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Ultrastructure of Pseudogobio esocinus (Teleostei, Cyprinidae)
Spermiogenesis and Spermatozoa
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Spermiogenesis and mature spermatozoa of the Korean false minnow Pseudogobio esocinus (Cyprinidae)
are described by means of scanning and transmission electron microscopy. Spermiogenesis is characterized
by lateral development of the flagellum, absence of nuclear rotation, and eccentric nuclear fossa formation.
The spermatozoa have a spherical head containing a nucleus with highly condensed chromatin and no
acrosome. The nuclear fossa contains the proximal centriole and anterior part of the distal centriole. The
midpiece is type A and contains semi-fused mitochondria around the axoneme. However, the symmetrical
distribution of 4 or more the mitochondria does not follow a general pattern of the cyprinid spermatozoa.
Cytoplasmic vesicles in the midpiece are common in Cypriniformes and some of Siluriformes and
Characiformes spermatozoa.
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A e (Baccetti et al,, 1984) T4 AP E AFNM H=1e] Auk3
S#:FA Pseudogobio esocinust &G 12 (Cyprinrdae) =2 A vAFERE TEFE, 259, J1HR g gEA Jlon
5. 210}3} (Gobioninae)dl] 8HE o] F= o] Q5w T34, &3, A3 v FRAAE @48 Aol E Yei
A EH 223 dBoE BT Qo (Kim, 1997). £ = Aok
2 1846\ Temminck and Schlegel7} Y& 1L}7pA}7] Bzol A B A7s ZaFA Qe ATz Ak Mgy s
AR B ZAZ Gobio esocinus® WG 18639 AT AHEFTH] FHF o] HE sk ATH
Bleeker®ll 23| Pseudogobio 2.2 A<&HAJ ) S =)o wAE aFHAT
Aol B3| 19393 UchidaZt X222 P. esocinus®) 3
g9} Alejol] sty H stk (Kim, 1997). Mz o gy
Hol Ao M2i e FFolFE 7|&E) YT 2 A7) ASE ARE 200539] 495E] 784}0] WA

ioi delzl Fo| HZow diFe] AMEA T HHsEHn 7toll A& A7 A-AA AR & R BT
Slo} (Hosoya, et al., 2003; Kim et al., 2005) 7]&2 73 MAEoIth R NMAlE SojtEHE ALE 253 3 B
Zo A thekst Wol A A7v) Q?Qﬂ'ﬂ & HAAE A D FAAREv F o7 BAFYT)

A

ATt o] ol X o 7o EFY ATS Eia=s) FRAAAYZ (TEM) L ALz2g FE319 259
UAA FApe] FRE 83 A7 B 5"%‘%‘3“7‘1 ‘5-3-?} glutaraldehyde, 4% paraformaldehyde (4°C phosphate buffer, pH
GXE AFEd P} (Jamieson, 1991; Mattei, 1991). 7.2) &Aool X 222 AR, $E 8 (4T phosphate

Pl Axpoll #AZ AFE Carassius auratus (Fribourgh buffer, pH 7.2)2. % 1057} 33] =413 & 19 osmium tetroxide
et al,, 1970; Guan, 1990), Cyprinus carpio (Billard, 1970), A F11A P AL T g=gHo s 33 A3
Brachydanio rerio (Kessel et al., 1983), Rhodeus sericeus &, ethanol (50% — 100%)Z E<=3}3L, propylene oxideZ 3|
sinensis (Guan and Afzelius, 1991), Pungtungia herzi (Lee and ¥8le] Epon 812 £ Eofdt 2, 357, 45C 2 60T
Kim, 1998b), Zacco temminckii (Kim et al., 2006), Squalidus T2 vaccum ovenol| A TS AZ T XviE AgE
2% (Lee and Kim, 1998a; Kim et al., 1998), cyprinid 75 ultramicrotome (MTXL)2. 2 ZBFAH-S THE9] yranyl acetate
2} lead citrate= ©]F G A3 FAAAER A (H-7500) 08
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WY BN A e 5Ys Aad $Ee AR
I 58N ethanolE A3 TS iso-amylacetate 2 X] S
3l JAIY ARYPo R AFXE 3 IB-5F ion coatingd}]
FALRAAE W (S-4100) 2.2 ARSI A

2
HXE Y (spermiogenesis)

#7] BME (early spermatidy= FHolH] HALE=7] e
B A Aol A= MELTBE] BEEIY
o} Fig. 12). #9] o2 Bl Puto] YR FEH o] 3}
(nuclear fossa)7} MAAE 7] Al&bsta Aola =41 o] o]&Es}
I FAHE ZAde AP EE 0] BolgE FAs U
(Fig. la). A Ee] A Aol o] o} ot v S
QA FEEH 71RFA-H] &3] o} ko z A]5HA
Hil 7IRSAES e AR BER st ds ddH
o] AT (Fig. 1b). AMFEZ2] ZHel YT DER T4l
A= BRI EEF er R EE25 9 MEde FEE
o] cytoplasmic canal2 A3} JAATH (Fig. 1C). Cytoplasmic
canalol] &Jate] HEG A ETAL 45 e HEFHY
AxzAdz nEZEg oy} o]Fs A5t AUt (Fig. 1d).
AME WP Aol oS g ot 2 6 F5HL
AEA ATL7)Be D) wjme] A8 glon) AL
E+2 cytoplasmic bridgeol]l &3] M2 FAR o] XA X
FNERE F4T 5 U521 AU Fig Lo)

A2 HFIA o] A Bt A7) 82 23] F5EHIA
I HzAe] ZHERE gloR L Sertoli MITE A} FA=r
AA B HiZzho] Yer] AT g oA 7]8] AAME
9 FHAE B vesicleEo] WENSTH (Fig. 1f).

