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Elucidation of the molecular mechanism of polyspermy block system in avian eggs
and development of a long-term preservation method for avian egg
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In this study, we focused on the analysis of molecular signaling related to
egg activation (initiation of egg development) in Japanese quail, a polyspermy animal. We
successfully identified three maternal Ca2+ receptors that mediate two Ca2+-increasing responses
(transient and spiral-like oscillation) essential for quail egg activation and found that only
transient Ca2+ signaling activates meiotic resumption signaling in the eggs. It was also found that
egg- derived deoxyribonucleases are not involved in the degradation of sperm nuclei that are not
fused with female nucleus.



B X C—19, F—19—1, Z—19 (Jam)

1. WFFEBRME 4P O &

(1) BB 2R O TR ) 2 O HILEICE S £ THAZB 2 TRIFESh TV
DN, FHEEM) CIIZ SRR NLDT- DT 2 DD HEI HHIE A L > TV 5, 1 DITHEZR T, 1{F
DOFEFDOIHBNIPNIZIRAT S (R, E2 B mAE, BEEYEWILE) . oo, &
HIOREFDIFNITIR AT D & IEs TOZIEES UL DHEEE L, 55 2 IO OIR AN H
EXN5, b9 1 2FABNSIEZIE T, ZRBIEGEEN M- TRWD, 1 EOIFNIZHEE
DR INERGINRE AT D (R ARE, AR B mASE, MeddE, HyUsEmalE, 58, &%
DA IINIR A LTI DR+ DIE & A EBREMERTEE~ & B3 D28, EEICHEMER: & @l
T DUEMERTRZT L DA (EHEMERTEE) TH D10, 2MEERTORENMEFES N TWD, 0D
th, D A TRIEME FTRZ 1T AEFEAR ORI U St WIE O INEIR 2 iR S LD EMICH D |
ZHIEEREZREEOT TH BEICHRR RS L LTHaLNTWD, LML, [MldEKo
B RIINICBEATALERHADD, JIRNICBWTED X 512 LT ELEMER A RIRENT
WDHDN FT2ED X DI UTREIREMERTEZE O R0 R S 3L H DD, 105 DOIFNG T HEREIZ D
WTIEFE o< B SN TWAh o= BTN ),

(2) INFETICEAIT, VAT OZRERFZINIE NI S5 61 B SR IPIRTE LA+ &
LT, HAATZ Y —F C¥—4# (phospholipase C zetal : PLCZ1) . 7 = & RkEE#E (citrate
synthase : CS) B L7 2=y gk KT #—+F (aconitate hydratase2 : AC02) Z[RET 5 Z
SN L. BRSO BEBIIZZENEND X 7 B AT 100 B4 a4 8Ll BT
BDHZEEMBMNILTE L, $£72 PLCZL BNAEAHTINMAENIZIHIT 5 Ca® 7 = —7 R CS &
ACO2 IEBHT AL TILEE Ca¥' A L— 3 Vs, TN NI X OHER & ZEIROE
— PR R OB TICEERFEH EZ R L Wbt Ex kT BIHAXHNZ2) , Lo
L., Ca*' 7= —TRANRA Tk Ca¥ A v L— 3 OFERIZE D D MR 752 5D I
W7 U o T OFEMIIRTE 512002 TV, BRI SRR BRI 5 0 il

(deoxyribonuclease : DNase) DFE T « Ik G- % 2 ELZ ORIEE (BT 3) 2RI 55
A7 MRAT IR, TEREEATEZ DRI O RIBEME ATAZ O 3 G ORI O —Bh & 72 27217 T <
clustered regularly interspaced short palindromic repeats/Cas9 (CRISPR/Cas9) =
transcription activator—like effector nucleases & VU o 7=4b3k N LHIREESRAZEE 2 1 AR
JR~DE AT 5 ECTEELRMIERETH D,

2. WO BER

AWFGE I, AFZERFEZFOREH L= “BHEICBIT 5 2SR O35 50T
%2 EEBEC, OFF1HRIMRIGELE 1T 5 PLCZL, CS, ACO2 (T X 2 JNHMHILE Ca® i EEHE N
IS EARNT 28 Ca¥ ZRIRDRIERB L OF D% D Ca*' v 7 /v b A — RfigdT, Q1
DNase DR BEREMNT 2 7 XTI E2H W TIro72, & HIZQ@IFMIE N F1E ANk
(intracytoplasmic sperm injection : ICSI) 12X o> CTHEH L7= 1A~ X Z JFIZ cyelin D1
(coNDl) EinFEA % —4 v F4 5 CRISPR/Cas9 o AT LOEAFFNT 21T L & b2, @Zh
FCRARETH » T2 BRI EHIMRG 2 Al el T 2 HiN OB ICETT52 %2 B
HeEd 5,

