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A A8 A (spermatogenesis) & A42] AA
P (seminiferous tubule)Wolx o] Fojxu],
A 2 A LA (spermatocytogenesis) o &
¥ (spermiogenesis)9 F QAE AX 4=
o}, F2A E(spermatocyte) TATA B
x A2 AAAE(Spermatid)7t A58 FA2
H717A o] #3-E A (spermiogenesis)
2ta ot

ARG B AT 1947 LAERE A
zZts)l oo (Brown, 1885. von Ebner.
1888). 2 ¥ AA¥H #AHL Leblond%
Clermont(1952a, b)7} Fe] A& 4oje] A
A #3534 & “Periodic acid-Schiff §e2
dAsle Ftlezn Z+ dAZ Golgi. cap.
acrosome. maturation phase® TF¥3dlsch
I %, Challice(1953) & ulM|F-Zol| 93 F&
& AEIHen, B3 LHF FAFAA #
g MAEnAH JdFEE At (de Krester,
1969: Holstein. 1976: Holstein and
Schéfer, 1978: Holstein and Schirren,
1979), %] (Burgos and Fawcett, 1955),
guinea pig(Fawcett and Hollenberg.
1963: Fawcett et al.. 1971). HA$

1978), MN=Y5ol(Afzelius et
al., 1982) & H| %3l FYoMT 4beF(FE
o £, 1981). T(ZS 4 1984), A (%
1986). AAFL(& F. 1987), A=HA(H,
1988: A, 1991), #9H (Lee et al.. 1993a,
b) 59 A7E1r Uk, oEle AFE FAW
g} wlA el atel7t A&E W on, ofF
2] AEEL At 747 & AAxe Fﬂ
H3lE 7iRtde RS AAETh aderA
AaMEe] E3 Fd dE & 2
Haled a3 o9& st

FH, pgole] FAFE A FAHE thre
TED FoM S3] FANEY E3lo] #g
T (Burgos and Fawcett, 1955)& A3}
e 3AMg A e gAE Tz AAE
Tt

Al AT AAYARG FAA FA
He| A & w72 dEE FAA BAe 3
st w2 SAE dol B Y3t HAE
Act.
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2 Ao A48 Ase A 31 o
o] (Felis domestica)& *}&39, ethyl-
ether2 viHlm 7 H3le] FA] i ByL
€ Asskdnt. A& Azte =2 gL 2wz
3% glutaraldehyde(4® C. pH 7.4,
Milloning' s buffer)el 231 2412t ¢ A xn
e F . Milloning' s buffer2 ¥t thA
1.33% 0s04(4°C. pH 7.4. Milloning s
buffer) & 2A17F B2t FuAsRch 1389 =
& aceton = s T©HME &3 T,
Epon 812 £&dlo g ¥ojdle] 23} Enjg
ZA &L Sorvall ultramicrotome{MT-6000,
Dupont)& o] &34 1 um FHAE A& %
0.5% toluidine blueg @Halce] 33tgn| 7 o
g #&add. olojd 60nm~90nme FAE
A& AHE o] uranyl acetate £H T
lead citrate €402 o|F JAF ¥ Fa
2ol 4 (TEM, H-600, Hitachi)e2 #z3}
[k E, ¥ v SUdEe AAE B
Zat7] sl A2 ABE FA slide glass
Ao =Este] FEHv|F oz BAsiHT)

E=hLy

AR BN FAEe 25 golrr] 93
Fedn|F oz Al | ~NeAE 7Y
o (Fig. la-d), oI ztZe] dAl-A ey
€ EAEE EU9= 3l Hol4t Lee(1992) &
o] W we} MAMEv| o2 @Aslo] FAp
B33 & 1071(%. phase)® Y& $ lth

1. HEt8ojds A

(1 eHAD

AEE Hele FAHY 3y F9 27] 94
o] AAAZ7F o4 BEHAYR, £ AT 7}
7holodle A2ARAEE BFHAH(Fig. la).

(I =AD

ARE delle Al IFEAZE vl &
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¥4E A 2dtAlel ARAREEC] RHolw 4
AEE ARAMEEC] HEY A E(Sertoli cell)
o Az g8 A (Fig. 1b).

(kA

ABE Holle 4249 AT A 13 2A
25 HESY o2 o AFE the FaAHAE
7v #FHAG (Fig. 1c).

(VA

AR E Hole b4 27 FAHNLE v 28}
o T olgdAlel HAMEER W Y&
oo Fatgol FAHAHFig. 1d).

