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ABSTRACT

The aim of this study was to clarify the differentiation of seminiferous epithelial cells and spermiogenesis in

the testis of Rana catesbeiana. Spermatogenesis of R. catesbeiana consists of primary spermatogonia,

secondary spermatogonia, primary spermatocytes, secondary spermatocytes and spermatids. They were

subdivided into eight stages on the basis of the morphological features of the germ cell differentiation. From

the spermatocytes except primary spermatogonia to before the spermiation of spermatids were surrounded by

spermatocyst. Spermiogenesis of R. catesbeiana can also be divided into three stages on the basis of

morphological features of the nucleus and the cytoplasm organelles. Spermatozoon contained a saccular

acrosome, a cylindrical and tapered slighty at both ends head, and a tail with only the axoneme.
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FAMF2 AR WA FA 9} perforatorium 18] 1
A &e ARl ring FEEE 22 gled, g& A
Ze gl 2] 3% (undulating membrane)eo] 2}
Eole ok AxzAes) axial rodE R4E ARES
23 e Aol EHeldla. 53], Fuli A=
Zoll ot PeAA HFAdE Holxd, 53] ¥R

2R A e zoF, perforatorium, ring +2E, &g s}
7 4 axialrod®] /7 & £ 47 o o7
4ate) WA HAEL 2 Zol FAD Aole
Bol7) Agel F& TS FoT A% 9ok

QR Fu1 59 Ao Tre BY AFEE
Burgos & Fawcett (1956)¢]] ]3] A& B3z =gl
1 Fe) Fuds) 2]} (Discoglossidae)®] Discoglos-
sus pictus (Sandoz, 1974)2} Bombina variegata

(Furieri, 1975) 9 Bombina orientalis (Kwon & Lee,
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1995), 7 1] 3} (Bufonidae)®}] Bufo bufo gararizans
(Kwon et al., 1993), A7) =) 3} (Hylidae)®] Hyla japo-
nica (Lee & Kwon, 1992), 53} 3} (Pipidae)] Xenopus
laevis (Bernardini et al., 1986), 7} 7-2] 7} (Ranidae) 2}
Rana nigromaculata®} Rana dybowskii % Rana rugosa
(Kwon & Lee, 1995) S-o] th4= B uH g} A7
2] (Rana catesbeiana)®l| B3 ATz AR ef}A]
Z9) AlzAe] oFx<el ¥3}(Sprando & Russell, 1988)
of #& AR ool AAHAA Fo AAFAA
R3S FAH R AT vk i

gk B A7 S]] AR e
ste} AW AR Fo] AHAe] FellH AL =
st 2 Fulf F3 ofwd AolHe| U7
oty 7] Asted AAEAH

R

&In?

M2 o wy

2 dFel 4R Aee A
19993 1047 HA3 Fasl
na) 47 N8 Agsden, A7 A APz
bsle] ethyl etherz w3 # A28 HE3AL,
QAAZ psbAsh AAbdea 29 A o
94 59 Fohus] dake] HazNEE ARY

& 3%-glutaraldehyde (4°C, pH 7.4, Milloning’s
buffer)® 1.33%-0s04 (4°C, pH 7.4, Milloning’s
buffery2 Z+zb 317 AxA 9 F14E& Ao 2
Aol i 2AEL TYY #FY @C,pH 74,
Milloning’s buffer).e. 2 A3t ©}-& acetones= At
2403 Eh4sle] Epon 812 Effdl oz mnjdle
3ot =ofd £2]-2 ultramicrotome (Sorvall, MT-
6000)& |83t 1pm FAZ MAHTE =& 0.5%-
toluidine blue2 FAste] Mz Rste 7+ S
sanldes P, ool 60~90nmsl FA
A&A el AHAE o] uranyl acetate e} lead citrate £-
Hog ofF gMate Azt¥u|7 (TEM, H-600,
Hitachi)e 2 33}y

T A xRN
L["_

2] (Rana catesbeia-

a

gaNFae FARAze 2HdAE 2 89

Az FE5e} Fow (Figs. 1-8), AApAeig & 3
3 MEzA a7%e) gy 54 =z oo 3%
A= 78s}edch (Figs. 9-11).