3. WDk

(1) - Ca? 2 BRIEDRIEE L O Ca> s 7 F Vb A — RN - HEIRELE O 7 X F IO R H
5 total RNA Z4hiHH L. ZIT 2 Ca¥Z /A% RI-PCRIEIC L o CRIE LTz, ETEREOR SN
T2 RARD X X R B AR RPUARZ W TR T 5 & &I, PLCZI, €S, ACOZ2 cRNA $&
HRICBT X RV ERBLOEE #HE Lz, & 5IZZED%ROBEHOFR A & 5 RHER
TRED AT & Ik L7z,

(2) DNase FEHIBHHEMEMT : DNase (2613 2 Hr BAYHUAZ FW TH RSB X OWEIRE % O IR
BT DHBUENT 21T 9 & & I, ZREICHE S 2 b OB 2 HIE S 5 70 FEEO R E
FREL T e T A — A2 EE L,

(3) CRISPR/Cas9 Iz XD CONDI BB LY ) DEREE T A T IMOfEHT : CCND1 & > /87 g % 21—
N2 % 2 —7 v &3 % sgRNA Z/ERL L, 4% Cas9 cRNA & & (2 ICST 1T & » THERK
L7= 1 MBS 5 L=, £1-F0%ICHEIT A5/AEEB L UMWY ) MMENT 2 4 T2
FIEABUE LT EM L7,

(4) KEZREINOEHURIFIEOBE : HEINE % OIFZEE L, ORI 2 &5 7 a7 7 —E
EXRNOFET T (15°C) FHERTE Lz, WHINOZIEREZ MR T 5729, PBS THyft4. ICSI




JLEE - 24 R ORNEER 21T - T2,

. AT

(1) FHEC*ZRIKDEIE & Ca® > v A — NI - HESf &= XFIICH1F 5 Ca®
SRR, A ) b=V UEERRIR (ITPR VT 7V UZ /IR (RID) OT A Y 7 —A5D
F Bl RT-PCR{E A AW THNT LT-AS R, [TPRZ A 771 (ITPRD) & %A 73 (ITPR3) ¥ LN RIR
AT 3 (RIRY) DIRBNRD G, FloihEzA Wiy o A7 ay MEfihbZNLLDX
NI EFRB LD LT, ittﬁ ITPR1 & ITPR3 D43 fiRi% PLCZI cRNA OHMFEIC k- TH
i XAV EEIZ S Z ORI B MED Ca MM T T 5 R & —F L Tz, & 512 ITPRI
BELOITPR3IZ K »THEIN L 72— @@ Caz*/ﬁ‘f/w;t\ c-MOS = cyclin B (CCNB) D4yfiR % i
LC. IR WA HEOBRZHE L TWD Z &b oz, THRAJIC RYR 3 ™ \ﬁ¢i PLCZI
cRNA DVEATITER ST, 0SB LN ACO2 cRNA JE A 3 R (55 —PREIDOBAERE) 123\ T
DHFEREINT, FTZRYRBIZK DAL TEE Ca¥ A L— g U T FuiE, c-MOS %D CCNB
DRI E G LW & b bhol-,

(2) DNase FEELENAEAFNT : DNase HUfhz HV o oAb SfRAT 2 520 L 725 . S HIRS 1 CI3ER
ERORZ RN, HEINE R DI ORMIFLE ([ZJRE L TWD Z ElbhoTz, ORI,
Pk DNase [T B F AL E TV D DIZxF LT (U-DNase) . ¥ FHRDEMIZZE D X 5 IfbpE
il XfERR S 2o Tz, LU S| F1-H3K DNase, U-DNase (A& DNA (Z%9° % Z0fiRGE
IR SN TV e, FTBAREICHE OGN REIND U-DNase LR EBZICOEIND Z &N
ML, ZONMRITHEFHR S BLOAC02 DEHIZL > TAAMICHBE TX A2 ENbho
710 S I B\ ITEE O T T T =X R ERFEHRLTEBY . 2152 X 5 DNase

IRIX. FEFHSK CS, ACO2 EHET 1T 7 Y — A BEE & //\7E&®ﬁ*/\%ﬁbfﬁ£ém
%) Ebhoto, — )5, FEFH¥D DNase 135 FIEER & LTIV EICEV IAEND Z L3
MoTeM, T DO%OEREIZ OV TITHAERET TH 5,

(3) CONDISEAGTVEY ) IR U XZ MOFRYT : 7 X7 INEIA T — L OPIAIRIZ BN T, AT
— UV LAREIZ CONDI mRNA 38 KONV D & X 7 B BN GE O BT — 57 C, CCNDL @ U ik
— ) NEZ LRI ETH DR retinoblastoma (Rb) DA EN 27— VI ﬁ)Bﬁﬁfﬁéﬁ’Cb\ﬁo
F 72 CRISPR/Cas9 A7 AT LV CONDL SBARTFHEN T ) M S L2 X TIRD AT,

— IV TCOREEILEZTRTELEHIZ, Rb DHRLEZ > TWRho7-, EHITRb Wit%ﬁﬁb\f:
G VR REARAT 775 . CONDL DAFE FC, Ro k7 2 VR CTHHE Y v« AL A= NV Uk &
NHZ ERNbNY, FNEEE

