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Spermatozoan Ultrastructure of 4 Species in Mactridae
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Ultrastructure and sperm morphology were investigated Mactra veneriformis, Mactra chinensis, Spisula sachalinensis, Tresus keenae
in Mactridae. All the sperm studied were primitive type. They consisted of three parts; the head, the middle piece and the tail part.
The acrosome forms were similar among the 4 species. The acrosome was shaped like a modified hat. It was consisted of two
different parts in electronic density; the anterior part, electric lucent part (elp), and the posterior part, electric dense part (edp).
But nuclei forms were slightly different among the species. All the species studied had 4 mitocondria at middle piece. We guessed

that the Mactridae sperm were family-specific with characterful acrosome shape.

Key words: Mactra veneriformis, Mactra chinensis, Spisula sachalinensis, Tresus keenae, Sperm ultrasturcture, Mactridae

A

ru

A7 dele YA R F Fo4g 7HA, EFU ASEAY
Ao AAFHE o] &AFL, FUlF ASBA RAL AHS3Y
o} (Hughes, 1965). Z18]1 EZ{9 AZS ZAbd EfFoR
AHEH 908 (Franzen, 1955), B8 Z/& AAe wM7z 4
TFe 2FEFHoZ AL8 4+ AUt (Franzen, 1970; 1977; 1983;
Popham, 1979).

ZA7Y A4 Fhe A Yo 2F 23 FHA AN G
BEZEgole 4 FoAA F FolAS /1R AAe Itz
Z 1ZRGo|Y, Fol wet Fe dolrt A, te] Y 1
vt dgd 129, 7%, B, glinderd, 18 ofF 4
ZE cylinderd TL2 o}F gt 181 FHY WERE
ote] & Yt oz 7 FFA FUstth (Kim, 2001).

245 BA9 vATzY F e Feo #¢ d7e JFA
theFatA A7+ ¥ =) Mytilus perna (Bourcart et al., 1965),
M. edulis (Longo and Dornfield, 1967), Spisula solidissima
(Longo and Anderson, 1969), Corbicula sandai (Hachiri and
Higashi, 1970), Crassostrea virginica (Galtsoff, 1964; Galtsoff
and Philpott, 1960; Daniels et al,, 1971), Bankia australis and B.
carinata (Popham et al, 1974), Laternula linicola (Kubo, 1977),
Lyosia ventricosa (Kubo and Ishikwa, 1978) $9 A3 473
ojuf el AF wust sicth

a2y FUe A, AAYHe] #F ATE Lee et al. (1999)
o) WEZ7, Gomphina melanaegis®t Kim and Yoo (2000)
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o] ZAH, Corbicular leana®l 947 & ATAE A By
%e A7t FYsojop g

2 d7dMe sEvet 2ad AYshs AF2A 3 4% (Mac-
tra veneriformis, Mactra chinensis, Spisula sachalinensis, Tresus
keenae) S WA LE AAVAHTFZE HE Qg 2gx 7
F9 AAFH SAS W2 EFFHA HA T AL 7}
& AAztaz @

Mz R Y

AAEE

A FHAAE 3 (TEM) 838 9319 4 lmm'2 -
AAF F,25% glutaraldehyde (0.1 M phosphate buffer, pH 7.3)
g0 2~4X2F (4C) B¢ A1A (pre-fixation) T AN, 0.1 M
phosphate buffer (pH 7.3)Z =138 1084 33 FA3 T $4
¥ AB%E 1% 0s04 (0.1 M phosphate buffer, pH 7.3)9] 243t
59 (4t) F24 (post-fixation) S dtglon], GAHLE ethyl
alcohol (50%—70%—>80%—>90%—>95%—>100%) % €4 I4 A
A ¥, propylene oxideZ 3023t 239} A X3 ¥ propylene
oxide$} epon EHET 12 I epon A+B EFE 1~343 A
EA ¥, epon 8129] Eufid gt} o]F AF# (polymerization,
em oven 37C, 12717}, 45C, 12417F; 60C, 484)7H)& HAIEATh

LKB-V ultramicrotome s ©] 834 0.5~1 m 579 $2HE
neEn A8 2ABFS 57 Y39 A H L toluidine blueE
AAste] FEAM A FAE AAF F, AR BFE
A8 29E" (60~90nm)E THEY] 200 mesh copper gridol
&3t gride] F&AF 29EAHL uranyl acetate®} lead cit-
rateZ ©]F H¥& F JEOL JEM 1200 EX-1I F#AAE0) 7
(B0KV)o.2 #FFA
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1. &%, Mactra veneriformis