HArg Mz 25 oA

I1A): AR 3] 7] 7h7belel = AU 2
(primary spermatogonia), |23 A 3L (secondary
spermatogonia)7} $] X3} glsl e, o] & M E9] gl
A¥ol| = A)2A 2A L (secondary spermatocytes), A 2}
M Z (spermatid)E-& W R3te] A5 HAHLE o]
o FFEHAG o] A7 AALANZE: A
(spermatocyst)& A EA| &3t (Fig. 1).

Mgl A3g A3 o2 AlRAUAA 271 714
2 shrtelel] 2Bk glom, o] Az FWd=
t}4=0] A2 Ew] A)=Z (Sertoli cel)Eo] E&a}3txr 9
o3, A FFG A G Abeloll= 2 A £ (inter-stitial
cel)Eo] #2= I (Fig. 2).

I 23] el o4 A=Az
(primary spermatocytes)Eo] 13t ¢lglor], o] &
ABAEEL A5 HEE3e] Aeolz s o
A (nucleoplasm)®] Fx=7} o 2ol s Yehig],
Azge A=7l o]& MAZE Atelols FAEGG
(Fig. 3).

IVERAL /1A% Ahrpelo] gl 4 728 Wl
ANMAEMZ7F FZH T, T H2E A2AHRAZE
vehtedl, ol 5 Az JA] A el &3k Q)
Qet. o5 A2YrAzE APz w8 A%
o =77} &g ¥ ok G yEsF ¥R
on), 39| #=7)= Akt (Fig. 4).

VA 714 sl7teld] Gg] H1A B ZE
A8ty a, #AL A dAnd i pEEe] e}
o} (Fig. 5).

VIGHA: o] Al7lele A RA 27} oS 235
o] =2 weke] AR} E (round spermatid) 52 A
31 e, olE HA A F2E e A
T )i} (Fig. 6).

VIIgHA: 714 717te] o] ARAEELE A dA R
o dAdo] B& FEE Jedoen, o] 94 A
3 Fz2E el &AM A 9 (spermatocyst
wall)Zol] 7}A %] wjd= e Aot (Fig. 7).
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VIILEHA: o9 A9 AR 2] F817F 3
wWZxkoz iy g)9lon, o)F ARz =4
& A9 A= g5tz Ul (Fig. 8).

Hx}HEY

1Al e 27) SAlel ANz P32
78 =t ey oz A 7R3 w)gdE e
3L, M ZzAd e o4 njeZ=e] oy} Vel
w, A #e] Wdle AR mert FAFHH
(Fig. 1).

A o] Al719 Ad Wi ARAZ] d2 o
AAE ] glden, AR 2L TR A o

BB

145

o2 wjdHe] s} (Fig. 2a). 8 FHIE Zo] A=z
A Yell= 7]3-32]17 (proximal centriole)¥} wE-F4]
2] (distal centriole)o] “}ebyda, AX}e] Hm (flagel-
lum)7} AlE23 vrez e} gIsie (Fig. 2b). HA=
o] Aukrz 2% FHof glglen, o Fuh A
24 el v rjrZEgelrt H2E o (Fig.
20). AAANEE o8 A= 3 (Fig. 2d), Al 2- = A
ol 4 oz kT sUsivh(Fig. 2a).

mgA: g Ao HAHZES o A7l A
oz ojgdsle] FRE A28 M2 Mz W
o Wl AR AAAE AR AHRe) o)
F Zem A Weld ek dde ALTEA 1

Table 1. Comparison of ultrastuctural characters of the sperm in 11 species of Anurans

Species Discoglossidae Bufonidae | Hylidae |Pipidac Ranidae
Characters Dp By Bo | Ba Bbg | Hj | Xl { Ra Rd Rr Re
S | trypanosome & | D
cylinder ®) 2 | 6 @@ @ | O
curved ©)
Head helical )
A | truncated 3) (7
conical ®) @ | ® | ©® | O
saccular @ @ @ #
Mp| mitochondria ® | e | 0.
~axial rod
Neck | | mitochondria @ ©® | © |0 & | (@ @O
~axoneme
R | ring structare ®)
undulating membrane &) | & | @ | @ | ©
Tail | C | axial rod ® & O]l e e
axoneme ® 3) @) ) (5) 6) 1) @4 | @ ) @), *