2o CTRHERD IZSEINAZ &N 4B 27TV 2F—UX
Mo 72 Rb ITHE B[R+ CTd 5 E2F

OEEIFT L LR35 = &2 @

@ Rb

HIBILTH Y, Rb OAEMNTLHE S \ /
ﬁ(b\éxTP“.\/ V ulSLF j’Ol/\VC ﬁ'](ﬁﬂlil? @—».
1% E2F (2 X BT 7 ADOHEENE E2FE / — l X/é\
Ml TWLZENTHRIND — g

(), AT =T VInBREDN AL o : :
1% mRNA @Tgf’@x?**“/‘v D I [ Gl S By LEE Gl r

THEEEIND Rb R COND] DEERTE  — B U X7 OBt IEBBIIC Y 55 T |
BATS 2GR E AR — F 5,

(4) RZHEINOEMRIEE : Protein kinase A B X W protein kinase C ORHEX|Z JEINE %
DINTIRA#BET D52 LT, AR TS 2 HERAF LICARZEINT, ICST 1T K D5H - FEAZREN
f%ﬁémm\é L HBRE LD T, RRANIT, BLEA % 28 L TOZR WIS CORAF L 72 I8
W2, 2R - BRARITRD bR T2,

<G FH>CHER>

1. Mizushima S. Polyspermic fertilization 2. Advances in Experimental Medicine and
Biology, 1007:105-123, 2017.

2. Mizushima S, Hiyama G, Shiba K, Inaba K, Dohra H, Ono T, Shimada K, Sasanami T.
The birth of quail chicks after intracytoplasmic sperm injection. Development, 141:
3799-3806. 2014.

3. Stepinska U, Olszanska B. DNase I and II present in avian oocytes: a possible

involvement in sperm degradation at polyspermic fertilization. Zygote, 11: 35-42,
2003.



9 9 0 3

Mizushima, S., Sasanami, T., Ono, T., Kansaku, N., Matsuzaki, M., and Kuroiwa, A. 476

Cyclin D1 gene expression is essential for cell cycle progression from the maternal-to-zygotic 2021

transition during blastoderm development in Japanese quail

Developmental Biology 249-258
DOl

10.1016/j .ydbio.2021.04.005.

Okuno, M., Mizushima, S., Kuroiwa, A., and ltoh, T. 13

Analysis of Sex Chromosome Evolution in the Clade Palaeognathae from Phased Genome Assembly 2021

Genome Biology and Evolution evab242
DOl

10.1093/gbe/evah242

Mizushima, S., Sasanami, T., Ono, T., Kansaku, N., and Kuroiwa, A. 59

Inositol-1,4,5-trisphosphate receptor-1 and -3 and ryanodine receptor-3 may increase ooplasmic 2022

Ca2+ during quail egg activation

Journal of Poultry Science 175-181
DOl

10.2141/jpsa.0210041

Okuno M, Miyamoto M, Itoh T, Seki M, Suzuki Y, Mizushima S, Kuroiwa A. 10

Expression profiling of sexually dimorphic genes in the Japanese quail, Coturnix japonica. 2020

Scientific Reports 20073

DOl
10.1038/s41598-020-77094-y




Matsuzaki M, Hirohashi N, Tsudzuki M, Hagani MI, Maeda T, Mizushima S, Sasanami T. 100

Longer and faster sperm exhibit better fertilization success in Japanese quail. 2021

Poultry Science 100980
DOl

10.1016/j .psj.2021.01.003

Matsuzaki M, Hirohashi N, Mizushima S, Sasanami T. 227

Effect of sperm surface oligosaccharides in sperm passage into sperm storage tubules in 2021

Japanese quail (Coturnix japonica).

Animal Reproduction Science 106731
DOl

10.1016/j -anireprosci .2021.106731

Matsuzaki, M., Mizushima, S., Dohra, H., Sasanami, T. 57

Expression of transferrin and albumin in the sperm-storage tubules of Japanese quail and their 2020

possible involvement in long-term sperm storage.

Journal of Poultry Science 88-96

DOl
10.2141/jpsa.0190049

21 2 1

- retinoblastoma

92

2021




Coturnix japonica W

72

2021

DAZL deleted in azoospermia-like mRNA 3" -UTR

45

2021

45

2021

2022

2022




2020

21

2020

DAZL (deleted in azoospermia-like)

44

2020

Annexin6é

2021

2021




2021

2021

2019

Mizushima, S., Sasanami, T., Ono, T., Kuroiwa, A.

The role of inositol-trisphosphate receptors during egg activation in Japanese quail

The 2nd International conference on Tropical Animal Science and Production 2019

2019

ATPase

2019

2019




42

2019

42

2019

DAZL

2020

2020

https://ww2.sci.hokudai .ac. jp/faculty/researcher/shusei-mizushima
HP
https://ww2.sci.hokudai .ac. jp/faculty/researcher/shusei-mizushima




(Kuroiwa Asato)

(Sasanami Tomohiro)

(Ono Tamao)




