviruses'”. This prompted us to
speculate about the possible threat of mor-
billivirus infections to highly endangerec
binnipeds like the Mediterranean monk sea
(Monachus monachus)’. Two subpopula-
tions of this species exist, one living oft the
Mediterranean coasts and the other off the
Mauritanian coast of West Africa (Cap
Blanc), with estimated population sizes of
about 500 and 270 animals, respectively.

We and others have observed significant
mortality in the West African population
since May this year. After finding about 40
dead animals in and around the two caves
that they predominantly inhabit, it became
clear that a serious disease outbreak was
ongoing, which eventually killed more than
halt of the total population. We autopsied
several animals that had washed ashore
during the outbreak. Most of these were in a
state of advanced decomposition, probably
because of the long period before washing
ashore and the high ambient temperature.
[t was clear however, that most of these ani-
mals had suffered from respiratory distress,
as emphysema and congestion of the lungs
were among the most frequent macroscopic
findings, consistent with previous morbil-
livirus infections of seals".

In an enzyme-linked immunosorbent
assay” for the detection of serum antibodies
to canine distemper virus (CDV)', seven of
17 samples collected from the hearts of
dead animals scored positive. We carried
out virological analysis using organ samples
from the 14 least decomposed carcasses.
Using standard procedures” we isolated a
cytopathic virus in Vero cells from lung and
other organ samples of three of these ani-
mals. This virus also proved to be infectious
for ferrets on parenteral infection. Our pre-
liminary characterization of the virus with

polyclonal and monoclonal antibodies’
showed that the virus is a morbillivirus,
probably different from CDV and PDV
(data not shown).

We isolated total nucleic acids from lung
samples with the guanidinium method" and
analysed them with a reverse transcriptase
polymerase chain reaction (RT-PCR) using
random hexanucleotides for first-strand
synthesis. We used group-specific primers
for the genus Morbillivirus, which recognize
the N gene (primer 1: 5'-ACAAACCA-
NGGATTGCTGAAATGAT-3" and primer
2: 5 -CTGAAYTTGTTCTGAAYTGAGT-
TCT-3") for amplification’. A semi-nested
PCR using primer 2 and primer 3 (5'-ATC-
GARACWATGTACCCGGC-3") increased
the PCR signal for direct sequencing.

Sequencing allowed us to make a phylo-
genetic comparison with other morbilli-
viruses, using the Phylogeny Interference
Package (provided by J. Felsenstein). We
generated a maximum-likelihood tree, and
assessed 1ts stability using a bootstrap
method (Fig. 1). We found the virus to be
most closely related (mean distance, 0.030)
to the previously described dolphin morbil-
livirus (DMV)". The antigenic difference
between CDV and the isolated virus, the
suboptimal state of the samples, and the
fact that morbillivirus infections cause pro-
found immunosuppression, may collectively
explain why not all the dead monk seals
tested had developed antibodies to CDV.

Further studies, preferably of live and
freshly autopsied animals, are needed to
confirm that this outbreak, reminiscent of
many recent morbillivirus outbreaks in
aquatic mammals, is indeed caused by
infection with. this newly identified monk
seal morbillivirus (MSMV). In this light it is
noteworthy that we could not detect the

DMV
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Figure 1 A maximum likelihood tree of N protein
fragment sequences (121 nucleotides) of different
morbilliviruses. DMV, dolphin morbillivirus; PMV, por-
poise morbillivirus; PDV, phocine distemper virus;
CDV, canine distemper virus; RPV, rinderpest virus;
MV, measles virus; PPRV, peste des petits ruminants
virus; MSMV, monk seal morbillivirus.
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resence of paralytic shellfish poison in seal
arcasses and in a composite mussel sample
rom the area. Further characterization of
he virus as well as investigation of its origin
rre ongoing, and a rescue and rehabilitation
rogramme for the remaining animals has
een initiated by an international collabora-
wve effort.
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ewy bodies, a defining pathological char-
cteristic of Parkinson’s disease and demen-
ia with Lewy bodies (DLB)'™, constitute
he second most common nerve cell pathol-
gy, after the neurofibrillary lesions of
\Uzheimer’s disease. Their formation may
ause neurodegeneration, but their bio-
hemical composition is unknown. Neuro-
laments and ubiquitin are present™, but it
s unclear whether they are major compo-
ents of the filamentous material of the
ewy body™". Here we describe strong
taining of Lewy bodies from idiopathic
arkinson’s disease with antibodies for a-
ynuclein, a presynaptic protein of un-
nown function which is mutated in some
imilial cases of the disease''. a-Synuclein
nay be the main component of the Lewy
ody in Parkinson’s disease. We also show
taining for a-synuclein of Lewy bodies
rom DLB, indicating that the Lewy bodies
rom these two diseases may have identical
ompositions.

