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Evolution of egg envelope digestion system of fish hatching enzymes: the birth
of a new system in the evolutionary process

YASUMASU, Shigeki
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Teleost hatching enzyme genes have evolved from a single enzyme system to an
efficient egg envelope digestion system of two enzymes (HCE and LCE) due to gene duplication. Ayu
(sweetfish), which diverges early in euteleost evolution, is a three-enzyme system (HCE, LCE and
HE). Ayu HCE shows similar activity to other teleost HCE, but Ayu LCE or HE does not efficiently
digest egg envelope even when combined with HCE. Molecular phylogenetic analysis has shown that LCE
and HE are the result of duplication of the same ancestral enzyme gene. These results suggest that
the process by which one of the duplicated genes acquires a novel function involves more complicated

evolutionary steps.

ZP



2 HCE
LCE
cladel
3
(HCE, LCE, HE )
2
cladel/HCE cladell
cladell LCE HE
HCE LCE HE clade |
HE
3
HCE-LCE
[ Otocapnaia |
1 Evteleastes
HCE LCE cladell
HCE cladel/HCE
LCE
HCE chgH/Hm  chgL
Chg ZP
chgH/Hm ZP N Pro-X-Y
ZP HCE LCE
HCE Pro-X-Y
LCE ZP
mid-ZPD
ZP N-
HCE
LCE cladell
mid-ZPD
LCE
3
chg ZP ZP 3

Han et al., Cell 143, 404-415 ZP

ZP

Luca Jovine



3 HCE,LCE HE

CDNA PET3c
M M M Tris HCI H8.0
SDS
HPLC N-
chg
pET3c
HCE  LCE
Superdex200 F1 F2
F2
F 20mg/ml
rAyuHCE
HPLC
ZPB N Pro-X-Y
AyuHCE
rAyuHE
SDS
LCE
HE 20 HE
HCE HE
rAyuLCE
AyuLCE
LCE N- 2 2
LCE
+2rAyuL.CE
+2rAyuL.CE +2rAyuLCE
mid-ZPD
AyuLCE LCE
LCE LCE
LCE
3 HE
2
LCE
MidzPD HE
3 260 ZP
ZP
ZPA ZPAX ZPB  ZPC ChgH/Hm  ZPB
chgL ZPC ZP ZP-N  ZP-C
ZPC 3
zpP D
F2 chgL ZP chgH ZP-N  ZP-C
3 F2 Jovine
H
o ! - - T o ol
zP-C  ITPN P
e o ] 14+
2.7 ZP ZPC  ZP-N  ZP-C

ZP-N  ZP-C



LCE

mid-ZPD
mid-ZPD

X



Yokokawa R, Watanabe K, Kanda S, Nishino Y, Yasumasu S, Sano K. 299(4)
Egg envelope formation of medaka Oryzias latipes requires ZP proteins originating from both the 2023
liver and ovary
J Biol Chem. 104600
DOl
10.1016/j . jbc.2023.104600.
Fu B, Wu D, Yasumasu S, Hane M, Sato C, Kitajima K. 10;13(1)
Critical Role of the Cortical Alveolus Protease Alveolin in Chorion Hardening In Vivo at Medaka 2023
Fertilization.
Biomolecules 146
DOl
10.3390/biom13010146.
Nagasawa T, Kawaguchi M, Nishi K, Yasumasu 22(1):9.
Molecular evolution of hatching enzymes and their paralogous genes in vertebrates. 2022
BMC Ecol. Evol. -
DOl
10.1186/s12862-022-01966-2.
Sano K, Shimada S, Mibu H, Taguchi M, Ohsawa T, Kawaguchi M, Yasumasu S. 23122
Lineage-specific evolution of zona pellucida genes in fish. 2022
J Exp Zool B Mol Dev Evol. 181- 191

DOl
10.1002/jez.b.23122.




Kawaguchi M, Okazawa Y, Imafuku A, Nakano Y, Shimizu R, Ishizuka R, Jiang T, Nagasawa T, Hiroi 11(1):7230
J, Yasumasu S

Pactacin is a novel digestive enzyme in teleosts. 2021

Sci Rep. -

DOl
10.1038/s41598-021-86565-9

Stsiapanava A, Xu C, Brunati M, Zamora-Caballero S, Schaeffer C, Bokhove M, Han L, Hebert H, 39(24)
Carroni M, Yasumasu S, Rampoldi L, Wu B, Jovine L.

Cryo-EM structure of native human uromodulin, a zona pellucida module polymer. 2020

EMBO J. 106807

DOl
10.15252/embj .2020106807

93

2022

TGase

2022




92

2021

2021

Prof. Luca jovine Karolinska
Institutet




