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Experimental Test on the Last Common Ancestor: Reproduction of the Ancient Proteins

Akihiko YAMAGISHI D

Abstract

0O O The results of an experimental test for verifying the hypothesis that the common ancestor
of all living organisms[ universal ancestor, commonotel] was a hyperthermophile O Miyazaki,
et al.,[200100 are explained. In the experiment, mutant enzymes with ancestral aminoacids
were made using a gene engineering technique. The mutant enzymes were purified and tested
for thermostability. The mutant enzymes with ancestral aminoacids showed higher ther-
mostability than the contemporary hyperthermophile enzyme. The results suggest that the
common ancestor of all living organisms was a hyperthermophile. The argument related to
the hyperthermophilic common ancestor hypothesis was reviewed with respect to the

experimental test.
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Fig.010 A0 Parts of amino acid sequences of
hemoglobin genes from three organ-
isms: Human, horse and carp form
top to bottom.

BO A phylogenetic tree inferred from the
sequences shown in panel A.
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Fig. 2 General phylogenetic tree inferred from
16SrRNA genes of all living organisms
on the earth Woese et al.,[1199001
The figure after each species name
represents the optimal growth tempera-
ture of the species. Alternatively, the
figure after each species group repre-
sents the optimal growth temperature of
the species with the highest growth
temperature in the groupd Yamagishi et
al.,[019981
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Escherichia coli
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Sulfolobus sp. #7 -
1000 Escherichia coli ]
580 L Bacillus subtilis ICDH
) Saccharomyces cerevisiae (2/2)
Bos taurus -
0.1
B
85 97 149 158 253 285
IB.sub . IRKQLDLFANLRP. . .RVIREGFKMA. . . FEPVHGSAPDIAGKGMANPFAATL SAAMLLRTS. . .
IE.col .LRKHFKLFSNLRP. . .RIARIAFESA. . . YEPAGGSAPDIAGKNIANPIAQILSLALLLRYS. ..
TA.tum .LRKDLELFANLRP. . .RIASVAFELA. . .YEPVHGSAPDIAGKSIANPIAMIASFAMCLRYS. ..
IS.cer .IRKELQLYANLRP. . .RITRMAAFMA. . . YEPCHGSAPDL-PKNKVNPIATILSAAMMLKLS. . .
IN.cra .LRKELGTYGNLRP. . .RIARLAGFLA. . .YEPTHGSAPDISGKGIVNPVGTILSVAMMLRYS. . .
IT.the . .LRKSQDLFANLRP. . .RVARVAFEAA. . .FEPVHGSAPDIAGKGIANPTAAILSAAMMLEHA. . .
ISul#? .LRQIYDMYANIRP. . . RIAKVIGLNFA. . . FEPVHGARAFDIAGKNIGNPTAFLLSVSMMYERM. . .
CB.tau .LRKTFDLYANVRP. . .RTAEFAFEYA. . .FESVHGTAPDIAGKDMANPTALLLSAVMMLRHM. . .
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# # # # * Kk ok k% *
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Fig.030 A0 A phylogenetic tree of two enzymes IPMDH isopropylmalate dehydrogenase, and ICDH isocitrate

dehydrogenase[lJ Miyazaki et al.,[12001[1
The far left node represents the ancestral enzyme of the common ancestor. Two enzymes IPMDH and ICDHO
were derived from the common ancestral enzyme. The enzymes of contemporary species were diverged from the
ancestral enzyme. Abbreviations of the species names are shown in the legend to panel B.

B0 Comparison of partial amino acid sequences of enzymes of several speciesl] Miyazaki et al.,[12001[1
Each line represents the amino acid sequence of each enzyme. The seven upper sequences with a name starting
with the letter | represent iopropylmalate dehydrogenase. The lower four sequences with a name starting with
the letter C represent isocitrate dehydrogenase. Abbreviations of the species names are as follows : Eubacteria
0 B. sub, Bacillus subtilis; E. col, Escherichia coli; A. tum, Agrobacterium tumofaciens; T. the, Thermus
thermophilus, EukaryotesO S. cer, Saccharomyces cerevisiae ; N. cra, Neurospora crassa ; B. tau, Bos taurus(]
Archaeond Sul 00 7, Sulfolobus sp. O 70. The figures at the top represent positions in the sequences. The marks,
0O and “, represent amino acids that are important for catalytic activity. The sequence denoted by Ancest
represents the sequence of the ancestral enzyme possessed by the common ancestor. The letter* X" represents
the ancestral amino acid residue which could not be inferred. Two lines at the bottom represent the mutations
introduced to the ISul O 7 sequence, which are also boxed in the 1Sul O 7 sequence.
Figures at branching points represent bootstrrap values estimated by calculating for 1000 repetitions of
resampling. The scale bar represents 0.1 subbstitutions per amino acid position.
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Fig.040 Method of inferring the ancestral amino
acid at the position 152 wusing the
phylogenetic tree shown in Fig. 3A
0 Miyazaki et al.,[02001 0
Letters at the far right position of
respective branches represent the amino
acids at the position 152 in the enzymes
of respective species of the corresponding
branches shown in Fig. 3A. The ancestral
residues were inferred from right to left
following the branches. The far left node
represents the common ancestor of all
living organisms, and the ancestral ami-
no acid at the position 152 in the
ancestral enzyme was inferred to be R.
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Table[200 Thermal stability of the wild type and mutants of
Sulfolobus tokodaii isopropylmalate dehydogenasell Mi-

