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Fine Structure of Spermatozoa of Venus Fish, Aphyocypris chinensis (Pisces: Cyprinidae) from Korea by
Kgu-Hwan Kim™* and Sung-Ju Ahn' (Department of Radiologic Technology, Daegu Health Colleage, Daegu 41453, Korea;
'Department of Clinical Pathology, Daegu Health Colleage, Daegu 41453, Korea)

ABSTRACT Spermatozoa of Aphyocypris chinensis was studied by transmission electron microsco-
py. The investiation revaled that, spermatozoa display a round head, a small midpiece and a long tail
region. In the spermatozoa, the nucleus contains highly condensed homogeneous chromation with
small electron lucent areas. The base of the nucleus is slightly invaginated laterally by the nuclear fossa
which contains the proximal centriole. The two centrioles orientated at an obtus angle (130°) to each
other. The midpiece encircles the flagellum and is completely separated from it by the cytoplasmic
channel. The midpiece contains more than 12 mitochondria. The mitochondria are arranged in 4~5
layer and are asymmetrically distributed in the postnuclear cytoplasm. The mitochondria surround the
proximal part of the flagellum. The flagellum has classical 9+2 axoneme and no lateral fins. The sper-
matozoa of A. chinensis are similar to those of other cyprinids having a spherical head with a shallow
nuclear fossa, a short midpiece including the asymmetrical arrangement of mitochondria and the lat-
eral insertion of flagellum. However, there are some differences in the orientation of centrioles and the
number of the mitochondria.
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NE7N Aphyocypris chinensis’= Ginther (1868)°] SJ3ke]  Ealm AZWAE FHshey 488 422 T8 4 9ot
A& 71AY FO2 FobAlol ArhelH AAFT YekKim,  (Kenzo, 1993). | FANE HHe] T2F vhgoz g miT

1997). 3t=ro A= Kim et al. (1985)0] 2 £& EF3}HA ZPAS ER9 AZEA &85} QlthJemieson, 1991).
Leuciscinae Yol A= o2 F1} g 2}o|7} Q&2 A &5} Cyprinidae &2 w|A|Gt 2ol #3E A= Cyprininae (Bac-
At T3 Lee and Kim (1987)2 A. chinensis® &2 F+%9] cetti et al., 1984; Kim, 2008), Acheilognathinae (Guan and Afzei-
AF+E ZAZ Leuciscinae?} Cultrinae?] & 714 §3S 34 lus, 1991), Gobioninae (Kim et al., 1998; Lee and Kim, 1998a,
StHA, £ 1§ JAL YT QojA AEHo R FHo] 1998b; Kim et al., 2007a), Leuciscinae (Neznanova, 2012)]| 4]
Hohx F¢eh 38, Kim (1997)2 222 Danioninac® &5 A=) o] It} A. chinensis7} €3 = Danionninae= 3H=+
sHett. ot 72 AYAFES Sl 23t vl A. chinensis ol 4& 5F0] B X3}t (Kim, 1997), ©] & Zacco &) A 2£ 9]

AA v Az 7F B8 A 9lth(Kim, 2006; Kim et al., 2006).
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Fig. 1. The spermatozoa of Aphyocypris chinensis. Longitudinal section through a spermatozoon showing a spherical head (H), a short midpiece
(MP) and a tail (T). bar: 1 pm.

Fig. 2. Sagittal section of the head and midpiece appears the nucleus (n), proximal centriole (pc) and distal centriole (dc), mitochondria (mi), cyto-
plasmic canal (arrows) and flagellum (f) with several vesicles (v). Note the vesicles distribute to midpiece and proximal region of flagellum. bar:
1 pm.

Fig. 3. Transeverse section through the middle region of nucleus (n) showing the highly compacted homogenus chromatin. bar: 1 um.

Fig. 4. Cross section of the low region of nucleus showing an electron lucent area (asterisk) and nuclear fossa (nf) which located laterally. bar: 1 um.
Fig. 5. Sagittal section through the nuclear fossa showing the proximal centriole and distal centriole. The nuclear fossa contains the proximal cen-
triole. Note the centrioles connected with nuclear membrane and plasma membran and to each other by fibrous material (arrows). bar: 1 pm.