=5t M A} (mature spermatozoa)
LY FEA] Al R Pl T2 T8, #S FH, 9He
2 FAH] AU (Fig. 2a). ALY FHoll= HAZE 1o
AL wlg FEEo lon Ho JAR FAAH A=
71IHFEANES 3T AT (Fig. 2b). FEH 3ofe] At
I NRFAEAoldlE AR Edo] dsddsta slen
F49 9 714 R s ARt 28 AT} (Fig. 2b). F
ZgAatol e ZhE= oF 1200 o) o]9}t 2o A It
HEelo] Ztwof whodslo] Yeluil AT (Fig. 2a, d). 5H
F3= cytoplasmic canalol] 9]3le] A E A3} HEAlo]r} BelE
o] o™ 3.57]2] mitochondria”} 2522 HE ] FHS &
A ISIT) (Fig. 2b, e, f, g). A E (spermatid) TA o] H]5}
o nEFEgole] F27t BHstA) o URe] A
o = o] I §FE TERE FEHA (Fig. 2f. g).
FHAE of7te FE7F BFAR A2 vEled 1 Ut
B o HARME IF FEE ) (Fig. 2d~g) R
NARZ FFHA vesicle TFEE YEIA] 29T} (Fig. 2h).
HAne AYZQ) 942 o] F A4 FZo|H axonemal find
= A &3ttt (Fig. 2h).

E-olEY - g gul

T @

Yoift HApel YRA MATZE TR B, He B
H, 3o 11 ARE JH wRE 450 U (Baccetti
et al, 1984). A 2] RIFAA F§ 0|9} e JelE 433}
7] 9% AR HAolet @ & 9lck. A AL DA
FRE fARAR 7 27109 A5k 74 Telw 1 2
= 209 S04 nolFy Yo

R} F-A]| (Pseudogobio esocinus) A F2] W42 ol
of $70] ol ghw B} iR Ho 2 Al gl
Type I (Mattei, 1970)°] 3l &3tk & 4= o1} 3 jto
A%zAe] AR5 310 Type 19+ T o)k 9l

o 2ARA gAY BRE Hel FFe] Joluk ol FoxE

o] AL dojuhA] Fom J&3 FA oA 7} HE
ZAE7b oF 120°9] 2hE VR ik 83 WY A%
7 o g dehte AL diEe] dolfiolA vehd=
TEE YR E £ 9on Hi HE o Are 7RF4A
HA 71MSAEY 457t vidE 02 JoFdAe et
A& Kol At} (Baccetti et al., 1984; Lee and Kim, 1998a,
b; Kim et al., 1998; Hara and Okiyama, 1998). Mattei (1970)=
A S sk FIolR A HEE o] SH A A
gko] o] FFo] dojrpr] M7A] dol & 2ot #ze]
AY BRE FASHL Busdot

Azol{ AA Ho| FHL o¥AHoR e A
Osmeridae, Plecoglossidae, Salmonidae (Hara and Okiyama,
1998)3 T8 Ho=Z Yeldi= A Siluridae (Lee and Kim,
2001), Bagridae (Lee, 1998), Heptapteridac®} Pseudopim-
clodidae (Quagio-Grassiotto et al., 2005), Plotosidae (Hara and
Okiyama, 1998) &2 FE8& 4 ). o FoAe d&EH
yEE 580z FEFHI 3o (Baccetti et al., 1984; Kim
et al, 1998; Hara and Okiyama, 1998) ©|9} Z+-& & zo] ¢JoiF
o] FBH EAC=E B 4 vk

R FA A e et FAE GAZE AP HEX A A3
s o] Foote) 7| RFAHE S xFstar sk
BEARY Hel= A4 wpe} A AR FEE F e
d), ] S $R§ Type Al 3= Leuciscus cephalus,
L. souffia, Rutilus rubilio, Alburnus alburnus alborella,
Chondrostoma toxostoma, Barbus barbus plebejus, Carassius
auratus (Baccetti et al., 1984), Squalidus chankaensis tsuchigae
(Kim et al., 1998)9} 319] Fool A8 Type Boll £3+=
Silurus microdorsalis (Lee and Kim, 2001), Acanthopagrus
schlegeli (Gwo and Gwo, 1993), Pseudobagrus fulvidraco (Lee,
1998) o7 RS = ok w3 FEH T mele A7t
e, Type I SAHBEES A 58314 X A== vi-¢ LA
2% A (Lahnsteiner and Patzner, 1996), Type I 715419
& 238 vhE gEE A (Baccetti et al, 1984), Typell 71575
AYT NAFAEE 25 2T v o] FEH A (Lee,
1998; Lee and Kim, 2001)0.2 TE& 4 gict. JolFe

