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Ultrastructure of Spermatozoa of a Korean Bitterling,
Acheilognathus koreensis (Pisces, Cyprinidae)
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The bitterling, Acheilognathus koreensis spermatozoon has been examined by electron micro-
scopy. The epididymal spermatozoa of A. koreensis are representing typical characteristic of
cyprinid spermatozoa including the lateral insertion of flagellum, the organization of centriolar
complex in shallow nuclear fossa and the asymmetrical arrangement of mitochondria. The
sperm mid-piece contains a large mitochondrion characteristic enclosed by membranous vesi-
cles. The mitochondria aspect is different from that of other cyprinid spermatozoa, which their
mitochondria have a conventional aspect and never fuse to form a mitochondrial derivative. In
term of sperm evolution, the fused mitochondria are regarded as the apomorphic character in
comparison with the separate mitochondria. The single mitochondrion is not found in cyprinid

spermatozoon except for Rodeus and Pungtungia.
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QA FaE ANATERA A7 (AP oh)
#F 89 BHHA 9 x)d w2} (Afzelius, 1972). ¢
F AR 724 B4 we wRzelA ol )
= vehta 9o} (Jamieson, 1991). o]} & o)A
2R AR B TR W$ Ful gk AT
o)1} (3], 1997)el] &3] oJol} o f el wlAT
Zo| I3 dFE= Acanthophthalmus semicinctus (Ja-
mieson, 1991), Cobitis striata (7] 2} v}, 1996), =4} 1)
e} 64 12 (W3} 71, 1996), Carassius auratus

— 286—



gEAF

(Guan, 1990), Cyprinus carpio (Morisawa, 1979), Rhod-
eus sericeus sinensis (Guan and Afzelius, 1991), Pung-
tungia herzi (Lee and Kim, 1998b), Squalidus gracilis
majimae (Lee and Kim, 1998a), Squalidus chankaensis
tsuchigae (Kim et al., 1998), Zacco temmincki (Kim et al.,
2006), Z. koreanus (7, 2006) SolA W2 A7} e
U g ozt waA gl Adeldh o] E oloF A
Aol FxE= 25 AL EA (primitive character)
& A% G5t 5 T FYen Seign pHe
% o]t} (Baccetti et al., 1984).
ﬂﬂ7w1mLasy~}%&% s glort #she) 3
Bok FARe) x, vjEEelel) fot Bx, FHY
s @we) Feloll A F2be] T2 E4E ez 9
o weh AATRe) Folde F& Fralw AgdA
€ skt A8% Amz F8F 4 9T (Mattei,
1991). T2} o) F F2) 7t wlg ejatel L 3
FelAut ate] vl 72k weiA 9l Fheln

B Fuo] FaolRe) YAFre] BT ATE
T glont wATRe] B e AYHA e A4
och whebA # ATE AFA BdAF e vl
3]

1w
£%5 9] 3 JAEFt vlastast

AT Ale-= A= 47 ZdAF Acheilognathus
koreensis®A] 20054 4Y~8Y AAE T L9+ o4
ol T F Aol AUz AP Swelo 8
3 ¥ a8 22990 429 gaxde 54 4C,
2.5% glutaraldehyde, 4% paraformaldehyde (4°C, phos-
phate buffer, pH 7.2) A 2~3A17F ATAFT 1
AE AiLzxAS 93 9229 (4°C, phosphate buf-
fer, pH 7.2)2.2 1027} 33] A& 3 & 1% osmium tetr-
oxide (OsO4)ol| A &34 3lglom TAFH AMEL thA
Fdst gkE=gN o= 33 MH F, ethanol 3= A%
£(50 — 100%) © 2 EF3} 31, propylene oxide 2 ]33}
o:] Epon8l2 &3telle] =m|3t t}g 35°C, 45°C 2 60°C

© 2 vaccum dry ovenel|A] F3HFe- slglt}. =ZwEl
zH 2 ultramicrotome (MTXL) o 2 ZuPHHS wtEo]
copper gridel] ¥-238F = uranyl acetate$} lead citrate 2
A Msle] =3z n|A (Hitachi, H-7100) 0.2 223}
At
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/‘33}—1- 3}1‘3\1‘:}(99- la). #]H= ol B]AE A8
glom cytoplasmic canaIOJ] o)sled A 22 3’4-11 Hao] x|

