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ABSTRACT

The ultrastructure of spermatozoa in Hynobius leechii was examined with transmission electron
microscope and compared with those of other urodeles and anurans. The perforatorium and the tail
show most of the common feature of urodeles. However, there were several ultrastructural character-
istics in an acrosome, nucleus, neck, axial rod and mitochondria related to the nucleus. The acrosome
was trifoliate in transverse sections and the perforatorium consisted of two different concentric parts
with a fine sharp point in a subacrosomal lumen. The nucleus consisted of two different regions of
chromatin area and nuclear ridge. The nuclear ridge was composed of several bundies of five to ten
minute tubular subunits of 19 nm diameter in this species, while in higher urodeles it was well
developed in multilayers. The protoplasmic bead was separated by a cytoplasmic canal except the
connection with only the distal portion of the nucleus. The neck was a short cylinder and contained
pericentriolar material with transverse striations. In Hyxnobius the ring was not elongated to the tail
and the mitochondria were distributed only in the protoplasmic bead around the nucleus as in
Cryptobranchus, while in higher groups of urodeles it elongates to the length of the middle piece and
the mitochondria follow the ring. The ring elongation may be related to the distribution of mitochon-
dria. Hynobiidae and Cryptobranchidae are closely related based on structure of neck, the axial rod
and location of mitochondria, although they are different in the composition of the axial rod.
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kA F el S A 71 AAe} perforatorium, &
wheke] A ring W marginal filament9] w| 423
2 gleiM Fu)E3 s gl

ol Tl wet Ao} ringe] WA= &R
Ag zhol & el gledl, Ak FHTNME 2
g9 727} 439 $4e 2d%2 3lovh(Baker,
1966; Barker & Beisele, 1967; Picheral, 1979)
Hynobiuss &g diAZ 5% 277 (Baker,
1963; Barker & Baker, 1970) ol 4l 2 Z o] 7} Al 45|
o] YA e A2 viElyteh

N S Y P EEDCEEERE
HAYAT Aol olATzel A ATl geut
(Baker, 1966; Barker & Biesele, 1967; Baker &
Baker, 1970; Picheral, 1979) dA|7A] o= BHF7o
A 3Rz waA Qo) fulF % FolF AR
ASATE AQ A2ARA g £EY ARolch, 2
Fol M= Hynobiuse =3% 3l &8tw o5
Aro g Fisle] FHF AFe A A A3} °4:1L°ﬂ
8% Fo2 4AAR Yo},

uwebx 2 AFE 5o A4 ' Hynobius
leechii s A 8.2 3l AH=pe] &, HA|,
bead, nuclear ridge, ring, 3% 3 mgl9] n|H+2E
wiln a2 5L FAH R F95 ¥ 35 el &

FEE3 wmsar o,

protoplasmic

2 Ao ARE AsE A4S
frol e 285l &3l =55
o 3 AAE ol g3kl

HAAaE e 7 B HelAde 0.8% Al &
AoflA] ALE HE3e] glide glassol] =¥, cover
glass® Y Carl Zeiss Fetdv] 7 cg AAstg},

AAAeRH B4E AL 2.5% glutaralde
hyde (0.1 M sodium cacodylate buffer, pH 7.0) &3
08 4TCollA 4417} At e buffer §Jo =
1027 23] 4418 % 1% osmium tetroxide (0.1M
sodium cacodylate butter, pH 7.0) &4 90&-7}
F A8k L buffer £ g 1087} 23] 4413819

= Aol AR
(Hynobius leechii)

t}, 2 & ethanol®} propylene oxide A9 2. ¢-A 3]
23 o Epon 8120 Zwisglon], Zeis =4e
LKB ultramicrotomee 2. Z2%A Mg vtE-o] uranyl
acetate®} lead citrate2 o]F g As}le] Hitachi H-600
A 07 (15Kv) o2 HA s

z o

X 5% (Hynobius leechii) 2] A& AlA3 o0 2 A A)
Zol7} ok 291.81 pmelich, =E% Axlo] u|ATFR
£ frolf mele ity £ &4 sbEul axial
rods} ring F4-& 7Hx = Wbl Rl EEEa]ols AlF9
of X8 gttt A= FiE 71l gk e s}
HA FhselAw Aol 122.06 pmoln Hol Ao
5.20 #me]| 3} (Fig. 1),

HAlE o YFeog A ARl 2 Holx o
20.50 gmel®} (Fig. 2), Y2 & ARDEs U7 2
2ol 2obg $hn gl (Fig 3) BA e 3 Aol %
2 430l Yaslof glon Ael AAel o=
of REF27 FAH 2 o Yoeh(Fig. 4).