Fig. 6. Trasverse section of basal region of nucleus showing the nucleus (n) with highly compacted chromatin, midpiece containing numerous mito-
chondria (mi) and axomene (ax). Note the mitochondria are separated from the axoneme by the cytoplasmic canal (arrow). bar: 1 um.
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g, n]Z=gote] o} Wjg Tejal HRO FxoA F7HY] H ALE A BN A. chinensis AL o] A3 554
Eo0]A-& YeERY L Qlth(Baccetti et al., 1984; Kim et al., 2006). B
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Fig. 7. Cross section of the midpiece region showing the mitochondria and proximal part of flagellum. bar: 0.5 pm.
Fig. 8. Longitudinal section through the distal centriole showing the filamentous material (arrows) connected to the nuclear membrane and cell

membrane and basal body (b). bar: 0.5 pm.

Fig. 9. Longitudinal section of the midpiece region showing the basal portion of nucleus, ditsal centriole and flagellum. Note the cytoplasmic canal

is invaginate to the basal part of distal centriole. bar: 0.5 pm.

Fig. 10. Transverse section through sperm tail showing the axomene of 9 +2 microtubuar pattern. Note the absence of lateral fins or ribbon in fla-

gellum. bar: 0.2 um.
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25 FE3H4h
AEE AALFAL ZA] 4°C, 2.5% glutaraldehyde, 4% para-

formaldehyde (4°C, phosphate buffer, pH 7.2) £ oA 2~3
A7 AT F 1AW HL2AS FAT 458 @C,
phosphate buffer, pH 7.2)2. 2 1087} 33] Al &3t & 1% osmi-
um tetroxide (OsOy) oA T4 3l TAE ARE thi]
Y% AF8H o2 33] AFH3F T, ethanol & 54 (50%
— 100%)2-2 E3}1, propylene oxideZ 2| &5}%] Epon812
A Zufgt oh 35°C, 45°C ¥ 60°
dry ovenol| Al S8 3}t ZujH A ZE = ultramicrotome
MTXL)2 2 2HPEHS JHEo] copper grido]] &3t ¥ ura-
nyl acetate®} lead citrate2 FA43}o] FE3HA A3 v 7 (Hitachi,
H-7100)2.2 #&s}S Tt
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Aphyocypris chinensis A AAHQ Fe= T FHe

A3 a4 SEE 223 4A ARE vEE LA E
USATH(Fig. 1). FAS FRE= AlZ F59 93 944 &, ¥
71 o SHo YA ATH(Fig. 1). +B FR= 21 W
Foll= o] YAIs) Y, W A7 2.19£0.11 pmGich. &
o= MAAEZ oY E4o] WAL ghgkom 7| xR
of x7} gelsol WolE WAL ASATH(Fig. ). 9L 5
o] dMEZRE FAH Jdoeu Ho FuTdo] E2A
¢l vesiclego] Qlom, 4@ Aoy}t b2 tiEE YALE o
UL (Fig. 3) &7 2 Ho] e FEE At (Fig. 4). 8
9] 7|77} o] FAHE et 1 Holrt Y AH 12
o= w AR et 7| HFHYS sk Y ih(Fig. 5). 7]
REAYS HRARE o) ST Aasol Y wey
FHE B3 ARA4Ed o et dF Aol dZEo
5ichFig. 5). F FUUE 444l a) 45 Az
QL F FHE AbolY A== oF 130°%th(Figs. 2, 5).
SHBE 7l2ZF 7 0] 1.85+0.34umo]| L N[22 Ho] 1.67+
33 umolgir}. T}e] =R 2o E FRAT Yi FUY
o] 7|AFel "o 7| RE E4th(Fig. 1). THE
ZE cytoplasmic canalol &J3] E2]E o] 31T} (Fig. 6). 1]
EZcdols 9dA Hd 127 BEHI 4~53 0% WS
SR AUATH(Figs. 6,7). THFE A ZHA S v o=
B2 3 FEIL 71 &A HFo R thFo] A LFo] B
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Fig. 11. Graphic illustration of longitudinal section through the mature
spermatozoon of Aphyocypris chinensis. Cc: cytoplasmic canal; DC:
distal centriole; F: flagellum; M: mitochondria; N: nucleus; PC: prox-
imal centriole; V: vesicles.