A, acrosome; Ba, Bufo arenarum; Bbg, Bufo bufo gararizans; Bo, Bombina orientalis; Bv, Bombina variegata; C, composition; Dp, Discoglossus
pictus; Hj, Hyla japonica; Mp, mitochondrial position; N, nucleus; P, perforatorium; Re, Rana catesbeiana, Rd, Rana dybowskii; Rn, Rana
nigromaculata; Rr, Rana rugosa; S, shape; X1, Xenopus laevis. (1), Bernardini et al. (1986); (2), Burgos & Fawcett (1956); (3), Furieri (1975); (4),
Kwon & Lee (1995); (5), Kwon et al. (1993); (6), Lee & Kwon (1992); (7), Lee & Kwon (1996); (8), Sandoz (1974) (9), Sprando & Russell (1988); *,

This study.
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B 35 YT, 4 HE sl pEel 7}
t 95 %3 Adeh AL YL A9,

2= 24} (axoneme) & A3+ (Fig. 3).

L

£ o FoflA] A M 2 E3lctA = Burgos & Fawcett
(1956)2} LA 9} wpzb7lx] 2 A 1A LAA =, #1274
LAz, AR ZAE, A2Y A Z, AN 22 TS
133, ol AAMEY A Mz e
EAE BEd2 o At $2AE ot
& ARz BTN F A DMz A2
ARz H77HA] dAL yEFH 3, Hxe =)
E Aol whdell, AAHY 27] DA 9} Az =
A EE A% F9 AANEE 92 w55 o E
o] 3} Mz A48 Rk 53], A9
AR LA ZANM = Ade FAA AT A2A
A ZANAMRE] AR ZAARAE AFE FAFI A
F el WAlE] st Agel deFHE d:
AdozHE] ojdde] siyd o HE =4
TEAM & 5 Gt 5eld Helgtn & 4t ok

Burgos & Fawcett (1956)%= AAM R dA oA o] -

2| &t follicular cellell 2] o] A=A T 319
a7, Sprando & Russell (1988)-2- | 2.E2] Mz &7
o &8 wtEeiAvty B usigdch 28y FAu A
(Bufonidae)Q] Bufo arenarum> A|1AYM A=
Ade FAste 7oz Hol(Burgos & Fawcett,
1956) Ael WAAIE B @ Aot e
2)u)3}9, van Tienhoven (1983)% -S-Al A4z o] &
o4 Pge 23 olEY AN AR A
I sk

53], gavlee] HapagiaA e FX
A 9 AesdA Y] o] FAFA| ool B Qo
M A3 Az Wil FEE A7E Eda
slod A AAE 3PA R TR & AR
8 27] dA9 AR EE 7 = el B
& FsIH, I mof W) gl o 358
o] o} e wste}l 2] B o] mokg
et AE7lele 2] 953 2ok Ao
ohiet H%719) ARAES] AEA Wole =3

il
d
L

£l —3—» T

ik

e

e

< oo FEEol WAFH] el glEd ol
ohit= Mz B AFFLZ AR EH, o]
8t F25% Sprando & Russell (1988)2 cytoplasmic
lobeg} s #35}9] 37, Sprando et al. (1988)-2- cytoplas-
mic packetz} il 7]E3t 9lAITF oo digt FAA <l
7152 A odeA qlA gt