Perforatoriume 5 %92 75 v] o}& Yol 3
¢} Axt¥ol Al endonuclear canal 22 323 9o
o alg RSl 4% 299t Ao RE 2T Selin
sl (Fig. 4) 3494 742 92 39le Fig. 5).

&2 Zo|7} o 101.56 pmo| 3 & 740] 1.02~1.15 ¢
mo| s Wt A A3} rhsei e, B Aol
dato] & Aole 3¢9 AR Aolzx FANE
sted e P43 (Fig. 6) 2 Fdd Wiele

a

perforatoriumo 2  AHHA rod 2L FAsrt
(Figs. 5, 7). 32 <344 B39} nuclear ridge®] F

oz TAH gl dAAL 35 g FFHElo] A

A w7} A vebgte}l, Nuclear ridge 2-91+& 2 7 o]
19nmel £35o] dFoz Jd4E FHE Eeidz 9l
2w 5~10708 L3 ol 2o chs HAskn Qigith
(Fig. 8).
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Fig. 1. Mature sperm of Hynobius leechii from a phase

contrast micrograph.

o 2 W Rols B 49 nlEEce]olE sl 9l
9t} (Figs. 8~10).

AYE 71RFARTS 9T A 45° Adxz g
5o] 9li = F9 ol pericentriolar material, axial

rodd] & 49} ring B2 T4 Ych

— o

Fig. 18. Schematic diagram of the spermatozoon of

Hynobius leechii in different regions.
A~E. Longitudinal sections of the spermat-
0zoon.
A. the anterior acrosome.
B. the anterior part of the head with an
acrosome, perforatorium and nucleus.
C. the posterior part of the head with the
nucleus and the protoplasmic bead at
this level.
D. the anterior part of the tail.
E. the posterior part of the tail.
F~O. Transverse sections of the spermat-
0zoon.
F-G. the anterior parts of the acrosome.
H. the anterior part of the nucleus.
L. the posterior part of the head with the
nucleus and the protoplasmic bead.
J. the posterior part of the head and the
neck region.
K-M. transverse sections through the princi-
pal piece.
N-O. transverse sections through the end
piece.
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Pericentriolar materialoll = 14719 7329l 3Fo]
AAHEY, 1 2 17nm= Jelhde 35709 744
2 26 nme] i c}h(Fig. 12). Ring EA2 374z 7
¥ 3905 A glon melE wet Aol A
ogko} (Figs. 12, 13).

me]= axial rod, $4}, marginal filament2} I}-&

uto 2 FAEle] glor (Figs. 14, 15) mele A4
g} 7k FAA R zpo]E BoJF ) (Figs. 15, 16),
Axial rod®] 7|3+ & F-9e} wigE 299 F F
Fog FH= 0 (Fig. 14) ot $99 AALUEN o &
3 Az A HUA E22R AARE Yv wd
uplgE ol me|of ZIuiye st glelzie
(Fig. 16).

ZAle 209 SR 4, 9 olFu|HLHe R
TAH A¥AQ 9+29 F2E vhelydch, FAlu|AlL
B FAZE Feidoln gl o] Fu| AT AAHAL
of 28] FAzsel dAse] glen ubd mok
77 84 olFw|M LTz 1A

O

Q

marginal filament:
=lo] dgict(Fig. 15).

mze] AR5 alo] mEE olFv TALEFT
axial rod7} =A ¢loixz, =g Az gelA
axial rod7} YPH Zo g o} Qlrir} AT gloj x| A
=] (Fig. 16), marginal filament= A}e}A whghiol
A& FAkate] B3 o (Fig. 17).

27 182 =& AAte] F2F AUl Ao wet
EAEele] RS,

a &

523 (Hynobius leechii) A%

A9p zro]l 71 A AHA, AAHZ F5H 8,
perforatorium, 74, ring % 9 slgutoz T4z

o] 9o},

HAE 2 o] 22wl wokg ofFx Y], °f
28 2% H. nebulosus| A= ¥ 15t} (Picheral,
1979). olebzre HAle} Fx3 EA2 HynobiusolA
a2 ARE g glol 5554 oz Az, A4
Aoz So|ie) Mk 2 Fulwe FFoz 5o gl
own] Fulf nelgor ol 9l fulFol Blal 3
2 Aez 2azoglri(Lee & Jamieson, 1992;
Kwon & Lee, 1993),