3 913t (Figs. 1,2,7).

dHRE A viEs BURSAHAARE AR
(Fig. 8). THREFSAHH Y ofAREo= 7| A To] FAEH| QL
2 cytoplamic cannalo] DHHEFHH Y 7| A 72| T = of
ASATH(Fig. 8). HE Y] 7| H= N xA o] oJsf Zej#to] glont
cytoplasmic cannal®] &J3}e] £ & o] Q1QITH(Fig. 9). HE 9
7L 02240016 pmo] L I FRE 94200 7]HoA=
vesicleso] TEEL U 2] oAM= YEhA] F3hh(Fig.
10).
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Aphyocypris chinensis ZA+2] GH oy F2E ¢
o] UurAl Pt AR Yol
o1 2ot FRol= JAVE 9, 139 @2
2 o5 xFeta, FHRE= nEZTEotE s, n)R
= Y9 SHA ZA AFE dHER FAE o] gitt(Jamie-
son, 1991). A. chinensis AA}9] FZ2%= JolF A9} H|L35}
U o 12, SHAEY YA, n|EZ =0t o vjE g
I HRO| oA Zol7} Q1T Fig. 1104 HAZ=R A,
chinensis 3 A+2] BN A|AISHATH

FoAF AAY e ALFPOE A7]= 2 um WL Z (Bacetti er
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al., 1984; Guan and Afzelius, 1991) A. chinensis A& 342] =2
719} F-AFSFATE. A. chinensis ZA+S] &3t HE O] & H
A, HE 7 | FAH oA Hloju S k. o]eF o] A}
o] mlE7t o] ZHo YX | U= FRE FolF BAIA
Uehda 9le ZTEAQ FRo|th(Baccetti ef al., 1984). %o
7o e FER FUHA FFEo] YA, HY o7 Z
of 33 (electron lucent areas)”} YEFJIL Qlth(Lee and Kim,
1998a; Kim er al., 2006). Yo17= HA7}F ¢l FAATSI
(anacrosomal aquasperm type) (Jameison, 1991)0] 2.2 & 9]
vesicles> A= B0l gloh. opwt Joif FAbe] HofA
Ut 388 123EE E e Ao

A. chinensis| A U= & Y€ et JolRy A
v ol ER o2 B 4= Qlth(Jamieson, 1991). Cyprinidae2}
A EF72 Cobitidaeo| A = b7t EA Fe=]o] 9ot
(Park and Kim, 1996), Siluriformes®] Siluridae (Lee and Kim,
2001)%} Bagridae (Kim and Lee, 2000)°| 4= #e}7} Zlo] 3
Q1=jo] ek 551, Bagridacol 4 €] Sishe 7128k 7] AR 24)
Y % x3sla Qlok 28, A. chinensisE B3t Cyprini-
dac®] #el= 7| RFAHT ZFE o] Ut olef o] R/
o et Sete] Ferk BT 9SS & 4 ek ek
Aolrt /|RFHYRS THHL UL AL olT AR B
Er EAog B 4 Qrh

A. chinensis| A= T ZA19 Atolo] Z+=7} oF 130°2 Y
B o, AEolF AAA T FAEY A A=
|- cheFshA UERUaL QIth. Bagridae] Leiocassis ussurien-
sisol e T FAY Aol Z&rt 180°2 Yel|® skt
(Kim and Lee, 2000), Cyprinidae]| A= 40~145°2 @7} 4
Al YEFGAL itk (Baccetti, et al., 1984; Kim, 2019). Y ol&F &
Acheilognathus yamasutae (Kim, 2008)E A 2|3t tjF£&£2] o]
olFf& 7IESAHFEC] 71 wF FHo] 7[&oAH U
(Baccetti et al., 1984; Kim, 2019). &% o= o] A Hx}9|
oAlT2 A HHE 87t FHHYE F4 4 2721,
T SAEY =9 #Hste Zo] gl A7 2ad AL
2 A= E T Jamieson (1991) ojFoA 7| RSAHY} T
2340l Y7oz Yehis AL ANFAH Sqojetn
SF3AT JolRolA o] ZHof AT v F o v FAHH
9] 91X ¢} WA B o] Yrh(Baccetti er al., 1984). THA
A. chinensis®] ¥ SAHEE A4 E2 sto] ozt o
FA] ddEo] A7t LA o] itk HE Y 7|77}
= YRS AABAE 1Y T 4FE G dZEH A
HE7F E&%HA] cytoplasmic canal A E B2, cytoplasmic
canalZ THRFAHYHY 7| A 2712 FQE o] Itk (Mattei,
1970). ©]9} Z+o] cytoplasmic canalo] BEHEFAH O] 7| #H
7 FAE F2E YolFe 35E AL AmHTh

