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Kenji Funakt and Keita Kizuk:
Sperm Maturation and Motility Initiation Pattern in the Paraspermatozoa of Cipangopaludina Japonica

ABSTRACT

Generation of two types of spermatozoa, eusperm and parasperm is a common feature in most Prosobranch
snails. In addition, Cipangopaludina Japonica produces two different sized parasperms, micro and macro parasperm.
Recently, we have reported that there was a remarkable difference in the motility initiation in vitro between micro
and macro parasperms, that is, at the start of culture, all the micro parasperms have actively moved, while the
macro parasperms have never shown any motion. After then, the fact was newly observed in some individuals that
both micro and macro parasperms had actively moved at the start of culture. About these differential patterns of
motility initiation were divided into two type, namely, the former is type A and the later is type B.

In present investigation, the motility initiation pattern of the macro parasperms was type A in individuals with
well-developed testis in which almost all the eusperms were on the way of metamorphosis, indicating that the
spermatogenesis is very active. In contrast, the motility initiation pattern was type B in individuals with under-
developed testis in which almost all the eusperms have done metamorphosis. Furthermore, the motility activity
of eusperm was very low in individuals which parasperm indicate the motility initiation pattern of type B. These
findings indicated that the motility initiation pattern of parasperm is type A in the bleeding season of this species
and it is important for reproductive advantage.

[¥—U—F:FFsy =2, EHGH Y — >, BERT, BT

[Keywords : Cipangopaludina Japonica, motility initiation pattern, parasperm, sperm maturation]

1. 12LOHIC 1932 ; A - HIkF, 2006).

INFET, RAKFORRERTHGEFE I DWW TILRE
% L OB TIE, FIC X DT RREDOLEN & I, BRI T b TELD, ZOHRENIOWTIEVWT
[f—fE, [A—ERICBWTY, BECEIE LR 5 H HEREIZE SN T, B FOREZFHT 5720
By A TORIPERENE ZEPHONTHE, 2O 21E, ZOEEIIOWTOEMENL T 70— F 03
55 MG ERTOLENEE WS (Sivinski, 1984 ; B - aT He B
i, 2000). (
SMPEDRSNLHT D) b, SHitE % FOH 7138 ’
W 1FEOAT, MOBTIIZHREZ K . SHEiEE b b
KT % RS T, SRRk b 72V T2 B T- L v ) °l/
BIKET1L18364E 12 7 = ¥ TRANZFER S, 20k, b T A ‘
oA E Y BHRE, SGEHLE EOEBHEW TELE i i
s S 7z (Hodgson 1997;Silberglied et al, 1984). 7=,
WRE 7 ¥ 1 72 EOFHEB Y T b EERK T IERDERL S
Tw5 (Hayakawa et al, 1998). % =3 BAET1X, &
D/ B, ZROHRP AL TTELRLT "A\
ROHRAEE L U205 Oflk IRICAHL TTE K 2oem
%Eb>)?%ﬁﬁ‘?&ofb\é (Yasuzumi, 1957). % 7z, M1 +4 5 =0T A - Wk, 2006)
LIGRT &H18, A48 = ORMFE T3/ & KT JEAn S KT BRET- N RRRE T RS T
D2ODY A THIELET B EDMSNT WD (Morita, (a: BHER b pRER o BER)

TR N A I B A R
RBIRRAER R SRR AR S



118

Thh.

T 5 =V BRFET-OEE 2OV C, fiFAR - B (2006)
(/N BT - ASIE TS - & [ AR 2 B 22 BAAAIE 7 & TR
THOII L, KEEAR 3% 1 HOLEREE L T
OB XD D &V BIREWIH S A R L2 LaL,
BT IS 70 o CTRBIERIAE T & /NELERAURE 7 & [R5 2
BlaR 2 5B AR D VD 2 Evhbh o7z

AT, THETOWNEFRIZE EDNWT, 4%
=V EARETORBRENTOEBI G/ Y — » OFENDH
NIRRT 20205 & b1z, BARETOER)FHEH
TR & AR T ORENI OV TELEET 5.