Perforatorium-g i #-22] f-u]fFol4 endonuclear

canal W4l £ £33} endonuclear perforatorium} &
o] &R FZ3 FE3 extranuclear perfor-
atorium< 7]—2]-‘—_- Aoz ®yElo] glew (Picheral,
1979), FrelfelA+ 363 £ Ascaphidae
(Jamieson, et al., 1993)2} sl F2] 3 (Discoglos-
sidae)gte] Frlfeld & 4 Sle
perforatoriumg- 7}3 o} (Kwon & Lee, 1992).
2 endonuclear perforatorium2 o459 A A
2 A= o)2]dl A3+ Ascaphidaes} -7z

endonuclear
fur 2=2 =

el Al EshA Aol glolA] WML A3} )88k AR
AME Fu|{-F ATLE LRHHE A A3,
Baccetti 5(1991)& endonuclear perforatorium o}

a3t BEFE SR el FAs k. Pleurodele
waltliio| A9 perforatorium®] &&H8E2 = Fuls
o] 3% FAMA F2E stz 9lorh(Picheral,
1979), =%%olAE 232 F4AUA 72F stz U3
o,
& & o WA 3 nuclear ridges] F {802 FAlE 0]
o] 2 Felo FE Aol whel 37kA] Joz i
t}. A, nuclear ridge -%-0] B 7o Lot
of o8] gFoz AMALE FEHAL Yv TRE
2%S I¥3  H. nebulosus®t  Euproctus asper,
Salamandra salamandra (Picheral, 1979) 5¢] dlAl2
5 felFolA & 4 glch

£, nuclear ridget= sh}e] 4£FchbE FA 5
AAA o) §F Bio 228 el Pleurodele waltlii
(Picheral, 1971), Ambystoma opacum (Sever & Kloep-
fer, 1993)o1 A o]2i3k okite] Bu=o] ik, AA,
nuclear ridge ¥-#-o] Ao 27|9kg F Wz o]
‘,{ll‘— F22. Triturus palmatus (Picheral, 1979)o 4

T 9ok, o|Ake] Axtel s fulF FolAd 1F
B8 Fer Z4E puclear ridger} & whukslo] g}

8¢ %+ slgtesl e 724 e wol% #o1%

PO T

mln 2 o

o r-‘.i'm

Blslol glan fel Erke vt zﬂs&ﬂ TSl Mzt 3
# dAdso] glor o f1AE ARl wet A
Bl eistet. =854 beade] HX7F dA A
Ehb] g A2 beads} #utatole] R P4 A
< 7HE Aoz Ardrt

742 FelFelA 2 Aot chashA vehA F
FHdhed Fod YA olg=o] gtk Necturus
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maculosus (Baker, 1963), Pleurodele waltlii (Picheral,
1979), Amphiuma tridactylum (Barker & Biesele,
1967) 59 ZEHulfolAe] AR 2A velged
&3] Necturus maculosuss 40~ 45 pmol] 2o ulk
W, 2823 7383 H nebulosus (Picheral, 1979)}
Cryptobranchus alleganiesis (Baker, 1963) 52 3%
Folfol e e Hog RaFe] glof fulFe 2%
ERTLE & o o7 HEHAEE & F it

AN RFAR T DFARH Y o] Lo HExF
oA FAE o]F& Az del 45°2 wid=HAS
& Frajfol A ek Zho] 90° 1]
gto|v} ngE-FFE 90° o] 4% 32 3ok (Kwon &
Lee, 1993).

Pericentriolar materialel €A% 7402 vle
BET2E  Salamandra selamandra®s  Triturus
alpestris (Werner, 1969)ol 4 = #3ks) gl 0 1} & F3z0]
Ae AFAAE B b AAY F FolAe A
3o} wpgZol vl #A= it Nicander (1971) = ©l
g FETRI ZHFe =2FolA9  connecting
piece EA 3 FrAkgE Zoleti AlASGR At 2 7] 5ol
FAE AF7A HHA =l et

Ring 7+&& EE -fu|folA &A= axial rods
wpela AlgE Az A=A gL Ao 27HA S
X 4 qlode}, AR ring T2 Triturus viridescens
viridescens, Taricha granulosa, Cynops pyrrhogaster
(Baker, 1966), Amphiuma tridactylum, Amphiuma
means (Barker & Beisele, 1967), Pleurodele waltlii
(Picheral, 1979) &9 1&-fulfolA A2 db, Al

