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About the tree of life

My work until June 2001 was mainly concerned with the moss Physcomitrella patens
where we found, for the first time in a land plant, a way to obtain high homologous
recombination. Since July 2001 I have been working alone on a fascinating problem of
theoretical biology, the Tree of Life.

Charles Darwin was the first to suggest that all living organisms are descended from
one common ancestor (“The origin of the Species”, 1859). The exponential growth of
the number of completely sequenced genomes, today 140 Bacteria/Archaea and 13
Eukarya (and these numbers probably will double in the next year), provided a great
hope to realize the dream of Darwin, namely to identify LUCA (Last Common Cellu-
lar Ancestor). Until now, however, there is little consensus regarding LUCA except
that it was living circa 3.4-3.8 billions years ago.

1) Russell Doolittle et al. (Determining divergence times of the major Kingdoms of
living organisms with a protein clock (1996), Science 271:470-477) suggested that
LUCA was a Eubacterium.

2) William Martin (Mosaic bacterial chromosomes: a challenge en route to a tree of
genomes (1999), BioAssays 21:99-104) draws a Tree of Life which has two roots: the
Eubacteria and the Archaeabacteria. The Eukaryotes are then a complicated mixture of
the two Kingdoms.

3) Forterre and Philippe (Where is the root of the universal tree of life? (1999),
BioAssays 21:871-879) argue that the very first cell was a Eukaryote.

4) Woese (On the evolution of cells (2002), PNAS 99:8742-8747) states that “Extant life
on Earth is descendent not from one, but from three distinctly different cell types. How-
ever, the designs of the three have developed and matured in a communal fashion”.

Despite these models and a plethora of phylogenetic trees and bioinformatic analysis
published to date, there is no detailed information on the evolution of proteins in well
known biosynthetic pathways. Without this information I believe that it will be not
possible to fully understand evolution.

Making the bold assumption that Homo sapiens is at the top of the evolutionary tree, 1
asked if the human proteins of important cellular pathways (transcription, translation,
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DNA synthesis, lipid biosynthesis, glycolysis, biosynthesis of amino acid, purines, pyri-
midines) are more similar to the equivalent of Eubacteria, or of Archaea, or equal similar
to both, or have no counterpart in Prokaryotes.

The technique I have employed is simple: I blasted each of the 281 human proteins in-
volved in these pathways, on one hand against the proteins data base and on the other
hand against the genomic sequences of the completely sequenced Eubacteria and Archaca
genomes (both kind of databases at NCBI in Washington).

Preliminary data are summarized in table 1. It is immediately apparent that different pro-
teins have different origins, however it is not a random process, but seems to follow a
pattern, suggesting a logical choice in evolution.

The eukaryotic genome was shown already to have a mosaic structure (Horiike T. et al. (2001),
Origin of eukaryotic cell nuclei by symbiosis of Archaea in Bacteria is revealed by homology-
hit analysis, Nature Cell Biology 3:210-214). In this paper there is also a table where thousands
of eukaryotic genes (S. cerevisiae) in 43 pathways were classified as of Archaea or of Eubacteria
origin. However this table is often misleading, as I will show below with one example:

Under amino-acid metabolism all the 201 proteins considered to be in this pathway are reported
to be of Eubacteria origin. In contrast, my table shows that only 7 out 16 of the enzymes ana-
lyzed are of Eubacteria origin while 7 are of Archaeca AND Eubacteria origin (common origin),
and for two is difficult to make a decision. Two examples out of those 7 proteins of common
origin:

a) The human 3-phosphoglycerate dehydrogenase, an enzyme of the serine biosynthetic
pathway, has 533 amino acids; the sequence of this protein blasted against all Archaea proteins
show 43% identity (ID) with a M. jannashii protein, 524 amino acids (aa) long, over 447 aa,
45% ID with a M. acetivorans protein (523 aa) over 405 amino acids and 41% ID with a 4.
fulgidus protein (527 aa) over 401 amino acids; blasted against all Eubacteria proteins show a
43% ID with a M. loti protein (533 aa) over 399 aa, 42% ID with a B. subtilis protein (525 aa)
over 416 aa and 42% ID with a B. melitensis protein (538 aa) over 400 aa.
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tein is very similar to each other; 2) The percentage of identity is very similar over a long stretch
of amino acids of comparable length in both cases; 3) The best hits with Eubacteria are with
bacteria coming from very divergent families like bacillus (B. subfilis ), clostridium (C.
acetobutylicum), thizobiaceae group (4. tumefaciens, M. loti, B. melitensis ), thermotogales (7
maritima). The best explanation for these results to me is to assume that these particular proteins
are very ancient and have developed to a form of “perfection” and have remained so in the three
different kingdoms.

A similar analysis reported in my table 1 show, for example, that 6 enzymes out 7 enzymes of
the biosynthetic pathway of pyrimidines are of Archaea & Eubacteria origin contrary to the
results published by Horiike et al. who states that nucleotide metabolism enzymes are all of
Eubacteria origin; 8 out 19 aa-tRNA synthetases were found to be of Archaca & Eubacteria
origin, 5 are of Eubacteria origin, and only 5 are of Archaea origin, while the just quoted authors
state that all the enzymes for protein biosynthesis are of Archaea origin. However, there are
human proteins that have much higher identity to Archaea than to Eubacteria proteins, such as
the great majority of ribosomal proteins.

Similarly there are clearly human proteins that have much higher identity to Eubacteria proteins
than to Archaea proteins, such as the 8 enzymes involved in glycolysis.

My studies to date are a warning against quick bioinformatic analysis. I believe that each protein
and enzyme must be studied carefully, and comprehensive information about the origin of
human protein must be collected and discussed, for all biochemical pathways known, before we
can make any reasonable model about the Tree of Life. It is a long way to go. But the real
challenge will be then to understand why Nature decided that the archaea proteins of transcrip-
tion and translation were the best ones to select for the Eukarya, while for glycolysis, the biosyn-
thesis of lipids and of small molecules Nature selected the eubacteria proteins for the Eukarya.
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