yazaki et al., 20010

ooooooooboOooooo

ooooooooo
000-all M91L/195LO
00 0-b0 K152R/G154A0
000 -0 K152RO
000-b0OG154A0

000 -cO A259S/F261P0
000-dOoyas2LO

000 -abed

0 M91L/195L/K152R/G154A/A259S/

F261P/Y252L.0

96.00 0.00

99.20 0 3.20

97.20 0 1.20

95.60 0 0.40

97.90 0 1.90

97.10 0 1.10

94.70 0 1.30

96.40 0 0.40

gdoboooboooooooouoooooooo
gobboooooooooooooboouoooa
godz2000000oooooobooooooa
gdoboooooboooooboouooooo
goooooooooooooobboouoooa
goooooeel Dooooooooooobooo-
b0 K152R/G154A0 0 O O-b*0 G154AM1 0 O
0 -dJ A259S/F261P110 O O -abcdd M91L/195L/
K152R/G154A/A259S/F261P/Y282L110 50 0O
gdoboboouoooooboooooboooooo
gooooooooooooooboboouoooa
gooooooooooooooooooooa
gdoboodooboooooooooooooo
goooooooooooooobbooooa
goddddooooooooooomoooda
gdoboboouooooobooobooooooo
0000 O Miyazaki et al.,[2001[1]

voooooooooboboboooooog

gooooooobboboooooboooood
gooooddoddoooooooooooooo
goooobouooboouooooouooobo
Miller O O O O Miller and Lazcano, 19950 0 O

goobdoboooooooodobooooa
O0000o0oooo0moooooooooo
00000000000 00o0oooDoooo
goobooooobooouooodooooooa
0000oo00ooooooooooooooooo
00000Do0oooooooooooooon
45500000000 ooouooooooa
00000000ooo0oUuooooooooooo
O00o00o0oooooooooooooooon
goobodooboobooobooouobooooa
0000000o00oo0oooooooooooo
O00o00o0oooooooooooooooon
O0000o0oodooooooooooooon
0000000o00oD0o0oooooooooooo
O00000o0oooDooDooDooooDoog
O00o0oo0ooooooooooooooon
O0000000OGogartenD 0000 O0OO0O
0 0 O O Gogarten-Boekels et al.,[1995[T]

godoboooboobouooboobouoooooa
O000000o0opooooooooopoooo
0000 Forterre1 199600 000000000
O000oo0oooooooooooooooon
00000000ooo0oUooomooomon

IO —



gdobobooooooobooooooooooo
gooooooooooobobbooooood
gooooooooooooooooooooa
Ogoo0o0oo00o0o0o0oOoooooooboboooooa
goooooooooooooobbooooa
gooooooooooooooooooooa
ogooooo

OGartierd GO COUOOOODO M Galtier etal.,
10000000 ooooooooooooon
ORNAODODOOOOOOODODODOODDODOMOO
gooboooboooobbooboobooo
rRNAOOOODOOODOOOOooooooooa
Oo0oopooooooo 20000000000
godddooood rRNAODODOOOGOGOGO
gooooooOooooooooooooooa
gooooooooooobobooooooooa
goooooooooooobobobO rRNAOOO
gcoOcooooooobooooooooooda
goooodoooa
gooooobobboooooooobooooog
0000000000000 DOOOOoDDoolittle
gooooooo0oooooooboboooooa
0000000000000 Doolittle, 199911 O
10000000000000000 RNADODOO
goooooo0ooooobbooooooooa
goooooooooooooobboooog
goboooooooooooooooooooa
gooooobooobooooobooobooooD
gopooooooooooooooboouooog
goooooooooooooobboooooa
gooooooo0ooooooooboooooa
goooooooooooooobboooog
gooooo
gooooooooooooooooooooa
goooooooooooooobboooog
gobooooooooooobooooooooa
gooooooo0ooooooooboooooa

gboboboooobooboboboboobooooo

goooboooobobbooooobbooob
ooooooboboooboboobobooog
gboooboboooboobooobobobooo

gboboooooboboobobobobooobo
gbooooooboobobobooooboong
gboobooooobobooobobobooobo
gbooooboboooooboboboobobo
gbobooooboobooooboobooboobo
gboobooooobobooobobobooobo
goog