2. MBEFHE

FEERIZIE, 20084F 4 H 7> 520094 3 B 122 TR

TRIERTRFEH 2 S 3R L 724 7 = 2 O % v 7z,
[BEOHIBIEDNEHR L EESEELHOE ]

it L7 e SR H 2 R L, HHEOIVETRE = 6Bl
2L, BEEEL REER/BHREOBARTE = X100
(%)) #5H L7,

[FEFEROER]

W LR ZH I v ) CEY L, SEEEERRT T
MR 2T LI L > TR TRBEEAERT 5. kI,
HAROFRIADSTELLZIRAL LWL D ER L 22554
TR & RS CHRILL, BTRRE T4, BT
%G N TL0~15H FIPRAE L, RERE) 45 T2 8) D #l
w4170 ) 12O H W 2.

[fETEsDERZ]

W L2 TS e TR B E 1T L,
HED3RATA FTITALOFKR—IVIC LT DM T
L, A= 7 A% P OLZEMET O &8 %
Blgt5 5. BRI, KBS T-2510085, /NS
AU 72520005 C, WENL TV N A RATLaT—F—

Ay = UITBY A L BRI OB RN Y —

(SONY DCR-PCI120) # HI\>C 1 [H]i2 3 HHEF % #i5
A, WYL, Bl 7 b (Windows & — ¥ — X —%—)
FHOWTAATPOEHEI Y2 —F 2B AE. &
12, WY AA 2B A BHE ALY 7 b (Windows Media
Player) W Ca vy ¥a—% FCHEHAEL, HTEH) %
R BIEET 5.
[(FETFREEDERZR]
BTORREEBIZET 572012, BTBEBHEATA R
7T APICEHET D, BRI A R (RS, ok
W) CYEE LD E, AR ENET. Gefn L7
K% 2R ST (OLYMPUS BX60) CEIZEL, BAME
s (pixera Penguin 600CL) Tz 5.

3. BR

(BEONBREBRES L)
21TRY LIS, BEOREEDENIZL > TLDHt
BUIRSCRZY, Do) offErAL Nz K5
LR, RSS2l Relmaz 2L,
85 Al > TRWGE LA L7z, £72, KR I
RO B GA AL NI

M2 IEHEOYE
fE X EE LR
H.HENEEL TV RWVEE

F£20

W]

0

11 13 1517 19 21 23

T
25

T
27 29 31 33 35 37 39 41 43 45 47 49 51 53 5

T T
57 59 61

T

{8l k2 5 (2008/4~-2000/ 1F#4E)
3 EREAKROBEERIL

O Ay A 7oMERG/ XY — ¥ 2R3k

B BY f 7OEHFHG Y — 2 2Tk



FEARE G - FFEER 119

—J7, HFVFEEL TO R VIR I T ORR Gt
BEL, BoANWhL, Bohhot. T2, BEHRICH
UCBEb RNz ror.

WHEEEILIIMEMA L > TREZITESD2EDH Y, /h
SWERTIE 5 %FEE, KE WA TIEI9%E8 F TRA
ks o (M3). HEOKRESICHEDbLT, 4
RIIZRE CHEE L TV AR 2 ORI ER
WREL, O, ARBICH T VBESEEL TV A
WA TR ERILAVN S o 7,
[REMETDEENRIE/ Y2 — ]

B4R S 912, RS T oSG/ Sy — 121
KILT2o0% 4 FhARLNTz, Thbb, fk-H
FIZ & o TRWICHRE SN2 &) 7, KEVERES T8
HHGHZ1IAD LEZEB L TR OB X0 588 —
(A A7 X4 L) &, BEEBaGRE» o EE) % fah 4
BNy —r BIZAT  M4AT) THA.

