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Protein-mediated metabolism




Cofactors reflect ancient catalysis:
White (1976) J Mol Evol 7:101-104

Nucleotide cofactors:
Kyrpides and Ouzounis (1995) J
Mol Evol, 40:564-569

Iron sulfur

cofactors:

Wachtershduser
(1990) PNAS
87:200-204

Ribozymes as N\ Zinc cofactors:

metalloenzymes: Amino acid derived cofactors: Mulkidjanian and Galperin
Yarus (1993) FASEB J 7:31-9  Szathmdary and Maynard Smith (1995) Nature, 374:227-232 (2009) Biol Direct 4:27
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Tree from Ciccarelli et al. (2006) Science 311:1283-1287
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Last Universal Common Ancestor

1. Compare genomes
or proteomes across
species representing
the whole tree of life

Tree from Ciccarelli et al. (2006) Science 311:1283-1287
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Last Universal Common Ancestor

Harris et al. (2003): 80 gene families (COGs)

Mirkin et al. (2003): 571
gene families (COGs)
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Ancient Enzyme Functions in
Metabolic Pathways
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Ancient Metabolic Pathways
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Ribozymes found in life

RNase P
Hammerhead ribozyme cleaves RNA

self cleavage

Peptidyl transferase 23S rRNA
is the RNA component of the ribosome

GIR1 branching ribozyme
MRNA capping

CoTC ribozyme
self cleavage

http://reference.findtarget.com/

. Hairpin ribozyme
Group | and Group Il introns self-cleavage and ligation
self splicing

Mammalian CPEB3 ribozyme
self cleavage

HDV ribozyme
process the RNA transcripts to unit lengths

glmS ribozyme
catalyzes the production of
glucosamine-6-phosphate

VS ribozyme
cleavage of a phosphodiester bond




Ribozyme Functions
2 4 6 3 10

Oxido-
Reductases

Transferases

Hydrolases

Lyases

Isomerases

Ligases

Bernhardt et al. (in preparation)




Potential for a Ribozyme Metabolism
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Potential for a Ribozyme Metabolism
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Ribozyme Hypothesis Testing

LUCA Models
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Welcome to LUCApedia

LUCApedia is a unified framework containing multiple datasets related to the Last Universal Common Ancestor (LUCA) and its predecessors. The database can be searched by protein name or Uniprot
ID. Text and SQL files are also available on the download page.
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protein name

Threonyl-tRNA
synthetase

Threonyl-tRNA
synthetase

Methionyl-tRNA
synthetase

Prolyl-tRNA
synthetase

Prolyl-tRNA
synthetase

Arginyl-tRNA
synthetase

Glycyl-tRNA
synthetase

Phenylalanyl-
tRNA synthetase
alpha subunit

Uniprot IDs?
SYT_STAAW

SYT_ECOLI

SYM_PYRAB

SYP_METJA

SYP_METTH

Harris et
al., 20032
(CoG
1D3)

COG0442

COG0442

SYRC_YEAST COGO0018

SYG_THET8

SYFA_THET8

Mirkin et
al., 20034
(CoG
1D3)

COGO0442

COG0442

COGo0o18

Please enter protein name or a Uniprot ID (also called "entry name"):

synthetase

exact protein name

Delaye et al., 20055
(Pfam ID®)

tRNA-synt_2b,
HGTP_anticodon

tRNA-synt_2b,
HGTP_anticodon

tRNA-synt_2b,
HGTP_anticodon

tRNA-synt_2b,
HGTP_anticodon

tRNA-synt_1d,
Arg_tRNA_synt_N

tRNA-synt_2b,
HGTP_anticodon

tRNA-synt_2d

Goldman et al. (2013) Nucleic Acids Res, 41: D1079-82

Yang et al.,
20057 (SCOP
superfamily
1D8)

d.67.1,
d.104.1,
c.51.1

d.67.1,
d.104.1,
c.51.1

c.26.1,
b.40.4, a.27.1

d.104.1,
c.51.1

d.104.1,
c.51.1

c.26.1, a.27.1

d.104.1,
c.51.1

d.104.1,
b.40.4

Wang et
al., 2007°
(scop

fold 1D8)

d.67, d.15,
d.104,
c.51

d.67, d.15,
d.104,
c.51

c.26, b.40,
a.27

d.68,
d.104,
c.51

d.68,
d.104,
c.51

d.67, c.26,
a.27

d.104,
c.51

d.58,
d.104,
b.40, a.6,
a.2

partial protein name  Uniprot ID

Srinivasan and
Morowitz, 200910
(Enzyme
commission code??

6.1.1.14

Ribozyme

function Amino
(Enzyme ucleotide acid
commission factor cofactor
code'?) sage usage
6.1.1.10 - -
6.1.1.20 - -

Iron
sulfur
cofactor
usage

Next —

Zinc
cofactor
usage

zinc (By
similarity)

zinc

zinc (By
similarity)
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