B, Folf AT FehH 5L was) »
=, T30 -2 7} (Discoglossidae)?] Bombina varie-
gata (Furieri, 1975)% Bombina orientalis (Lee &
Kwon, 1996)% trypanosome 2 & #3lar 9l vk
ol Discoglossus pictus (Sandoz, 1974)8} F74u]3}
(Bufonidae)®] Bufo arenarum (Burgos & Fawcett,
1956)2} Bufo bufo gararizans (Kwon et al., 1993), 7| -
2] 3} (Ranidae)®] Rana nigromaculata®} Rana
dybowskii 2 Rana rugosa (Kwon & Lee, 1995) 94|
433e) F¥E Askel, & AFIAE AT
(Ranidae)®] ©}-2 £3 wla7IAz 453 29ks 3
st dgdor. AN 3 (Hylidae)e] Hyla japonica
(Lee & Kwon, 1992)%= tha %2 i F3l= it
|, ¥]3}3} (Pipidae)®] Xenopus laevis (Bernardini et
al., 1986)2} Megophryidae2] Megophrys montana (Asa
& Phillips, 1988)% JYA¥E FHl 7o) 5AA 0]
9.
A8 mofg wwste] B, ¥ 2|7 (Dis-
coglossidae)2] Bombina variegata (Furieri, 1975)%}
Bombina orientalis (Lee & Kwon, 1996)¢8] A= <
Z Fo| Auzl moFE FHsl= ubH Discoglossus
pictus (Sandoz, 1974), F74v]3} (Bufonidae)?] Bufo
arenarum (Burgos & Fawcett, 1956)2} Bufo bufo
gararizans (Kwon et al., 1993), 27l 723} (Hylidae)2)
Hyla japonica (Lee & Kwon, 1992), #]3}3} (Pipidae)2)
Xenopus laevis (Bernardini et al., 1986) -2 933 &
3l ol /) 727} (Ranidae)®] Rana nigroma-
culata®} Rana dybowskii W Rana rugosa (Kwon &
Lee, 1995) 1213 & AFOIAE 4] G4 Feje
#shw aiet

Perforatorium®] #e]& el EXg v Zolsf 2
3} (Discoglossidae)®} Bombina variegata (Furieri,
1975)8} Bombina orientalis (Lee & Kwon, 1996) %

Discoglossus pictus (Sandoz, 1974)% endonuclear



Go SH & Lee JH : Germ Cell Differentiation of Rana catesbeiana 147

perforatoriume 7}A™, 78]} (Bufonidae)2] Bufo
arenarum (Burgos & Fawcett, 1956)2} Bufo bufo
gararizans (Kwon et al., 1993), A 7] 7] 7} (Hylidae) 2]
Hyla japonica (Lee & Kwon, 1992)% extranuclear
perforatorium-& 7FA e}t ¥bH, ¥ 35} 3} (Pipidae) <)
Xenopus laevis (Bernardini et al., 1986), 7l -2 3}
(Ranidae)®] Rana nigromaculata®} Rana dybowskii Y
Rana rugosa (Kwon & Lee, 1995) E%= perforatori-
umo] VehA| okokil, £ AFeM e npRrl2 &
Ask A dstet

729 EAE wlwsle] Byl s 2|7 (Disco-
glossidae)®] Bombina variegata (Furieri, 1975)%}
Bombina orientalis (Lee & Kwon, 1996) 2 Discoglos-
sus pictus (Sandoz, 1974)% ol EZ=glo}7} axial rod
of =] ek, F78] 2} (Bufonidae)?] Bufo
arenarum (Burgos & Fawcett, 1956)2} Bufo bufo
gararizans (Kwon et al., 1993), A7) 2] 2} (Hylidae) 2}
Hyla japonica (Lee & Kwon, 1992), 3] 3} 3} (Pipidae)2]
Xenopus laevis (Bernardini et al., 1986), 7] 72] 3}
(Ranidae)®] Rana nigromaculata®} Rana dybowskii &
Rana rugosa (Kwon & Lee, 1995) 2.5 S Aol g3t
Seo] vepgdet ARl $X3 ring T2 Crypto-
branchus alleganiensis bishopi2} Necturus maculosus
maculosus (Baker, 1963), Amphiuma tridactylum
(Baker, 1962; Barker & Biesele, 1967), =%-% (Kim et
al., 1995) 53} 7Z-& v F (urodele)e] AAjell 2
Ao 2 v}el}=4d) (Barker and Baker, 1970), & &
SN B QTN YErA dste olee 3
o) #ulFet FulF AA) Fehn Aolg veple
shtel HA2 AR EH), 55 Fu7)7e) 3} Disco-
glossidae) & Discoglossus pictusol| = ring FZEo]
eldbes Aoz Mol BombinaRvt v 22}3d el
31 74533 glvk (Kwon & Lee, 1995), 28V 9470
Feiske) mE FolA vehbs AA6 A 24}
A lERes oo da AxEQ 2AE AAse
2 AR,

we)e) YegH ¢ ww, T 723 Disco-
glossidae)®] Bombina variegata (Furieri, 1975)%}
Bombina orientalis (Lee & Kwon, 1996) & Disco-
glossus pictus (Sandoz, 1974), F7]¥8] 3} (Bufonidae)<2)

