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Resurrection of ancestral genes to infer the ancient environment temperatures
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The ancient global environment is a topic that has interested many scientists. One debate regarding the ancient environme
concerns the growth temperature of ancient organisms. A number of theoretical studies have argued the growth temperatu
of ancient organisms, but these studies remained inferential due to the lack of empirical testing. Therefore, we developed a
experimental way to assess the growth temperatures of ancient organisms using an inferred amino acid sequence of a prott
postulated to exist in the last universal common ancestor. Because extant genes are evolutionary descendants of ancient ger
information on ancient genes is embedded in the sequences of extant genes. Therefore, ancestral sequences of a particular prc
can be inferred by comparing extant homologous protein sequences. In our experimental method, inferred ancestral residu
were introduced into several extant proteins and then the thermal stabilities of the resulting mutant proteins were examined. Th
mutant proteins, each of which contains one or a few inferred ancestral residues, showed the trend toward enhanced thern
stability when compared to the respective wild-type protein. Because the thermal stabilities of proteins often reflect the living
temperatures of host organisms, our results have supported the hyperthermophilic common ancestry hypothesis.

To further improve our knowledge of ancient living systems and of the ancient global environment where early life evolved, the
ancestral sequence reconstruction method was used to predict, synthesize, and characterize the complete ancestral sequenc
B subunit of DNA gyrase (GyrB) and of nucleoside diphosphate kinase (NDK). The ancestral GyrB sequence was inferred fromn
the sequences of extant DNA gyrases and type-VI DNA topoisomerases as the member of outgroup. Genes encoding the inferr
sequence and its isolated N-terminal ATPase domain were PCR constructed and expré&ssgnbiichia coli The structural
properties and thermal stability of ancestral full-length GyrB are similar to those of the extant thermophilic DNA gyrase from
Thermus thermophilusThe thermal stability of the ancestral ATPase domain is also similar to that dt thermophilusAT-

Pase domain. Moreover, the ancestral ATPase domain has significant catalytic activity. The fact that the thermal stabilities of th
ancestral GyrB and its ATPase domain are comparable to those of the extant thermophilic proteins further supports the idea th
the ancient organism lived at high temperatures.

Ancestral NDK sequences were also inferred by the phylogenetic method. For NDKs, the denaturation temperatures of th
proteins are roughly correlated with the optimum growth temperatures of the host cells. The genes encoding the inferred amin
acid sequences were reconstructed by a PCR-mediated gene synthesis method. The ancestral genes were éxprefsed in
and the resurrected proteins purified. The purified ancestral NDKs are catalytically active. Temperature-induced unfolding ex
periments showed that the ancestral NDKs are significantly stable even aro@ I0@ results are again compatible with the
hyperthermophilic common ancestry. Thus, our empirical reconstruction of ancestral genes provides experimental evidences th
strongly support the hypothesis that ancient organisms lived in thermophilic environments.
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Evolution of multicellularity in cyanobacteria: molecular genetic and genomic approaches
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Sulfur is essential for all organisms as major components of cell materials. There are also a variety of abundant inorgani
sulfur compounds in the biosphere, and prokaryotic respiratory processes depending on these chemical species are major drivi
force of sulfur cycle in ecosystems. In the sulfur cycle, reductive processes are mainly mediated by sulfate-reducing prokaryote
(SRP). SRP are capable of dissimilatory sulfate reduction coupled with oxidation of organic matter, and this reaction is though
to contribute largely to anaerobic mineralization in aquatic ecosystems. Shen et al. (2001) demonstrated that microbial sulfat
reduction had evolved by 3.47 Gyr ago, and suggested the earlier emergence of biological sulfur oxidation. Activity of SRP re-
sults in generation of sulfide, which supports growth of sulfur-oxidizing prokaryotes (SOP). Both SRP and SOP are polyphyletic,
and their diversities in natural environments are drastically affected by temperature. We will discuss the relationship betweet

microbial sulfur cycle and temperature.
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Can molecular phylogeny of protein-coding genes provide new insights for foraminiferal

morphology?
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Multi-gene phylogenetic studies have revealed one of big eukaryotic group, Rhizaria include Foraminifera, Radiolaria, Filosa,
and Endomyxa. Foraminifera is known diverse group having two distinct life-styles: planktic and benthic. Recently, molecu-
lar phylogeny of foraminifera showed the polyphyletic origins of planktic foraminifera that they were diverged from bentic
foraminiferal lineages at least twice (Ujiie et al., 2008). Moreover, high genetic diversity at intra-species level has been inferred
based on the SSU rDNA and ITS rDNA sequences (e.g., Darling and Wade, 2008). However, these studies have not been ch:
lenged to understand the evolutionary processes according with cell-structures.

This present study shows the foraminiferal phylogenies of two protein-coding genes (actin 2 and b-tubulin 2), which are
corresponded to actin granules and microtubules in cell structure. Especially foraminiferal b-tubulin 2 forms a helical filament,
which is involved in rapid microtubule assembly/disassembly system resulting in the quick movement of pseudopodia (Habura e
al. 2005). Both phylogenies of actin 2 and b-tubulin 2 show two robust clades according with tube- and fan-shaped pseudopodi
which are observed in attaching new chamber during their growth processes. Rotaliida including planktic foraminifera have fan-
shaped pseudopodia, whereas some of benthic groups have tube-shape one. This preliminary data suggests that the hyloger
analyses of the protein-coding genes potentially implicate the mechanisms of morphological traits in shell-bearing proists. Futur
assessments are required increasing taxonomic sampling of benthic tube-shaped types.

