
free-living, single-celled eukaryote to be
completely sequenced (the first being that 
of S. cerevisiae). Wood et al. take advantage of
this to try to identify genomic properties that
are related to multicellularity. They used
another conservative approach to compare
the genomes of the two yeast species with the
available genome sequences of multicellular
eukaryotes (a plant and three animals), and
found only three genes that were specific to
all the multicellular species.

This may seem surprising, but it proba-
bly should not. First, the comparison did
not take into account that multicellularity 
probably evolved separately in plants and
animals14 (Fig. 1), so different multicellu-
larity-related genes may have evolved in
these two evolutionary lineages. Second, the
time interval during which these genes
could have evolved is much shorter than for

the eukaryotic versus prokaryotic compari-
son — in other words, there has been less
time to ‘invent’ new genes. Perhaps more
usefully here, the authors found that, even
after correcting for differences in genome
size, some protein domains are more com-
mon in the multicellular than in the uni-
cellular organisms, probably reflecting the
expansion of certain protein families. This
implies that such expansions may have
occurred in parallel during the evolution 
of multicellular animals and plants, but the
same genes were rarely if ever invented by
both groups.

So what next? Clearly, a better compari-
son of eukaryotes and prokaryotes requires
complete genome sequences from a more
diverse sampling, not just those eukaryotes
from the ‘top’ of the tree (Fig. 1). Lumped
together as ‘protists’, these other eukaryotes

show remarkable diversity and include many
parasitic species, such as the malaria-causing
Plasmodium; species such as Giardia that
lack the cellular powerhouses, mitochon-
dria; and organisms with several nuclei and
unusual genome-rearrangement processes,
such as Tetrahymena. It will also be interest-
ing to use the S. pombe and other fungal
genomes to do a more thorough comparison
with genomes from the Microsporidia, such
as the parasitic Encephalitozoon15. These
organisms were once classified with the 
protists but are now thought to be related 
to fungi16.

In all these comparisons, it will be import-
ant to go beyond simply identifying the 
similarities and differences between species,
and to analyse the origin of the differences,
for example the gain, loss and possible trans-
fer of genes over time17. But today we should
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Acid attack
If you were planning to visit
the impressive restoration 
of the Vasa, now is a good
time. The Vasa was a 
61-metre,1,210-tonne
warship, which sank in
Stockholm harbour on its
maiden voyage in 1628, but
was raised in 1961 and
restored for display in a
museum in Stockholm (see

pictures). A multidisciplinary
group of researchers,
however, has discovered 
that the ship’s timbers are 
in danger of disintegrating.
As Magnus Sandström and
colleagues report in this 
issue (Nature 415, 893–897;
2002), and describe in an
exhibition that opens this
week in the Vasa Museum,
sulphuric acid is being
produced within the beams 
of the ship. The acid attacks
the wood both chemically, by
acid hydrolysis of cellulose,
and physically, as the
sulphate minerals expand
during crystallization.

So where is the sulphuric
acid coming from? Alerted 
by sulphate crystals forming
on the surface of the Vasa’s
timbers, Sandström et al.
went on to find large
quantities of elemental
sulphur inside the wood. 
They believe that hydrogen
sulphide — a common
product of bacterial
decomposition in anoxic
waters — permeated the
ship’s timbers and was
gradually transformed to
elemental sulphur during the
333 years that the ship lay 
at the bottom of Stockholm
harbour. This created a
reservoir of sulphur, which, if
fully oxidized, could produce

as much as five tonnes of
sulphuric acid. 

A complicating factor
comes from the legacy of the
ship’s 9,000 original iron bolts
that have largely rusted away.
Iron (III) ions are effectively a
catalyst here, gradually
oxidizing elemental sulphur 
to sulphuric acid. The
reduced iron is then itself 
re-oxidized by oxygen from
the air, ready to go through
the cycle once more.

Museum curators are
well aware of the threat of
oxidation to waterlogged
wooden artefacts after
salvage. As well as stabilizing
the fragile lattice of
remaining wood by replacing
the water with non-volatile
preservatives, conservation
methods routinely involve
limiting further biological 
and chemical oxidation with
sterilizing solutions, and
carefully controlling humidity
and temperature. But the
newly observed sulphur
threat calls for different
measures. Neutralizing five
tonnes of sulphuric acid is
not really feasible, and the
most promising solution lies
in tackling the iron catalyst.
One proposal of Sandström 
et al. is to identify an agent
that will form a complex with
the iron solutes, making them

inert, and possibly even
extractable by rinsing the
ship with alkali. 

What about other wrecks?
Fortunately, the Vasa seems 
to be an extreme case. The
decision in the sixteenth
century to close off two inlets
into Stockholm harbour, to
hinder attack from the
Russians, along with centuries
of sewage disposal in the
harbour, helped to create 
an especially stagnant and
sulphurous resting place.
Moreover, the threat of
sulphur acidification in wrecks
that were completely buried 
in sediments, such as the
Mary Rose, now on display 
in Portsmouth, UK, should be
smaller. Indeed, Sandström 
et al. found that sulphur
accumulation was greatest in

the exposed timbers of the
Vasa. But in ships that were
not buried — the Batavia of
the Dutch East India Company,
for instance, which was
wrecked off Western Australia
in 1629 — initial analyses
confirm that the sulphur
problem is more common, if
not as severe as in the Vasa.

These new investigations
support recent moves to let
sunken ships lie, and
preserve and study them
where they sank (Nature 415,
460; 2002) — virtual
technology would still allow
the public to view the wrecks
and their sites. After all, 
why not capitalize on the
preserving features of marine
sediments, rather than let
them express their acidic side
later on? Jim Gillon
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