Rhodeus sericeus sinensis (Guan and Afzelius, 1991)F =] 2|3+
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Fig. 1. Transformation of Pseudogobio esocinus spermatids into mature spermatozoon during spermiogenesis. @: The
mitochondria (M) of an early spermatid migrates to centriolar complex (C). Note the invagination (white arrowhead) of
basal part of nucleus(N). ®: Invaginated nuclear fossa includes aproximal centriole (PC). Note the connection fiber (white
arrow) between centriole and nuclear envelope. (©: Flagellum (F) projected from the distal centriole (DC) and pass through
the midpiece. @: The axoneme (Ax) seperated by cytoplasmic canal (black arrow) including mitochondria (M). © Nuclear
condensation and discard excess cytoplasm, vesicles will form the apical membrane of spermatid. (D: Cross section of the
late spermatid showing the seminiferous lumen (Lu), several vesicles (V), nuclear envelope (NE), cell membrane (CM)
and sertoli's cell (Se).
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Fig. 2. Mature spermatozoon of Pseudogobio esocinus. @: Scanning electron micrographs of a spermatozoon showing a
spherical head (H), a short midpiece (Mi) and a tail (T). ®: Longitudinal section through the nucleus invaginated a nuclear
fossa (white arrowhead) showing the cytoplasmic canal (black arrow), mitochondria (M) and flagellum (F). ©: Transverse
section of the level of the basal nucleus contaninig the centriole (C) in a nuclear fossa (white arrowhead). Note the fibrous
connection (white arrow) between the nuclear enveloper and centriole. @: Longitudinal section of the midpiece showing
the two centrioles (C) and cytoplasmic canal (black arrows). ©-®: Transverse section through various levels of the midpiece
showing the distribution of the mitochondria, which is separated from the axoneme by the cytoplasmic canal. ®: Transverse
section at the level of the anterior part of the cytoplamic canal containing nucleus (N), mitochondria (M), vesicles (V)
and axoneme (Ax). (D: Transverse section at the middle level of the cytoplasmic canal. Note the axoneme surrounded by
several mitochondria (M). Transverse section at the posterior level of cytoplasmic canal (black arrow) containing mitochondria
(M), a few vesicles and axoneme. Note the axoneme include vesicles (V). ® Transverse section of the endpiece showing
the axoneme. There is no axonemal fin.
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BHFAE EF3F i E-o] Type ALl &3l Aoz B

JoIF o] FHAA BAFE vlEREole ol
e} sob Welv) ohkskA velks ik ol Aol
MEZ=Golr) Uz §8E TF Pungtungia herzi (Lee
and Kim, 1998b), Rhodeus sericeus sinensis (Guan and Afzelius,
1991)9} THHRA FL FF Leciscus cephalus, Rutilus rubilio,
Alburnus alburnus alborella, Chondrostoma toxostoma, Barbus
barbus plebejus (Baccetti et al., 1984) Squalidus gracilis majimae
(Lee and Kim, 1998), Zacco temmincki (Kim et al., 2006), Z.
koreanus (Kim, 2006) €5 §3¥ +%= nEZ=golrt
cAgez ARE AL T Squalidus chankaenssis
tsuchigae (Kim et al., 1998), Leciscus souffia, Carassius auratus
(Baceetti et al., 1984)E & 4= 3o} Squalidus 252 U|E
Fedote eyt dE2A RuH A

VA Pungtungia herzi, Squalidus gracilis majimae, S.
chankaenssis tsuchigae®} T A= R F-X o} Gobioninae
o 3] gl FEZ nEEC=ole] R By etz
AAe dF §FHY cAFer HARE EHRL s
Squalidus chankaensis tsuchigae (Kim et al., 1998)9} -f-AF5ct
3 & 4 Atk Baceetti et al. (1984) AX}e] EFol o]
nEZEgoty] s YAV Fas ERIAZ B 5 dvn
FBATh £ R FA] AN HRE FAHOE thAF
L8 2XF VEZEL0}Y Txe YoM Yutiez
Jepte Fee oo,

ERR GAe] FAHNA BEEHE vesicle TRE PR
R 7)Fo M= FElstAl vetu 713 f el As B2 E A
2otk o] L vesicle T2 Cyprinidae (Baccetti et al.,
1984; Kim et al., 1998)ol 4= SHR 9} HRA Jeht 1,
Siluridae (Lee and Kim, 2001)9) X FHR A FF= 1,
Citarinidae, Erythrinidae, Curimatidae (Quagio-Gassiotto et al.,
2003y M= FPR} HEN RuHAoh Siluridae9}
Citarinidae®] FHF-ll A JEI}E vesicleTZ2E Fu g B
Z (tubular structure)E A A Zo] 71202 Yeh
3L Qe W, BYRAE 3 JoiFAME EEE B
Fom TN ARG FE BAHT EFT Fad

Aol7t e 2 & AT
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