£ RIS N7 o ER G/ S — 215 12
Y

AZAT
100 -

- N 1T T ES
—— XRIHT

(R) &

0 & -
0 50 100 150 200 250
K¢ (hour)
| B& A7
100 --o-- INURBHT
—— KRBT

(R) HEH

0 | | |
0 50 100 150

B¢ (hour)

K4 &= ERNTOREFIG Y —
T KRR RUR TSR LG L HUL BRaE L CE) & 14
D5 (A¥ A7)
T RERRBH AR 2 © KAV AE - 258 B IG 3 5
(B% 1 7)

10

9

8
' -
% 0 —
A4_ DA
@3— BB

2_

1 -

O_

4 5 6 & 9 10 11 12 1 3
H (2008/4~-2000/354E)
X5 £HIIBERERRET-EEFIE/ Y — v O%H)
O AYAT s By

20084 4 JIZHRINLL 72 3 fERIZ T RTBY A 7 Dk H)

BG/S% — v &R L7z, 20084E5 H~ 6 A 22T,
AZ A TOMWEE B Y 4 7OMEHIRIEL, 7 HfkH
2MERAAY 47, SEIKDBY 1 7T o7z, 20084
8 H~11H T, 263 NTHBY 4 7 Th - 7275,
20084E12 H ~ 20094 3 H 122 F Ti&, B UM OED)HH
G588 — CHNRIE L, 188K 6 fHARATA Y A 77, 1218
KHDBBY A4 7 Thoiz.
[ERETOESBHR/ 2 — > EEEEEOMIE]

K 3R L9112, HEEFG/SY — VDAY £ THRIR
AR O KB H 8 H1310%0L E T, 10%A i o k135
NRTCBY A TERLI. L2L, DTOEIRT L1,
FHEFEEED10%L LD L DODFTRTAY 4 TDI8F —
YERRT EV) AN EREED N o7 TR
HbH, 2008E5 A, 6 AICHRELZ THEIED D Lo 4 18
ROIBHEEEHIZ10%LL L TH - 7288, EBFIGE/ Y —
YIEBY A T TH otz T2, 2008410 ~117 12T
L 7216084R 3~ C D BRI T E B iR/ Y5 — 2 1EBY A
TTHol2h, NTHEOREERILIZI0% - Th -
7z.
[([EEMEFEEES ORI & RAREFESFEIR/ N2 - &D

FAfR]

WE, AV OFERETERAEE T T4 L,
ML R FUIMIRICAR S, Lo L, AHEESH
oA d s = TIE, BRRESE T LZ%EE% P IVIKOTH
B b ORI T2 00 % ks, 1TEAEDPAE
47 B VRO FER A b OBEEP ORI T2 5% 5
AR L Tz (6).

EBELIBEDLOTRIML 2 BRI 713, 1ZE AL
DHREATH Y, FOTCH TV REL T ARWIEROIE
BRI RCEREELET LW,

T/, BAET-OEBBG/ Y — Y BATA TERL
RO T RTIZBWT, EREFOEERIIAEE R F
DVIRE LTz, A, SRS oEsBG S5 —
YIBERLIAKTE, $XTOMEKICBVWT, ER
R ASEE R K VIRE LTwis,



120 Ty = UNIBT B REIRR & BT OB iR Sy — >

BI6 Rk L7z ERDE IS (1 0 RED) &R IERUSFEER (7 @ &3H)
SerdmEg (f), EEEFHMsG (H)

7 BREERRAA S 156 RIRGE L 7 IERE TUEE (M6 2T HmER)
FREN ¢ i L 72 BB FRH LR D N VIR



FEARE G - FFEER 121

ZNCBL, PRHUREICERE & T OIRREIZ & o 72 IE ARG
TORERER T o7, TOMR, HEIEEE KV
RITEVIREEIC %2 5 F CHREDSEAT L7z (7). B
L-ERRS FoEg 2 BlgE L2 2 A, BREEZE T L
IERE T IEB M L KT L7225, BOodic, RS
O IERE T 2B B 2 7R L7z,

4, EE

— BT OHEEN LB T4V F —Tdh HATPIE
INTIVRYTIE S TEESNS, ¥ =V REETO
I b RY TERICOWTIE, SERIBIETET & ERBE
B KBRS T-OWF NI BT S FEREDIFMEA A S
N5 enrsd, KEMERETTRMSPOERICEL ST
TEBIBIGAHIR ST B b LCwd (K - A,
2007). L2 L4&E, =3 KEEIAEFOEH)FG S
Y—VIZIBALBD 25 A TH Y, BTIEEFERET
PRE D IERIFEF 2% { A 5 NS EIRD KBTI F-13
AZ A TEIRL, W EEARIESE CERER O R T
ML A EARLNT WERO KT T3BY 1 7%
IRTZEDNS DI o7ze 2O EDG, KEIFAKE
FIEFZIH I N TWEDOTIIR L, EEELIIH-
THEBFEZ RS L TW R0 &) TTEEMEATE .