A=A e ring T2 =E%& 34 Cryptobran-

chus alleganiensis bishopi (Baker, 1963) 5¢ =)=
5-Fa) Foll A ¥irElo] 9lEd) ring T2 759} v}
AN R FolFo] EEFToE F4E A dukE o
viebtet,

Baker (1966) + ringe] Zo|¢} n|EZ = g]o} 21 A}
ofe] A5HAE AlAFHA ringe] AIAHA ¢ Fol
Aol HE vl EE s fole] SA| 7} FHFol QA ¢
FHel #Ey gldn Pged, =559 ATdA=
ring® Al7slo] 90A] 9w BT E 2]k W3t o)
o] Bxzd glewd H. nebulosus (Picheral, 1979)9}
Cryptobranchus alleganiensis bishopi (Baker, 1963)oi]
Ax AA] 2L pAE RS

ol Eeeols diF-2e] FulfolA meZlN-E &

B4z gy TF2E WA= ew EF Necturus
(Baker, 1963)ol| 4] ¢] wlE & =glolE axial rode] A
Zololl B2Eo] gl dlwdl Hynobius®t Cryptobran-
chus®] w|EZTelole 8 F9o] 9l protoplasmic
beadwoll L Z5Hew] 0|2 gt AL F Zollajnt 2o
Ae & 542 Aadh

Axial rod®] principal piece®] #thd-2 fro] oA
o)$ bk F2E Fa gled 255ds 25 43
olm, EEFFolEol Cryptobranchus al-
leganesis bishopi (Barker & Baker, 19700 A< ¥
Yol AASel,  GulaEololZel  Ambystoma
maculatum (Barker & Baker, 1970; Sever & Kloep-
fer, 1993)ofl A& grmofo g etz gYolsol &35}
=  Cynops, Tarica, Triturus (Baker, 1966), Des-
mognathus, Pleurodele, Amphiuma (Barker & Baker,
1970) Sol Mt e, 22, %5 ek AHE w
oy Fn], 2 XxolE9  Necturus maculatus
(Barker & Baker, 1970)o| 41 & 2ty o2 vepdo
ol el Asfol i B9 5 FHToAE 9Y o2 et
HE 25 $RE0E 24% A4 1 gt Bage
2 98Es 32 DAL ook 99 2edFa
ee & 4 Asieh olee 5L 4] J1eH B
©] #el, nuclear ridge®] ¥Z 3N ofo} AT
A3+ e,

s}&7t3t axial rode FolF9 ¢ F5o 2y
Yo 448 A gldA A HEw (Kwon & Lee, 1993)
E2%oAE axial rod7} gl oA E shEute
Q¥ goblsieh,

2 A7AH 255 A5 vlATEAA A A
W o] F-&, protoplasmic bead?] $]%], nuclear ridge
o Wi, AR A s, meje 74 Y Tzl 3o
A BERAQ gAE RoAFom ojzd SR H.
nebulosuso| 5 ZHe  FAE RAFa QoA
Hynobius 4-2) EA oz A 85y H. nebulosusoll A=
ring® F&7F Y€ Aol & Aoly velyr}, z@in
Hynobius®] 54& &4 57 3= Cryptobran-
chus$}y vl LY L w protoplasmic bead, 735-&} Zo] %
avial rod9) Felo] glolA] wi§- FARgE dbed, A<
e, pericentriole materalZ¢ axial rod9} Al U
ol Ao|7} YUt

S3e
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z B

Y (Hynobius) A%2] vlAdlF=
E 93 fulfe] o2 BRE Y AR A5
24 A3 vlasdch. =552 A48 &

u] 59 Ex9] perforatorium, ‘L]'%—D“}-J'}' axial rod®
TAH 2 E AV Aot &, A 9 axial rode]
T2} v]lE Rz glo}o] BFo) QlojA ERAQ ARG
el gk

Al AA AAE 5349 HAEAE 7R 2
oo P2 228 moFE sha glgieh, Aalobt
o= o]AAel perforatoriume] YA 9z ot
perforatorium-e 89 Fok-g W53 ot Fglf
2l endonuclear canalol = #3359}, Endonu-
clear canale #9] @olRol A ztste] & AA| Ao
9] oF 1/3& A3 ch