59 54/ A7) (FE+FH)E 245 m A= 3
Ao} do] Folgle 4FL UHFHIL, FAHT Yol B}e HAE
£ HgEA FUEY gL 7L AAYEE VM e dh AF
b 2 FEez 99 Aole 1.12um, ¥ Hole Lllm AT
At (Fig. 1, A, B).
Ade HYY EAEYOR HAEELL FdFoR &Y
AADE7}L @& BE (electric lucent part, elp) 3 AL E7}
B2 (electric dense part, edp) &2 tlE &y AALE7} @
Pl 2% FALEAdo) Aoz F¥3n AALUR
L REde AT ED] JFH o2 X3 basal ringd
el & I subacrosomal materialst A & FE7A] He o]
AAT (axial rod, a2 2 HAUT (Fig 1, B, C). AA 9] dole
0.80 ym, HA X basal ring®] Hole 020 um F=olth HA A
& AR 34 Y=o YAFAHE S48 (Fig. 1, D).

FUAE U8 H 4934l 32 gAdx (Fig |,
A), M9 mEZEE o}t FAEE S8 UM (Fig 1, F).

o) Role AYFAHANAN B st glon, st FA
e Y taey, HRE 9+2 F27 FREQY (Fig 1,
G).
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2. IN2t=JN, Mactra chinensis

NEzAY S&3x 27 (FF+FH)E 327m A=Y
A9} Ho| Folgle IEL UYL, FAHEA Fsie ¥
HE2 ta E259 UAD (Fig. 2, A). gL 74 AALEE
7AAH, 8 Welle 4 A9 FE7}F e (Fig 2, D) cylinder &
oz 9 ol 144 m, 89 Hole 1.24 ymolAct.

A WYY EAEYLE FAXEAL F9HoEZ YEHY
AAYET} e B2 (elp)d AALEI} 22 2E (edp)o2
sy ARYEs} @ RRde 2% ANEEHC] H4 Y
o2 XTI, AAYE} B2 2R FAXEH FFHLe
2 EX39 basal ringd FeZ HI, AW subacroso-
mal materials7t A ) FZE7A dEdtd FA 3 (axial rod, an)
o2 dch FAY dolE 120 ym, A XY basal ringe 024 ym
Axoltt (Fig 2, B, C). #AFAHL Axpdee} 4 Yo
JAZ 4% (Fig 2, B).

FHAE ZAFHEY 9540l 302 932, 479
ngE=goprt 34 AT (Fig. 2, F).

R A45APNA wLd mest den (Fig 2, A),
ko] Hztol e mE sty o, 9Re 9+2 77 F3
sttt (Fig 2, G).

3. 2Yrig, Spisula sachalinensis

e g% 27 (FR+39)€ 352um A=
A9 o] Hale dFL F2A #9Hz, 49 AFL 52
(Fig. 3, A). 99 $5& Tgsn &+ A FX7} JoH, Y&

gRg 7o gttt Yol Aol 136 um, A9 HolE 143 ym
o]t

FAe ¥YE BARYge 2 AAULrt ¥& F¥ (edp)F A
Agrt B BE (elp) o2 oA AAUest ¥ FEde
Ao FANEEAo] Aoz B¥ay AANYUET} & FEdE
2 AALEE 7M€ basal ringd] FHZ 223 ok AW
7= subacrosomal meterials7t FA 9 FZAA T2 A
7t (axial rod, an) &2 ¥t} A9 Zol= 1.52 um, A X basal
ringd WOl 0.16 ymol® FulF oz A7 A FA F&A 27
(FE+39)9 o 3% A3t (Fig 3, B, O). A 4L
AAde g g4 Y=o FAE 44w (Fig 3, D).

Fdde 2934389 9954¢0 #3922 ¥4 (Fig 3,
A), ¢7h8) nEE=golrt 34AYE EIANL AU (Fig 3, B).

nRole AAFAUHANA G2 me)rt gon, e Fd g
Lo 1l e, UEE 9+2 T2 F3AG (Fig. 3, F).

4, 228, Tresus keenae

4999 ¢4AA 7] (FF+FB)E 204 m =0l H
Ao Po] Hile ZL ti FYHA Y3, AEL PPt
(Fig. 4, A). & W& $ 7Y FX7 Iz, Y9 2L 92
A% 98t Yo ZolE 093 ym, B Holxe 117 ymolTh.

A WYY ZARYoy AR} & F¥ (edp)F A
Ade7l e BE (p) o2 UrolAdr ARYEs} ¥ T3
de 2% FATEe] PPz F X}, AAYRI 52
HEL 22 AAYUEE JIAE basal ringd Fe2 g
A9 ol 051 um, A X basal ringd] HolEe 02um A=
olt}, A& W73l subacrosomal materials7t AA S *F7A|
urasto] FA7 (axial rod, ar) 22 ¥ (Fig 4, B, C). FA e
acrosomal vesicle®] A 7HAAtelo] dgol 71 i A
AXEAL Fuo] X3l basal rings FAFL o|F Yol
A=l 4 € (Fig 4, D).