W1 OREE, R IS 2 9+2M 55 OfINE DU
DEE LML L-WEEE ThH L, TN EE L
RITHIE, MNEEILENLTHEETLE— Y —
Y URIETHB Y A= (dynein) 12 & o THAET
% (Gibbons, 1963). EB&FHIGIE, &1 = HEMHEAEL,
ATPEME A L2 > TS, EEIFHG T To#EE
I hary R 7 H5DATPHRNG & k4 2B/
WY 7 FIv, 442, pH EXE5- L, BEHEZR R H
fThbhTwns,

T A = IR EANEERIDSEAE L, pHOZAL
X THfishTwa, 72, BHEzimbse
LERELT, ¥\ ED) VEALKEET 5. £h
#HIEEITAMPIE, 772 ViY77 5 —FHI2k - T
BREND. E5I12, TTFAVEY 7 59— oGk
IZCa DM 5T 5 £ SHNTWAb (Hyne and Garbers,
1979).

—HAEMHAL L7254 =V ICATP 2 6§ 2 4t 121,
T4 ZVATPT7 —EWEG L T05 I e G5hoTwnb
(BF - &, 2006). ¥4 =YATP7 —+¥1%, H', Na'®
I X ZHENpHO EFAZ & o TIHBAL L, Z0#k
B OWIEBNTATPOSETE SN, I hary R Th6H7”:
ATPAMERG X% (Tombes and Shapiro, 1985).

FA Y =TI, KEERRTOEBRHG S — 2O
YA TIZh b6, IERNET LN AR 7135 2 B
TERED SEF 2 BIE L TV A 2 &0 s, WTRITOEK
WBRTLTWAZEDPHESHIHERTE S, LD - T,
TREIBAAG /NS — Y SAY A 7 (R ERIIAREIZEE) L T»
V) OKRBIERAET-CIX, REMNEE T2 CWEY
HBHVIIEFAF R EICBVTRERTH Y, EHfE

REEAELTWREWEEZOLNSL,

Aol F—FEERIZL b5, Wy A4 7 OEE R
GINT — U RBR LN S, v PR IEE R O
pHR M I & F 2 Ca” DNEB BIAICEI S LT 5 L i
ZZITw, LA, B L T e WRFIERANET-CUlE,
CAMPHER EN TV Wh, HAEAWET T IVEY 7
T —EOINEIREICH 2T REMEDSH VW EER NG,
L2 L, FIZE > TdcAMPABEL- L2 WD £ 2 5
NTWBEDT, ZRFIZOVWTERENET 2LER D
% (Takai and Morisawa, 1995; Krasznai et al,, 2000).

F7, WESMRICATPR2MHR T 2 EE LT, 217
Fo) VEEY Y PV AT . EASNIZATPE S L
TFHEET A LIV HELEBTOLEDATPH
HELE, STERICATPMEG S b (Bessman and
Geiger, 1981 ; Christen et al, 1983 ; Shapiro and Tombes,
1985). ZDATPE 7 L T F v = fif 8 LR
ATHo-MEEEDER SN,

WAL L, BETONEE) G A 72012135 A =
YERIEMALL, ATPZ2 AT % 720 DRk 4 B BEAEAE
T 505, ARIOMEREIE NS DML REATH - 720
REMEZIR L7z Lo L, fElIC oW TS HmEE 4 54
B 5.