A e, 71%%‘*4:‘%1" 3 elotel] 2xE] glort
Holkr e ounl e}l otoz xFFE o] 9yt
(Fig. 1c,d). 3¢} ol 2= FHAEA ] X8 9l=H]
A ZzAe] stEm o zrl X944 gl (Fig. 1c, d). Al
FAL A7e] oF 227pume]w, Aol o 2umz Pw
5 A gleow sl wlEZE=elep) o=
AA 23 A (Fig. 1c,d). 3o} FH] FAT
EAZ A3t dZAHe] 13 (Fig. 1d). + F
=7} 130° 2 e} (Fig. le) 2 olfiZo=
nEZegolrk 1) S8 ds+ (Fig. 1c).
o= A7 1.67umeo|x, Heo|: 1.96 um=
2o A8l 1 FH-S vesiclesel] 23]
#ted gllk (Fig. 1f). n| 22 x=glots &
vesicle5-2 %77} 0.39um= n|EZ=
] 531%}1 918 T} (Fig. 1f). A 22 9)
$l A& 9l A3} wpEIbA 2 vesi-
Aoz FrEwoxut TEE ¢} (Fig.
F-z =2 vesiclez} axone-
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23 A2 Acheilognathus koreensis R 2Fe] Fx+= o]
o] fF AHApe] YubAQl Fx (Mattei, 1991) 2} T/\}s}oq
AA7} Qe 2 Fre) mEzcedE rgels 4
<> FH 183 TR vAEsH $AE ﬁujJi
T =] A= (Fig. 2). 7&el 7ol AAE dvE A
A7F szl ok (egg)®] FESOl T WHE (micropyle)
o) 29} WA A7} )k (Jamieson, 1991). Jamie-
son (1991)2 o] gl A Lo= FES B34 AR
7b AA Eol7HA A7) Wil HAZE 28 glva
ek BE o] EFE FESelwa st 1yt

WEe AEToleta Wk GBS Folo] AR} Sof



288 AT - 2" - #@|F

Fig. 1. Ultrastructure of spermatozoa in Acheilognathus koreensis. A. Longitudinal section of the spermatozoon showing
the spherical nucleus, the mitochondrion and a tail. Arrows indicates the cytoplasmic canal. Note the flagellum
projects from the distal centriole and is surrounded by a thin cytoplasmic sleeve in tis portion. B. Cross section
through the middle portion of the nucleus showing the well dense homogeneous chromatin material. C. Longitudi-
nal section through the midpiece. D. Oblique section through the posterior region of nucleus showing the centriole
and the mitochondrion. E. Longitudinal section of anterior portion of midpiece showing the two centriole. F. Cross
section through the posterior portion of midpiece. There are spaced numerous vesicle outside the mitochondrion. G.
Cross section of a flagela showing the 9+2 arrangement of microtubules surrounded by the plasma membrane.
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Fig. 2. Diagram of the spermatozoon and corresponding
transverse section in Acheilognathus koreensis.

oF bz Rgo do] oF o] 3} FEH G
o] wra| 3 I3le] m2g =9ty gul YAl &
= Fog o]gdth ATt 2FF e o
o A Ao I3t B3y} glon ohgt uks} 7] (1996)
% gh=rAk o)o]&-9] m|zE]zt Nemacheilus toni] A 2b
u}

71¢} 7)ol A2l &= acrosome-like vesi-
2A5e] vehiA)
g BASGT) ol Be EPT WA o7 %
& AAEE A x271817) (Neopterygii)oll 4 HA 2] 4
AL A8 (apomorphy)e]l HbHol| T2 H3EEEo

= o)gd FAZ /A= A9 YA A (plesiomor-
phy)eletil ¥ 15 v} (Mattei, 1991).

Ak Azl & debe 7R FAHES x23e)
T 9e FEE Jol% o7 AAelA 8] vhehix
TF-Z o]} (Baccetti et al., 1984; Lee and Kim, 19983, b),
) 7] & (Siluriformes)& %33 o2 ERHLAE 7|8
o} webn FARS x3hele 722§ 9} (Emelyanova
and Makeyeva, 1991a, b; Gwo and Gwo, 1993; Gwo et al.,
1996)7} vhehtar gle} oleiZeFole AAT HolB
BejF T lgich

cleo] A= g} Wb F7ol|=

x| ol 7= 289

1% FAR By SN AL AT 3
= oF AR FANS FE: Fo wel cheksp
vehta glot (Mattei, 1991). ZZelf AR 3lelA]
= A4S velz 9= Silurus glanis (Emel'yanova
and Makeyeva, 1991a)¢} F7o =2 wjdsi=
gia herzi (Lee and Kim, 1998b), Squalidus chankaensis

Pungtun-

tsuhigae (Kim et al., 1998), S. gracilis majimae (Lee and
Kim, 1998a), Pseudobagrus fulvidraco (Lee, 1998), Silu-
rus asotus (Kwon et al., 1998), Leiocassis ussuriensis
(Kim and Lee, 2000), S. microdoralis (Lee and Kim, 2001)
a8]x H3YsHA wid = Amiurus nebuloasus (Emel'ya-
nova and Makeyeva, 1991b), Liobagrus medidiposalis
(Lee and Kim, 1999)2 F-2& £7} il o] F A X}
A 715 FAR ] TR FAR A7 A=t aekdt
7ol Azl Zell wlE s} A (apomorphy) 2 #4 5
I ¢l (Jamieson, 1991).