Ao 3] w353 A 299 nuclear ridge ¥
AEZ FAE9 nuclear ridge -9+ 19nme] e £
BEe] 5~10A409 chiz 3§ YAk gl o)
9 25EFTLE Z4E nuclear ridge 47} o
Wetslo] vl&o® widdso] vehdo),

wEZrelels 559 R FolM FHFel 22
gy 9l A= 28 protoplasmic beadeoll 35
of glem 2 X A3 Aol Usith
Protoplasmic beads ={$- A 35 ¥4 & o] Abnky
of| Alul 5.9 e} AAs]e] gl ofHE-L cytoplasmic
canale] 23] 25 gl&o] & EiolA $F =
olz]d Al beadd] ¢x7} dA A vehiA] g+
A3} d#sle] ot A=}

5L folRe] o Fofl wis) alake] i R-9lst
Z 3. pericentriolar materialol] 3] & wdxlo] 9]
ek 719 SA A wwk FARLS A4S o] F= Y-
9 Afehe 2 45°2 vl o] el

Ringe Algs]o] A gx v|E2ezolr} & 4
of Fx2Hel sedl T FAL FEHEIF
Cryptobranchuso| A1 5 & 4 3lew, AlAH ringg 7}
A B 2ERu o ARl w v B2 elobr} FH

H-of] “ﬂ%EM Lol ringe] m|ER = 2lote] L Zof]
P& Fv ez A7
E]—‘\:— %4, axial rod®} stz o 2 FAEH glo
F5-5-u| Foll A = o]] gl TAAR-& {Alsht F-1]

p

i

0

]

[+

£ axial rode} sHgto] A3t gl
A A HezH ol AL FAF-o AAA F
A2 FE,

471 =85 A5 vldT2d AL JAFFTA
Cryptobranchidae2} vl s} £ of axial rod A3l A
zpo}A o] glor}, protoplasmic bead, 7% = axial
rod?] geol| 4 wf-%- F-Alsle] §=]F% Hynobiidaesh
Cryptobranchidaed] 5 #oA 714 Be ZTETZE
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FIGURE LEGENDS

Longitudinal section of the acrosome and the anterior part of the nucleus. X 7,500.

Transverse section of the anterior part of the head containing the outer trifoliate acrosome and the
perforatorium. X51,000.

Longitudinal section of the anterior head showing an acrosome, perforatorium and the nucleus. Note that
brush-like structure (arrowheads) holds the Sertoli cell. X50,000.

Transverse section of the anterior head showing the relationship of the acrosome, the perforatorium
(arrows) and the nucleus. Note the perforatorium in the endonuclear canal. %x50,000.

Longitudinal section of the sperm nucleus showing an endonuclear canal (arrow) and a protoplasmic bead
around the nucleus. X 10,000.

Transverse section of the anterior nuycleus showing the endonuclear perforatorium (arrow) and extranuclear
perforatorium. X 50,000

Transverse section of the nucleus showing the nuclear ridge area (arrowheads) containing many bundles of
minute tubules and the chromatin area. Note that the nuclear membrane (arrow) surrounds the nclear ridge
area. X 34,000.

Longitudinal section of the anterior head showing the nucleus and the protoplasmic bead. The cytoplasmic
bridge (large arrowhead) connects the sperm nucleus and the protoplasmic bead and the cytoplasmic canal
forms a space between the nuclear membrane and the protoplasmic bead. Note the nuclear ridge area (small
arrowheads) within the nuclear envelope (arrow). x40,000.

10. Longitudinal section of the anterior nucleus showing the cytoplasmic canal (arrow) between the nucleus and
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14.
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16.

17.
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the protoplasmic bead. x10,800.
. Longitudinal section of the posterior part of head showing the cytoplasmic canal (arrows). X 10,000.
Longitudinal section through the neck region showing the ring material (arrows) surrounding the posterior
nucleus and pericenteriolar material with transverse striations (arrowheads). Note the centrioles forming an
angle of 45° and the axoneme extending from the distal centriole. x37,500.
Transverse section of the ring surrounding the neck region containing the centrioles. X 30,600.
Longitudinal section of the proximal tail showing the axial rod with two different region of electron
density. X 24,000. ]
Transverse section of the anterior part of tail showing the axial rod, undulating membrane and marginal
filament related to the axoneme. X 50,000.
Transverse section through the posterior part of tail showing the arrangement of axial rod, undulating
membrane, axoneme and marginal filament. Note that the axial rod becomes smaller and finally disappears
and that the undulating membrane becomes shorter and then also disappears toward the end piece. x70,000.
Transverse section through the endpiece of tail showing an axoneme. X 96,000.
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