2. MxXsojAY ~A

AR FA e A AT FR| A HA
A ¥ (acrosomal vesicle)?] AA 9x8} o
T ¥ HALE, HAl(acrosome), HAAY
(acrosomal granule)E¢ e, Azte] Ay
o] A4 (chromatin)® €%, Fxte] mad
4. T E(manchette)s) 283 4%, H§
(nuclear ring)el A3 o]%. m|EZ=glo}
v x| whel @=Ab Ymokole] FApAE] AL
A, FE, HA, dAs 9 ogdA=R FEI}
Art.

(SX|cHA)

® X147

AAANES] AL o/ 7Y T Bld¥ol:,
AL 1¢ AHAE Yo glen AxAy
ol &g nE2A BAHY g E=3 A o
28 EAA olHFd FANYE FHP e
HALE7E o) /) Helw, o}F olE HALXE
2 A A FUH(Fig. 2).

@ &3]

AT ol gun §Ho U ¥4
HAh, BAAE HALE dog oFid F
o BFE st glen, o] AFdE & =%
of <44 ¥ (chromatin granule)o] $%5
o] vebgth(Fig. 3).
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# Zoz ¢ AAARFE FHsle A
FALEE B2 IS YA 0 AALETE of
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Fig. 1(a-d). Morphological changes of seminiferous tubules during the period of spermiogenesis in the Korean cat
(Felis domestica). a, Light micrograph of seminiferous tubule showing secondary spermatocytes and early round
spermatids (Rs) near the basal lamina (step | ). b, Light micrograph showing secondary spermatocytes and elongating
spermatids in the seminiferous tubule (step [ ). c, Light micrograph showing the well-development elongating
spermatids in the Sertoli cell cytoplasm (step If). d, Light micrograph showing round spermatids of spermiation phases
and the mature sperm in the lumen(step IV). Bl, basal lamina; Es, elogating spermatid; L, lumen; Ps, primary
spermatocyte; Rb, residual body; Rs, round spermatid; S, sperm; Sc, Sertoli cell; Sg, spermatogonium; Ss, secondary

spermatocyte.

2 W22 gkt (Fig. 4).

@ FEF7]

AALEE 8o Aoz ry vpgXon 4
AR HARY L obH HA A Fow vgd

ol de] TNk i o] FHAT(Fig.
5). o] Al7ldl HANHLE “AYeNE Jehl .
ny)FFod s 29549 (proximal centriole)
7 49l 4" (distal centriole)o] vieEbsETH
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(Fig. 5. Inset).

® F2F7]

HAA ¥ (acrosomal vacuole)= 3o HW
o B2(m)Axz weo g H1 s E WA
A AA HAZ(acrosome cap) Yoz He}
Ak, o] A7l HA Y% (outer acrosomal
membrane)# %9 €I AY(plasma
membrane)< "aHo UAH(Fig. 6).

(A=A

® HAA

AAe o ARz gih gE5HotH Vebkk
o B3] AHaAlg ofglE ZAHAMFE vHLH
(microtubule) 2.2 o] U&= T ES F2E
o] #aA=ct, ojmFE] Fue] JMAEo] o
£ o $EFHAAAR(Fig. 7).

@ HAA %7

o] Al7lolle He] TR EtF
Adxrl F& 43 Fio] o & ¢ dFe
ZslolHm T, THHESZL e 3o Z
HPoz Folge] wel H& A Hi
dAe g% &5 APAt(Fig. 8a). A
2 AlzFRSel A #Eo| BAHFig. 8b).
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9b. Inset).
(olEhetA))
® olg#7]
nEZ=gol7l £} (axoneme)E TAHOEZ

F9 o Z&(annulus) ¥E7A 3oz 7+
AR A2 (middle piece)E FAsta 3lon,
o] A7l &AE FHAte] FHE FHFa UA
' guc. & AMEg Al E(Sertoli cel)EF
B ol ¢b3] olg=A] ¢hm o] MEAL
A (cytoplasmic droplet)g &% A=
Sertoli cell® AEAN] 28 A A (Fig.
10a). 28112 $HP AXAdle ERY +
Z(flower-like struture)?} #EAH AT (Fig.
10b).

ol &%

o] AI7|RE A&d HEL AMED AEER
B A9 olgdld (Fig. 11) W2Ee=z W&d
3 ARAANE oldst] HEH L v R AxF
2%g 2A] @& A& ge £ AAE] A
Aol v (Fig. 12a. b). 2453 A
AA Zole ¢ 55 umol g3}t z8ln FH
o] Aolx 5 um, FHREE 10 um. vFE 40

(MAEA) pmelR1et.
%71
aule) dAde) g5 Ao Bvtn, g

WAES} o] FuRz ol Ea Auolt o © Ik,

AcM FAAe He 2/3F=F ¥ doH
(Fig. 9a), THES] wALaL 27 o] <
20nmEA #& wws] i AAH(Figs.

