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Protein evolution from simple peptide to versatile protein fold
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In this project, | have succeeded in experimentally reconstruction of the
evolution of the B -barrel structure conserved in many proteins involved in the gene expression
system. First, 1 found that the B -barrel fold DPBB conserved in the active core of RNA polymerase
can be reconstituted from a short dimeric peptide of about 40 residues consisting of seven types of
amino acids. | also found that this simple short peptide can adopt a new B -barrel structure, DZBB,
which is not found in nature. The DZBB can be converted to other (B -barrel protein folds, such as
the OB structure, suggesting that it may be the missing-link in the evolution of proteins. These
findings are a remarkable achievement in elucidating the early evolution of gene expression systems.

RNA



1958
Crick, et al., Symp. Soc. Exp. Biol., 1958

60
DNA RNA
DNA RNA
RNA
DNA/RNA
DNA/RNA B Double-
psi beta-barrel DPBB
RIFT OB SH3
B B
B
RNA DPBB
DPBB B
3.
RNA DPBB
DPBB N C
DPBB 40
DPBB 80 DPBB
DPBB
DPBB DPBB
40 DPBB 40
20
20 DPBB
DPBB B
X
4.
DPBB
DPBB \
Methenopyrus kandrerii
Aeropyrum pernix (3 )
VCP  DPBB 40% yg"
DPBB RNA
40 DPBB DPBB
. 40 80 3400
DPBB
DPBB 13
10 DPBB X 5
DPBB
DPBB 43 DPBB
DPBB 50



13
Ala, val, Gly,

DPBB

Asp, Glu, Lys, Arg DPBB
43 7 DPBB

Journal of the American Chemical Society

B
@ DPBB
B
Metamorphic X B
B
Double-zeta beta-barrel (DZBB) DZBB
B RIFT 0B-fold
RIFT
DZBB DZBB DPBBRNA

DZBB
c B3
N B

at’

DZBB

DZBB 0B OPBB

M hi
RIFT _— !
N B
- : T
a N i i
me e

DZBB

RIFT
DZBB RIFT
OB N B
=3
0B “ N
(Permutation) r—
SH3 3 B
DZBB B
DPBB B RIFT OB SH3
B
B
B
2023 B
Rubredoxin  SH3
SH3
Rubredoxin Rubredoxin
X Rubredoxin
Rubredoxin B
Rubredoxin



4 2 1 2

Sota Yagi, Aditya K. Padhi, Jelena Vucinic, Sophie Barbe, Thomas Schiex, Reiko Nakagawa, David 143
Simoncini, Kam Y. J. Zhang, and Shunsuke Tagami
Seven Amino Acid Types Suffice to Create the Core Fold of RNA Polymerase 2021

Journal of the American Chemical Society

15998-16006

DOl
10.1021/jacs.1c05367

50
7 B 2022
Viva Origino 1-9
DOl
10.50968/vivaorigino.50_1
Yagi Sota Padhi Aditya K. Vucinic Jelena Barbe Sophie Schiex Thomas Nakagawa Reiko -
Simoncini David Zhang Kam Y. J. Tagami Shunsuke
Seven amino acid types suffice to reconstruct the core fold of RNA polymerase 2021
Biorxiv -
DOl
10.1101/2021.02.22.432383
Yagi Sota Tagami Shunsuke -
Missing-link fold reveals the evolutionary pathway between RNA polymerase and ribosomal 2023

proteins

Biorxiv

DOl
10.1101/2023.07.05.547881




14 4 4

Sota Yagi and Shunsuke Tagami

Experimental reconstruction of the evolutionary pathway bridging central dogma machinery via a missing-link fold
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Reconstruction of the evolution of the ancient b-barrels with a limited amino acid types
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