Zhde T9FAEY 49540 #3272 9H8x (Fig 4,
A), al9 mEZEZ o} FAEE N YUY (Fig 4, B).

uRole A9EAYlA B malsl glony 2YEARY v
A2 AASFeR 39A U (Fig 4, ), 39} B4 3
e BYE 7HRen, HEE 942 F27 FR39 (Fig 4, G).

U2k

il

ZAF AAEARAE L 48 B& AT EAA A8 AF
FAH8ttt (Longo and Dornfeld, 1967; Sakker, 1984; Bernard and
Hodgson, 1985; Kim and Yoo, 2000). 39 - ARAE § 27|
SAAAAEE A7A Fdl we} thh 3fo)7t Yoy o] o
%9 BEHoZ FEI}rI= B FYrt gley, AANEY 4=
1 Z712A Zol§ E37le ok 2y FA T AR H
T AN GANA g8 ST el FF F ZYE
ARse 8% 84902 F&u Yy g4 52 AR
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Fig. 1. Mactra veneriformis. A, Mature sperm with hat-like acrosome; B and C, Longitudinal and cross section of
acrosome; D, Formation of acrosome; E, Cross section of nucleus; F, Mitochondria in the middle piece; G, Cross
section of tails. a, acrosome; ar, axial rod; cd, central doublets; de, distal centriole; edp, electric dense part; elp,
electric lucent part; m, mitochondria n, encleus; av, acrosomal vesicle; pc, proximal centriole; pd, peripheral
doublets; sm, subacrosomal materials.
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Fig. 2. Mactra chinensis. A, Mature sperm with hat-like acrosome; B and C, Longitudinal and cross section of acrosome;
D, Cross section of nuclei; E, Formation of acrosome and spermiogenesis; F, Mitochondria in the middle piece;
G, Cross section of tails. a, acrosome; ar, axial rod; av, acrosomal vesicle; cd, central doublets; dc, distal centriole;
edp, electric dense part; elp, electric lucent part; m, mitochondria; n, nucleus; av, acrosomal vesicle; pc, proximal
centriole; pd, peripheral doublets; sm, subacrosomal materials.
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Fig. 3. Spisula sachalinensis. A, Mature sperm with hat-like acrosome; B, Cross section of anterior acrosome; C, Cross
section of posterior acrosome; D, Formation of acrosome and spermiogenesis; E, Mitochondria in the middle piece;
F, Cross section of tails. a, acrosome; anf, anterior nuclear fossa; ar, axial rod; av, acrosomal vesicle; cd, central
doublets; dc, distal centriole; edp, electric dense part; elp, electric lucent part; m, mitochondria; n, nucleus; av,
acrosomal vesicle; pe, proximal centriole; pd, peripheral doublets; sm, subacrosomal materials.
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of acrosome; D, Formation of acrosome; E, Mitochondria in the middle piece; F, Proximal centriole showing
microtubles; G, Cross section of tails. a, acrosome; anf, anterior nuclear fossa; ar, axial rod; av, acrosomal vesicle;
cd, central doublets; dc, distal centriole; edp, electric dense part; elp, electric lucent part; m, mitochondria; n,
nucleus; av, roacrosomal vesicle; pc, proximal centriole; pd, peripheral doublets; sm, subacrosomal materials.
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Hel 3y Fok oS $Ud) s 428E A Yo o
Z 99 Feje A - F2 AZEHAY, F - 2 HolAe F @A
A vhlth (Kim, 200D). 2AFY 4% 4494 &5 2/)de
Bygeln, §50] AYHUA H{Po2 WL o] gA4do
Y3 AR E, 2 Wl Yo 2YgE AR & AT
oA ZALE 432 Yo ZYPo] d¥ol} ElYF LR, HAFE 4
ZEA @& FHE 2 A7) WEd A4 SFEAANAN AF
2 A7 Boe 447 FEHYAe @40 ved,

ZAFY ZAEH & F2 FA9 d) 2% agd3 F
"ol e nEZE=E o] Fol o3 AAFAt

5E9 AAe AA 471A typeL 2 FE3}Y, primitive, modi-
fied, biflagellate type L] aflagellate typelZ et (Ver-
donk et al, 1983). biflagellate type2 Y& o} F] AN BF
S 1, aflagellate typed] BAE F2 #FFolA 2dEd, o3&
o) Z/FE primitive typed &30, Yitd oz FTHo ¥ 1|
2 Urojdt FEE dAFez &G FAY 52 ¥, F
Hole 219 F4de] #3202 gX3tn oy /9 nEE=
o7k FAYE AL dew, 21 nRdE A7t 50 um A
9 1§ 7FA 3, pulmonate 5 F2 AWFAHZANA modified
type® ¥ 1t (Verdonk et al, 1983).

