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Within the present program of exobiology in Solar System exploration,
we have proposed that the time is ripe to emphasize the life sciences,
besides geophysical aspects. This should allow us to test the hypothesis of

. . . . 1
the ubiquity of eukaryogenesis in the case of the Jovian satellite Europa
A second, more evident candidate in such a program on the search for

. . 2 .
extraterrestrial eukaryotes (SETE) is Mars . Previous work has suggested
that through tidal and radiogenic heating on Europa, an internal ocean has
been formed (underneath a relatively thin ice cover) through dehydration of

silicates3 (the heating source due to tidal heating is expected to be of

the order of 52 erg cm—2s with an additional 8 erg cm_2s , due to

. , , 4
radiogenic heating ).
For the above reasons it was estimated that the temperature underneath

the icy crust could be 4°c 5. From the similarity of the processes that
gave rise to the solid bodies of the Solar System, we may expect that hot
springs may lie at the bottom of the ocean. The main thesis of the
proponents of the existence of a Europan biota is that, as Jupiter's
primordial nebula must have contained many organic compounds, then
possibly, organisms similar to thermophilic archaebacteria can evolve at

the bottom of Europa's ocean. The previous argument 5 correctly pointed out
that the most important regquirements for the maintenance of life in Europa
are the above mentioned conditions (water, an energy source and organic
compounds). However, the analogous Earth ecosystems considered by them
excluded eukaryotes. The case of the acidophilic and thermophilic

cyanidiophycean algae6 is a warning that we should keep an open mind while
discussing the possible degree of evolution of Europan biota. We may add
that the divergence into the three domains, arising from the evolution of
the earliest ancestor of all living organisms is not well understood.

Indeed, plate tectonics has obliterated fossils of early organisms
from the crust of the Earth. Additional factors arising from current
experience with eukaryotes may contribute to clarify the case for not
excluding nucleated cells from the microorganisms to be searched in new
Solar System environments; three arguments militate in favour of the
ubiquity of eukaryogenesis in other ecosystems of the Solar System:

Firstly, a critical step in the diversification of single-celled
organisms may have been the loss of the ability to manufacture a cell-wall
biomolecule (peptidoglycan). Without the constraint that this biomolecule
imposes on cell shape, both Archaea and Eukarya have been able to diversify
beyond the Domain Bacteria. Secondly, in spite of the fact that eukaryotes
and archaebacteria have both lost peptidoglycan, we can nevertheless
distinguish between them, as all eukaryotes have ester lipids in their
membranes, whereas archaebacteria have ether lipids.

Finally, Earth-bound eukaryotes are not extremophiles, but their
diversification may share a common thread with archeabacteria. Eukaryotes,
in spite of not being able to exploit fully all the extreme environments
may, nevertheless, invade to a certain extent those niches normally at the
disposal of the extremophiles. We have remarked that the identification of
primitive eukaryotes is not straightforward; another difficulty is that the
simplest criterium to recognise them, namely the search for a membrane-
bounded set of chromosomes, does not help to identify unambiguously
eukaryotes, as there are prokaryotic organisms, that do have a membrane-

bounded nucleoid 7.
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In addition, work on prokaryotic symbionts of protozoans having
proteins typical of eukaryotes, and silicification experiments of certain

microorganisms9 suggest that the identification of eukaryotes at the
morphological or molecular levels, particularly during the process of
fossilization, may lead to some confusion. To sum up, at present we lack
experience with parallel evolution in an extraterrestrial environment. This
induces us to stress that present and future efforts concerning Europa
should not be confined to the possibility of designing equipment capable of
recognising exclusively analogues of the lowest domains of Earth biota
(Archaea and Bacteria).

Consequently, we have proposed1 that tests for recognising eukaryotes
(a SETE programme) should also be envisaged in the mission that the
Exobiology Program of NASA is <currently discussing. If Iiving
microorganisms are found either in Europa (or in Mars), one may adopt a

gene-centered approach7, in order to search for cellular replication in
relation to a delay in replication of chromosome segments. Such a
phenomenon would confirm that the chromosomes maintain the condensed state
during interphase, a eukaryotic hallmark. If frozen or fossilized organisms

. 10 .
are encountered, then we need to consider the differences between
primitive eukaryotes and members of the other two domains.
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