We studied formalin- or ethanol-fixed,
araffin-embedded tissue sections of sub-
‘antia nigra from six patients with idio-
sathic Parkinson’s disease, and from four
atients with DLB (all clinically and neuro-
athologically confirmed cases), as well as
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Figure 1 Substantia nigra from patients with Parkin-
son's disease (from the MRC Cambridge Brain Bank)
immunostained for a-synuclein. a, Two pigmented
nerve cells, each containing an a-synuclein-positive
Lewy body (thin arrows). Lewy neurites (thick
arrows) are also immunopositive. Scale bar, 20 wm.
b, A pigmented nerve cell with two a-synuclein-pos-
tive Lewy bodies. Scale bar, 8 um. ¢, a-Synuclein-
positive, extracellular Lewy body. Scale bar, 4 um.

cingulate cortex from the DLB patients (one
with additional Alzheimer’s disease pathol-
ogy). We stained the tissue with affinity-
purified, anti-a-synuclein serum PER2
(diluted 1:200)". This antibody, raised
against a synthetic peptide corresponding
to residues 116—131 of human a-synuclein,
specifically recognizes «-synuclein on
immunoblots of human cerebral cortex
extracts and does not cross-react with the
related B-synuclein'®. We also stained the
sections with anti-B-synuclein serum PER3
(diluted 1:200) raised against a peptide cor-
responding to residues 99-111 of human B-
synuclein'’. As an absorption control we
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pre-incubated diluted PER2 overnight at
4 °C with 10 uM recombinant human «-
synuclein. For immunohistochemistry we
used avidin-biotin, with diaminobenzidine
as the chromogen®'”.

Substantia nigra sections from Parkin-
son’s disease and DLB, and cingulate cortex
sections from DLB and DLB with
Alzheimer’s disease incubated with the «-
synuclein antibody PER2 showed staining
of numerous brainstem-type and cortical
Lewy bodies (Figs 1 and 2). Lewy neurites,
which are dystrophic processes with the
same immunohistochemical staining profile
as Lewy bodies, were also reactive (Figs 1a,
2a). The strong staining made it difficult to
distinguish between the core and the corona
of the brainstem-type Lewy bodies (Figs 1,
2b). The staining was specific, and did not
occur after pre-adsorption of the primary
antibody with recombinant «-synuclein.

We obtained similar results with anti-
body PERI, raised against a synthetic pep-
tide corresponding to residues 11-34 of
human a-synuclein, indicating that full-
length «-synuclein may be present in the
Lewy body (data not shown). We found no
specific staining of Lewy bodies or Lewy
neurites with the B-synuclein antibody
PER3.

We also stained tissue sections from
Parkinson’s disease and DLB with the
ubiquitin  monoclonal antibody 1510
(Chemicon, diluted 1:500)". Double-stain-
ing of substantia nigra sections from
Parkinson’s disease with PER2 and 1510,
showed staining of similar numbers of Lewy
bodies and neurites with each antibody.
Similarly, in adjacent tissue sections of sub-
stantia nigra and cingulate cortex from
DLB, we found comparable numbers of
Lewy bodies and neurites stained with
PER2, antibody 1510 or undiluted neurofil-
ament antibody RMO32, a monoclonal
antibody to a phosphorylated epitope in the
mid-sized neurofilament subunit which

s
Figure 2 Tissue from patients
with DLB (from the tissue collec-
tion of the Department of Path-
. ¥ ology and Laboratory Medicine,
University of Pennsylvania)

- p Immunostained for a-synuclein.

? Wi a, a-Synuclein-positive Lewy
neurites in the substantia nigra.

~ 8 b, «a-Synuclein-positive Lewy
b pody (arrow) In pigmented
2 nerve cell of the substantia
ey nigra. ¢, Two a-synuclein-posi-

o W S tive Lewy bodies in the cingu-

late cortex. d, Haematoxylin
and eosin-stained section of
substantia nigra with a pigment-
ed nerve cell containing a Lewy
body. Scale bar for a-d, 10 pum.
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