Uiz $39 2das dxe) viegeeos A
Ml oelfe T A5 ARAF AAT=
A BRAE DEECele o B HolPE 1
o3 gleh ool F A mlmEeelol 4
27Y, Leuciscus 2~37l, Chondrostoma 3~47}, Rutilus
5~ 67l (Baccetti et al., 1984), Squalidus 77] (Kim et al.,
1998), Zacco 1271 (%1, 2006)0)| A &} 7to] m|EZ=zg]o}2]
T gkl vehda st ool F ARl vE
Zeglol7b RE 325 E 7% Rodeus (Ohta and
Iwamatsu, 1983; Guan and Afzelius, 1991)¢} P. herzi
(Lee and Kim, 1998b)o| A vtel itz gle}. o) o] B o Fu)
o4 plEZEelelrl 2§35 dehts F& )
A) 3 A (apomorphic character)gl 7oz H %o gt}
(Kim et al., 1998). 7 Zo] FA Al A | EZ=g|o}e] 4=
o} Bz YofsA Raxe] g)ow (Mattei, 1991;
Jamieson, 1991) v EF=g]o}o] f=9} Bz = Az} &
Fob AFHE BAE sefshed Fo YA deix
e} (Baccetti et al., 1984).

A gAE FHAA ehds vesicles 2% 7]
EFeols A3 e 2=, o]¢}k 3ol vesicle
o] H|EZ = etE A3 EEMe FE2E ol FelA
+= R. sericeus sinensis (Guan and Afzelus, 1991)o| 4] X
e} glovh, dREe oJoffi AHAlA dEehte
vesicles> Al ZA3} HAxmeo EF2Hoz A s
o} Vesicle +x%= ¢Jo]3}, Cyprinidae (Baccetti et al.,
1984; Kim et al., 1998)¢]| ] = Z:p];q. v x o) 73} Silu-
ridae (Lee and Kim, 2001)¢l| A= =3, Citarinidae, Ery-
thrinidae, Curimatidae (Quaglo-GaSSIOtto et al., 2003)¢]|
AME T8 v e #EET A webA A7t

<= Alburnus
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Ae) stz Bv vlEzedobE s EAA 9
= vesicles +xE ZgAlF2} R. sericus sinensisol| A]
A5 e Faolnh
2 Cyprinidae A2 FH3 n)3ol ) A& ez
F&A= T 9= vesicle %2} Citarinidae, Erythrini-
dae, Curimatidae (Quagio-Gassiotto et al., 2003)2] =3
b v el A vesicle 7zl #FF A &2l A77F Lo
& oz Aad,

2R AR Bt ool Qe ven)
= N9 HXE 71A| = uniflagellate sperme] i 7, 9%
o o FuAaw} 2)e) FAuAsto THH A
HH2l 042 o] Ful adhe] F2E Wel Folid o|7
e AzlF AA YA Frz deld o
(Mattei, 1988). Zda}F AzLe] HEA L axonemal
finso] A=A Askedl, o F AAke] AE | axone-
mal fins2- Fol| o} 27 FA=HE= FE2EZ o|F
A AgE Tro Fog Wde B4 AUt
(Mattei, 1991). ¢Jo]Fol|A] axonemal finso] YEl}A]
@ 71 S (apomorphy)el Aoz A et
(Jamieson, 1991).
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322 Acheilognathus koreensis R 2F2] w)A| =
= AzrEu g oz Ao A AE AR v)A T
ZE oo oFA ALY dutAdel Fxe) o] FZ F
i, ¢ =dol $X& ARFx I8
Y- ARFxo EAL FH3 U 2=
Holl A3 nlEZ=ejobs W32 ofo]Fol A2}
22 §¢H s P e 1 FHE
A F2EEC R stk R §3tE vE
[e)

e e AR FaE odele vehhe

% obh gitslol stz ve}
F-%+ Rodeus®} Puntungiadl|A] Haxe] glom

o F9le HHTEE] EUAT Al AL AR
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3}, 2006. #F 77 (Teleostei, Cypriniformes, Cyprini-
dae) R APH ) 7} Ao m)H Fz2. Fhe]R], 18 : 347~ 354.
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7)¢) 4> - vbEed, 1996. 324 27l Cobitis striata (7] 32
o] F4a g FApe| Fx. ¥e{A],8:1~8.

whged - 24 1996. g=rak m] 2|3t Cobitidae (%) o1 &)
o] 2] Azt wlH Tz §elA], 8:74~83.
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