FAKEF DEFEIZ BT BIEN DWW TUIRR & 2l Av%E
FoNTBY, FRICE—BRPORT Ok, KIE, WK
PUREZ 4T [~V N=HET] (Trivers, 1985), #HE D
HEORTIEAB I NI L J12, TANVIEE DOZEOY;
#5295 [LLFEF] (Kura and Nakashima, 2000) 7
ENBHDH. AT T VIOV TIRIEDOME LY, TR
FHELET ALV REN SN TVE (A - HAH,
2006) .

SRIOHERD?S, I FEL, BEERLISKEVHE
RO RTIETIKE FEE UGSy — Y IZAY A TR,
B, RO EERILAVNS WERTIEBY 1 712
HhIERENT. Fiz, BYA TERTEATIRIE
BE - OEEEDE L (RN L350 oTnh, Th
LD EDNS, AY A TOREIEFIZHEL TW5D EE
AoND, —HEIICY = VIFEITAEMIZAY, 128
~3HIPFTAIRT 2L vwbhTH Y (H, 1979),
HFEIE L72AS A THEPHHET AT THL N
S OFERIE, FNEAHL TS,

FEAR - HAS (2007) 1, /NFRIERRET- & KRR T
DOIEBFEREATNDE 2 &2 X o THEAFESRN T O BRI
T OEBRE2ER S, MEEOTORAZEC
DI L TNWDB ERRTWBED, SO RITFNE L
HLTWA,

L, TEERIGETERE L RIS O E 2GR T 5 72
DI MEAFE B PN EHE S N2 IO WTHEREL 21
X B 7w,



122 F Ay = UITBIT BRI & BRI OB iGNy — v

5IAXE S L VUSEXH

[1] Sivinski, ]J. : Sperm competition and the evolution
of animal mating system. (Smith RL, ed), p.86-115
Academic Press, New York (1984)

[2] FLJI FE— - g B AT O S RIBIR & BT
1B{z, 54: 25-30 (2000)

[3] Hodgson, A.N. : Invert. Reprod. Develop., 31, 21-28
(1997)

[4] Silberglied, R. E., Shepherd, J. G. and Dickison, J. L. :
Am. Nat,, 123, 255-265 (1984)

[5] Hayakawa, Y., Munehara, H.,, Komaru, A. Akiyama,
R., Hara, M., and Watanabe, Y. : J. Reprod. Develop,
44, suppl. 27 (1998)

[6] Yasuzumi, G : J Biophys Biochem Cytol4, 621-637
(1957)

[7] Morita, J. : Folia Anat Japan, 10, 35-51 (1932)

[8] FEARENA - A - BIRKFHEFIALE, 5395,
135-140 (2006)

[9] FEARERG - AT« BIRKFHE FHRE, H415,
155-158 (2007)

[10] Gibbons, I. R. : Proc. Nati. Acad. Sci. USA, 50:

1002-1010 (1963)

[11] Hyne, R. V. and Garbers, D. L. : Biol. Reprod., 21,
1135-1142 (1979)

[12] BFFHHE - 2ok g, HNEW - 2RZ - FH
W o TR RS, REURSA I RE (2006)

[13] Tombes, R. M. and Shapiro, B. M. : Cell, 41, 325-334
(1985)

[14] Takai, H. and Morisawa, M. : J. Cell Sci., 108:
1175-1181 (1995)

[15] Krasznai, Z., Méarian, T., Izumi, H., Damjanovich, S.,
Balkay, L. and Tron, L. : Proc. Natl. Acad. Sci. USA,
97: 2052-2057 (2000)

[16] Bessman, S. P. and Geiger, P. J. : Science, 211,
448-452 (1981)

[17] Christen, R., Shackmann, R. W. and Shapiro, B. M. :
J. Biol. Chem., 258, 5392-5399 (1983)

[18] Shapiro, B. M. and Tombes, R. M. : Bio Essays, 3,
100-103 (1985)

[19] Trivers, R. : Social Evolution. The Benjamin/
Cummings Publ. Co., Menlo Park, California (1985)
(PUSHER I AR T O aEAb], B3NS, B,
1991)

[20] Kura, T. and Nakashima, Y. : Evolution, 54: 72-80
(2000)

[21] FERASCHE 25 0 % =3 — NSO HEE —, RN
AL % (1979)