O0O0O00 PhilippeO0 OOOOOOOODOOO
O00O0O0OO0OO0O0OO0O0O0ODOOO0ODOodBrochier
and Philippe, 200200 00000000000
gboboooooboobooobobooboobo
gboooboooooboboobobobbo
gboboboobobobooobobooobo
gboobooobobbooobobobobbo
gboooooboobooooobooboobobo
gboboooooboboobobobobooobo
gboooooooooboobobobo

vioooooo

goooooboboouooooobobobooooog
dooooooooooooooooooooao
Jdoooobbooooooooobboooooo
gooboobbooooooooobobooooog
000000 Miyazaki et al.,[zo01C 00000
goooooooooooooobooooooo
gooooobbooooooobobooooog
dddddooooooooooooooooon
gooooooooooooooooooooo
gooooboooooooooboooooog
dooooomoooooboooooobooooo
doooobobooooooooobboooooo
goooobooooooooobobooooog
dooooooooooooooooooooao
gooooooooooooooooooooo
goooobooooooooooboouoooog
dooooooobbobooooooboboooooo
goooboooooooooooooooooo
goooobooooooobboooooooa
doooooooooooooobooooooo
00000 0dMalcolm et al.,[11990; Jermann et
al.,[11995; Stewart, 1995[1]

IO —



oooo

Brochier, C. and Philippe, H.O20020A non-
hyperthermophilic ancestor for Bacteria. Nature,
417, 244.

Brock, T.D.01985[1(Life at high temperatures.
Science, 230, 132-138.

Doolittle, W.F.O 1999[1[Phylogenetic classification
and the universal tree. Science, 284, 2124-2128.
Feng, D.-F., Cho, G. and Doolittle, R.F.00 199710
Determining divergence times with a protein
clock : Update and reevaluation. Proc. Natl. Acad.

Sci. USA, 94, 13028-13033.

Forterre, P.0019961CA hot topic: The origin of
hyperthermophiles. Cell, 85, 789-792.

Galtier, N., Taurasse, N. and Gouy, M. 19991[A
nonhyperthermophilic common ancestor to extant
life forms. Science, 283, 220-221.

Gogarten-Boekels, M., Hilario, E. and Gogarten, J.P.

0199501 0The effects of heavy meteorite bombard-

ment on the early evolution—The emergence of
the three domains of life. Ori. Life Evol. Bio-
sphere, 25, 251-264.

Jermann, T.M., Opitz, J.G., Stackhouse, J. and
Benner, S.A.0019951[Reconstructing the evolu-
tionary history of the artiodactyl ribonuclease
superfamily. Nature, 374, 57-59.

O000o2003 0000000000 0O0O0O0O1120
262-2760

O00opoOoooooOo1e9etmooooonoon
oooooo

Malcolm, B.A., Wilson, K.P., Matthews, B.W.,
Kirsch, J.F. and Wilson, A.C.0 1990C1[Ancestral
lysozymes reconstructed, neutrality tested, and
thermostability linked to hydrocarbon packing.
Nature, 345, 86-89.

Miller, S.L. and Lazcano, A.00 1995[1(0The origin of
life—Did it occur at high temperature? J. Mol.
Evol., 41, 689-692

Miyazaki, J., Nakaya, S., Suzuki, T., Tamakoshi,
M., Oshima, T. and Yamagishi, A.0 2001
Ancestral residues stabilizing 3-isopropylmalate
dehydrogenase of an extreme thermophile: Ex-

perimental evidence supporting the thermophilic
common ancestor hypothesis. J. Biochem., 129,
777-782.

O00o0oU0ooooooooooooO1990tm OO
O0O0O0DOODODONei, MO 19870 [Molecular Evo-
lutionary Genetics. Columbia University Press.

Pace, N.R.00 19911[0rigin of life: Facing up to the
physical setting. Cell, 65, 531-533.

Stewart, C.-B.[0 19951 Active ancestral molecules.
Nature, 374, 12-13.

Suzuki, T., Inoki, Y., Yamagishi, A., Iwasaki, T.,
Wakagi, T. and Oshima, TJ 1997 [Molecular and
phylogenetic characterization of isopropylmalate
dehydrogenase of a thermoacidophilic archaeon,
Sulfolobus sp. strain7. J. Bacteriol., 179, 1174-
1179.

Woese, C.R.0 1987[i[Bacterial evolution. Microbiol.
Rev., 51, 221-271.

Woese, C.R. and Fox, G.E.O 19770[Phylogenetic
structure of the prokaryotic domain: The primary
kingdoms. Proc. Natl. Acad. Scie. USA., 74, 5088-
5090.

Woese, C.R., Kandler, O. and Wheelis, M.L.00 199001
Towards a natural system of organisms: Proposal
for the domains Archaea, Bacteria, and Eucarya.
Proc. Natl. Acad. Sci. USA., 87, 4576-4579.

oooopi1998 000000 onooooooog
000o0o00oo0o0ooOo0ooOoOooooooo
16-390

gooooz002 D 0000000oOooooooog
0000000 0O0000oo0o0oooooooo
17-260

00ooooOoooopoeestdmooooooooog
0000000000000 ooO470997-10030

Yamagishi, A., Kon, T., Takahashi, G. and Oshima,
T 19981 [From the common ancestor of all living
organisms to protoeukaryotic cell. In Wiegel, J.
and Adams, M.W.W. eds.: Thermophiles: The
Keys to Molecular Evolution and the Origin of
Life? Taylor & Francis Ltd., 287-295.

020030 20 14000020030 4050000

IO —