(References)

Darling, K.F., Wade, C.M., 2008. The genetic diversity of planktic foraminifera and the global distribution of ribosomal RNS
genotypes. Mar. Micropaleontol. 67, 216?7238.

Habura, A., Wegener, L., Travis, J.L., Bowser, S., 2005. Structural and functional implications of an unusual foraminiferal b-
tubulin. Mol. Biol. Evol., 22, 2000-2009.

Ujiie, Y., Kimoto, K., Pawlowski, J., 2008. Molecular evidence for an independent origin of modern triserial planktonic
foraminifera from benthic ancestors. Mar. Micropaleontol. 69, 334-340.
Keywords: Foraminifera, protein-coding gene, cell structure

1/1



Japan Geoscience Union Meeting 2012 ~® ’
(May 20-25 2012 at Makuhari, Chiba, Japan) °
©2012. Japan Geoscience Union. All Rights Reserved. ]“P““

Geoscience
Union

BPT28-07 O 0:102A 00:50 240 15:30-15:45

00000p0o0oo0ooooooog _
Amino acid sequence specifying eukaryotic species
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Chemotaxonomy of Cretaceous plant fossils from compositions of molecular units in re-

sistant macromolecule
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Resistant macromolecules such as cutin and suberin polymers constituting living plants are known to be stable and much r
sistant to microbial degradation and diagenesis. Furthermore, the composition of molecular unit (monomer) constituting resistar
macromolecules are various according to taxonomy. If variability of these compositions preserved in plant fossils that had un
dergone diagenetic alteration, these compositions can be useful as chemotaxonomic indicator. In the present study, we analyz
plant carbonized fossils collected from three Cretaceous coal layers to investigate variability of composition of molecular units
in their resistant macromolecules, and to examine applicability of these compositions for chemotaxonomic study.

We analyzed plant fossils of angiosperms and gymnosperms collected from three locations; 1) Hirono, Fukushima Prefectur
(Ashizawa Formation, Futaba Group), 2) Mukawa, Hokkaido (Hakobuchi Formation, Yezo Group), and 3) Mikasa, Hokkaido
(Mikasa Formation, Yezo Group), Japan. For example, we used fruit fossilsmfoia fusiformisandArchaefagacea futabensis
flower fossils ofEsgueiria futabensjdeaf fossils ofJuniperusand Platanus a stem fossil oEphedra as well as some fossils
of fruits, seeds and woods that were taxonomic uncertain. Powder samples of above fossils were extracted with methanol ar
dichloromethane, and were subsequently refluxed under high temperature to remove free compounds completely. Finally, tt
residues were saponified by KOH/methanol to obtained ester-bound compounds. GC-MS analysis was performed for identifice
tion and quantification of compounds.

As ester-bound molecular units in resistant macromolecule of all fossil sample€.& n-alkanoic acids and {3-Cog n-
alkanols were mainly detected. It was found that distributions of carbon number of n-alkanoic acids were clearly different be-
tween woody and non-woody fossils in the Futaba samples. In the non-woody fossils (e. g. flowers, fruits and leaves), whict
were organs that have cuticles,sGC;¢ ratios of n-alkanoic acids were lower. In the Hakobuchi plant fossils, we could obtain
such difference for the {g /Cy¢ alkanoic acid ratios between woody and non-woody fossils. On the other handsgthe £
ratios of n-alkanoic acids are higher in wood fossils. In addition,/C;¢ ratios of n-alkanoic acids in non-woody fossils tended
to be higher than those in woody fossils. These results imply that the characteristics of the compositions in the n-alkanoic acit
units might be attributed to monomer compositions of cutin and suberin. From scatter diagram for relationships bgtween C
/C16 and G4 /Cyg ratios as independent variables, a linear function which can distinguish non-woody fossils from wood fossils
was obtained. From scatter diagram for the relationship betwggrCzs and G /Ci¢ ratios of n-alkanols as independent
variables, wood fossils could be roughly separated from flower, fruit and leaf fossils. The higher ratigsedl&€anol in woody
fossils suggested high contribution to suberin-derived monomer in the fossils. From these results, we propose that the alkano
acid and alkanol units from polyesters of resistant macromolecule can be powerful chemotaxonomic indicators for ancient plan
fossil, although further examination is necessary.
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By evolving bilaterally separate shell plates, bivalves have acquired a unique body plan in which their soft tissues are com
pletely protected by hard shell plates. Here we asked how the unique shell morphology of bivalves was brought about by modifi
cation of their development. First, we confirmed the old descriptions on the cellular origin of shell field precursors claiming that
bilaterally cleaved shell field precursor cells develop into bilaterally separated shell fields. Thus, modification of the early spiral
cleavage pattern is tightly linked with the evolution of bilaterally separate shell plates. Furthermore, we found that the specific
inhibition of dpp during bivalve development results in impaired development of the ligament that separates the shell plates. W
conclude that the unique shell plate morphology of bivalves is a result of two distinct modifications during early embryogenesis,
namely, modification of the early spiral cleavage pattern and neofunctionalisation of dpp for ligament development.
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An attempt to create the animal genomic data as a Linked Data
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