AAe gutyoz dng &3 AA AAY AYS £ol3A
e 988 &3, FA X, subacrosomal materials, 34X o2
T45 ok 28R BYE WHe) F 1ZEY, o]
2H Ya Aozt &L BALY, XA AFE 12RYG 52
2 g8dq (Kim, 2001). HFZAZ &3l 452 ARG
o}F FAMETE Aol A7oh diE g2 AR A v
AAZ 4oz 31, FARYL: v¥dE 12EYeT HAH 9
gz AAYEI} ¥ BE (p)oE AAX B 7t
FREoz EoA gz, HAY HEL AALEI ¥ 3
(edp)e] o] HREE HAS FA3e 249 Ui} 53
o JdHo ¥ vlX headphone EFLE 0|9 22 HAE
Fe AFEA B H4Ee) 5oz dddo

Subacrosomal materialst HAE G ¥ Afojo] 4F4 B2, &

Table 1. Comparative spermatozoa morphology in Mactridae

%

T XY BPEAZ FHHY g o] 229 3 FAHL pul-
monate snail, Euhadra hickonis (Takaichi and Dan, 1977)%} A
B3Hlt}. Subacrosomal materialse A& #WE7l AP=HE
FY AA Y AGEAA At R4 AATL2 A Axial
rod Mytilidae® 2 F1A (Dan and Wada, 1955; Niijima and
Dan, 1965; Bourcart et al, 1965; Longo and Dornfeld, 1967;
Grant et al, 1984; Hodgson and Bernard, 1986), 133 7
(Galtsoff and Philpott, 1960; Daniels et al.,, 1971; Gutierrez et al.,
1978)9] € FolA FAEY, So|3A FAFY AL A
A o] FitEglA FFYE FEIHT o, Yutrez e
ZNFe FAAD ok & d7d AHeE Az 3432 &
T AAY SS90 FlF HALS 7HA )R =AY BHo
Aol £AHA AoJAAY Fo g o]Fdes Rz ¢EA Ad. 2
g AFzA Be] A4S FAY AgRst FRFHLZ oo A
Aol AA 9 d¥x e Aoz 2

Popham (1979)& Z/AF A df 24 7Y, &9, oyli-
nder 0.2 3A YrAdch ABFzM o 4, AAEY 8 &
%2 98, B9, cylinderd ¥ 94t Mactra £ 55,
Mactra veneriformis®™ 7N % 2N, M. chinensis< cylinder 2 %°]
U, B2 ¥ B¢ Jydwon By Ao gyl o) gE
i d¥E gz MFZAY o)zt Ak 2g¥n BHgE
Spisula sachalinensis& 98l 7143, 498, Tresus keenae®]
AR gYgolt.

B AN ZAE MFRAN # 4FL FHA ZF iy o
EZzeolg 7IA 3, satellite bodye TEEA §gteh.

MF2A ol &3e 459 HAYHE ¥ L3S Table 19
et 3zke 27 (FR+58)e Edddel 352mm2

=
M A3, Az, 5, 27 24 €22 ZAHAG,
2 o

2 die NFEAN B £33t 5, Mactra veneriformis, 71
ZF2M, M. chinensis, B8, Spisula sachalinensis, %-%8,

Head part I\gligg;e
Sperm . :
Species size nucleus nucleus nucleus acrosome acrosome Ar):)?l Szli)t;lil)l’te
(um)  nucleus length  width length/ acrosome length width No. of
shape Cum) (um) nucleus  shape Cum) (um) mt
Hm 7 width pm Hm
Mactra veneriformis 245 mosilfied 1.12 1.11 modified 0.80 0.20 4 present  absent
cylinder cap
Mactra chinensis 327 cylinder 144 1.24 1.16 mogi;li;led 1.20 024 4 present  absent
Spisula sachalinensis 352 BOP¢ 136 143 gg95 modifid 5 g6 4  present absent
’ shape ’ ) ) cap ) )
Tresus keenae 2.04 oval 093 1.17 0.79 mocd;ged 0.51 0.20 4 present  absent

mt: mitochondria.
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Tresus keenae® W32 B9 vlATZE AU AV
4% B primitive type®} BAE 7HAZ AT FARGE 4%
EE fA de2 3 gEe RAUETL e RE (elp)
oji, A9 HZL AALET} & HE (edp)E WrolAe
HER ARGt 459 B9 | Zge FdH o Ao|s}
Aol FHo| 7HE3tm, 53] Mactra £9] 2% ¥ ZYo] M2
fFAtstth 2l FAe FURE TS Ye vEES=ge}
TE 4% BF V12 Jdeid AZzA 3 249 AFEHE
S0l g /AL, 53] A dE #9 2AFY dE H4Ee
Sol4oE wddd

INEE

2 A7E AYAFAANEEARALDS) SHH R} YAF
A79 a7 Adel o3 AFHALLH, ofo] A=Y,
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