Bufo arenarum (Burgos & Fawcett, 1956)2} Bufo bufo
gararizans (Kwon et al., 1993)2] mzl= &4} w52t
# axial rode2 FAHS ). AN T2 3 (Hyli-
dae)®) Hyla japonica (Lee & Kwon, 1992)¥= ZA}e}
axial rodo2 FAHe lge™, u)u}s} (Pipidae)2)
Xenopus laevis, 7 7-2] 3} (Ranidae)®] Rana rugosas}
Rana dybowskii @ Rana nigromaculata (Kwon & Lee,
1995) 28] & AFANE @A SArzEE FA E o
Uit
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FIGURE LEGENDS

Fig. 1. Light micrograph showing the primary spermatogonia (Stage I). Primary spermatogonia located near basal membrane.
Mst, maturating spermatid; Psg, Primary spermatogonia; Ssc, secondary spermatocytes; Ssg, secondary spermatogonia;
St, spermatid. Scale bar =50 pm.

Fig. 2. Light micrograph showing the secondary spermatogonia (Stage II). It was formed spermatocyst (- - -). Ic, interstitial
cell; Mst, maturating spermatid; Sc, sertoli cell; Ssg, secondary spermatogonia. Scale bar= 50 um.

Fig. 3. Light micrograph showing the primary spermatocytes in meiosis I (Stage IIT). The primary spermatocytes of the left
(arrows) are more differentiated than primary spermatocytes of the right. Psc, primary spermatocytes; Sc, Sertoli cell.
Scale bar =50 um.

Fig. 4. Light micrograph showing the primary spermatocytes in meiosis I and secondary spermatocytes in meiosis II (Stage
IV). Psc, primary spermatocytes; Sc, Sertoli cell; Ssc, secondary spermatocytes. Scale bar =50 um.

Fig. 5. Light micrograph showing the primary spermatocytes in meiosis I located near basal membrane only (Stage V). The
primary spermatocytes are more differentiated than Fig. 4. Psc, primary spermatocytes. Scale bar =50 um.

Fig. 6. Light micrograph showing the round spermatids in spermiogenesis (Stage VI). Note the spermatids existed in the
spermatocyst (- — -). St, spermatid. Scale bar =50 um.

Fig. 7. Light micrograph showing the elongated spermatids (Stage VII). Note the nucleus concentrated and arranged toward
the spermatocyst wall. Mst, maturating spermatid; Ssg, secondary spermatogonia; St, spermatid. Scale bar=50 pm.

Fig. 8. Light micrograph showing the sperm maturation phase (Stage VIII). The spermatid heads and cytoplasm are more
elongated than Fig. 7. St, spermatid. Scale bar = 50 um.

Fig. 9. Electron micrograph showing the early-spermatids of spermiogenesis (Stage I): The nuclei of the early spermatids
were formed round or oval. They are arranged toward the spenﬁatocyst wall. L, lumen; M, mitochondria; N, nucleus;
Sc, Sertoli cell; Spt, sperm tail. Scale bar=2 pum.

Fig. 10 (a~d). Electron micrographs showing the mid-spermatids of spermiogenesis (Stage II). (a), Spermatid heads are
arranged toward spermatocyst wall. Scale bar =2 pum (b), Note the sperm tail projected outside cytoplasm. Scale bar=2
um. (c), Mitochondria appeared in the posterior part of nucleus. Scale bar=1 um. (d), Note elongating acrosome and
nucleus. A, acrosome; Fg, flagellum; M, mitochondria; N, nucleus; Sc, Sertoli cell. Scale bar=1 um.

Fig. 11. Electron micrograph showing the spermatids of maturation phase (Stage III). Spermatids are exposed to the lumen of

the spermatocysts. A, acrosome; N, nucleus; Sc, Sertoli cell. Scale bar =2 um.
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