ol o] MR elof Sk TiaahA e 9lc.
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nEZEZoL 2 LEEH 4709 DAFoE FEY = 9
o} HA, 1709t YEl= Rhodeus sericeus sinensis (Guan and
Afzelius, 1991), Acheilognathus yamatsutae (Kim, 2008), Pung-
tungia herzi (Lee and Kim, 1998b)0] 1L, &= WA, 2~57} YEMY
+= Barbus barbus plebejus, Chondrostom toxostoma, Leciscus
cephalus, L. souffia (Baccetti et al., 1984), Pseudogobio esocinus
(Kim et al., 2007)0] 3L, A| WA}, 6~10707} Yebh= Squalidus
gracilis majimae (Lee and Kim, 1998a), Zacco temminckii (Kim
et al.,2006), Z. koreanus (Kim, 2006), Carassius auratus (Bac-
cetti et al., 1984), Hemiculter eigenmanni (Kim, 2019)0]1Z, o}
Aato 2 117) ol44e] mlE R elolE 74X T QI Microphy-
sogobio yaluensis (Kim et al., 2008)2} & HAE2 A. chinensis
Z Us 4 Utk A. chinensise Q17 BANA AG7HA] B
08 nEEEote] 47} g BE Fo2 2 471 ik o
Fo AAoIA nEZER ot s FAT ERIEY Bt
oflgt H2Le] o]Fof F& AF3taL, cytoplasmic collar®] =
3} 7] 283 cytoplasmic canal®] Zlo]e} WA A
=)o) Qth(Baccetti et al., 1984).

FHAZA Y] vesiclesZ HEO| 7| HoA = g7 et
At} Vesicleso] A|ZZ oA FRAHo 2 VJel}= R. sericeus
sinensis (Guan and Afzelius, 1991)9} & & oz Hxsly
Q&= S. gracilis majimae (Lee and Kim, 1998a)2 5% 4= 1
o} E3F HRE A X vesicles®] YEN = Z. temminckii (Kim et
al., 2006)2} JEFYR] &= A. koreensis (Kim et al., 2007b)2
FBSE &= Uth. A. chinensis®] A= AZZ 3} HE| vesi-
cleso] &t Aoz 28t e} 0|9} o] JojF HAof
A et SHERe; n|fof| 25} vesiclesd] REFH =
Cyprinidac| M 27 Uehn onz oi Hxiel o
AaRety BRgAe 84 & I Aoz ARw,

A. chinensis Ao A Bl R= T8O SHA A EH
STt ole} 2e Wl Yoizt offe] HAA FEHoE
Uehts 122 B 4 ok (Baccetti ef al., 1984; Kim et al.,
2006). Mattei (1970)= A&7 BAE 2714 typeo &
25T Type 12> 39| Sl FHHl AR5t HET}
EE5H= WA A FHolxL, type 2= Y S FHHl AA
sto] HEIF A H o8 FEH= FRolth A. chinensiss
ETFS RE JolR Y HE s o SHA FEH
0 type 2= oI BAY F38EH 22 & & Uth

2 o
Aphocypris chinensis JAe] 2= Jo1F A& dnbaQl

29} vlsaht Ble) 72, 541G 917, njEZEZole] 4
o} g a3 BEO] XA 2}o|7F AT} A. chinensis

Ao} et 7| RS
o 35H ERoz B £
ot AFE SAES gHR
plasmic canalo] U= o] . o9} Z2 FxE Yo7 &
TH B ARHTY. YolF AR nEZEgote =&
FEAEH, 47Me] 2F 1N, 2~57], 6~1071, 117} o]AHLo=
T2 = Ut A chinensise Qo5 AAA AF7HA] B
1 nEZE ot 27t 7Y W Folth. JoiF FAA
Uehts SHES vl fo] B35} vesicles?] ZEZFH = ©f
F A7 nAsRets ERe AR 283 4+ IS Ao
2 ARE HE Y X7F Yo FHORE X3 Q= A

A. chinensisE ZT A FE JolF BAY F5H 5L

Az},
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