Ay L Fx. FE. HA 2832 s
719] 4etAl2 FE(Leblond and Clermont.

Figs. 2-11. Electron micrographs showing Golgi, cap, acrosome, maturation and the subsequent spermiation phases.
Note arrows in Figs. 3~ 7, of mark boundaries of cover of nuclear membrane by the acrosome.

Fig. 2. Electron micrograph showing the early Golgi phase of spermiogenesis in the Korean cat. Note well-developed
Golgi complex and mitochondria were appeared in cytoplasm of spermatid, and the small acrosomal vesicles were
appeared in upper on nucleus. Ag, acrosomal granule; Av, acrosomal vesicle; Ge, Golgi complex; M, mitochondria; N,
nucleus; Nm, Nuclear membrane.

Fig. 3. Electron micrograph of the late Golgi phase showing a large acrosomal vesicle(arrowheads) fixed to a recess of
nucleus, and Golgi complex is seen in the neighborhood of the acrosomal vesicles. Note formation of chromatin
granules in spermatid nucleus. Ag, acrosomal granule; Av, acrosomal vesicle; Cg, chromatin granule; Ge, Golgi
complex; N, nucleus; Nm, nuclear membrane.

Fig. 4. Electron micrograph of the early cap phase. And, the acrosomal vesicle containing a large acrosomal granule
in contacted with the nucleus. Ag, acrosomal granule; Av, acrosomal vesicle; N, nucleus; SER, smooth endoplasmic
reticulum.

Fig. 5. Electron micrograph of a spermatid at mid-cap phase showing acrosomal vesicle spread outward from the
anterior pole of the nucleus but acrosome granule was not flattened. Note the appearance of flagellum in spermatid
cytoplasm{inset). (Scale bar = 2 um). Ag, acrosomal granule; Av, acrosomal vesicle; N, nucleus.
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Fig. 6. Electron micrograph of a spermatid at the late cap phase Showing the acrosome spreading over the anterior
one-third of the nucleus. Note acrosomal vesicle spread outward from the posterior pole of the nucleus and acrosomal
granule was completely distributed into the fold of the acrosomal cap. A, acrosome; N, nucleus; Sc, Sertoli cell.

Fig. 7. Electron micrograph of a spermatid at the early acrosome phase. The acrosomal vesicle spread to on-half cap
of the nuclear surface. Note the appearance of machette in early acrosome phase. A, acrosome; C, centriole; Cg,
chromatin granule; Mc, manchette; N, nucleus.
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Fig. 8(a-b). Electron micrograph of spermatid at the late acrosome phase. Note condensation of a cylindrical
chromatin granules in the nucleus (Fig. 8a), and the appearance of nuclear ring (Fig. 8b). A, acrosome; Cg, chromatin
granule; Mc, manchette; N, nucleus; Nr, nuclear ring.

Fig. 9(a-b). Electron micrograph of a spermatid at the maturation. a, This phase had better condensation of
chromatin granule in nucleus more than late acrosome phase. b, Transverse section of the manchette of the maturation
phase Showing nuclear membrane and the associated microtubules of the mannchette. The inset is transverse section
of the post-nuclear region. (Scale bar = 2 um). A, acrosome; C, centriole; Mc, manchette; N, nucleus; Nm, nuclear
membrane; Nr, nuclear ring.
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12b §

Fig. 10. Electron micrograph showing spermiation phase in the period of spermiogenesis. a, Electron micrograph of
early spermiation phase showing immature sperm to contain cytoplasmic droplet. b, Higher magnification of immature
sperm. Note flower-like structure appeared at the middle piece region. An, annulus; Cd, cytoplasmic droplet; Fls,
flower-like structure; L, lumen; M, mitochodria; N, nucleus; Pp, principal piece; Sc, Sertoli cell.

Fig. 11. Electron micrograph of the late spermiation phase. L., lumen; Mp, middle piece; N, nucleus; Sc, Sertoli cell.
Fig. 12(a-b). Light micrographs showing mature sperm(a) in the cauda epididymis. And, magification of mature
sperm(b) in figure 12a. Mp, middle piece; Pp, principal piece; S, sperm; Sh, sperm head.
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1952a)HolAH AFF W HAAY AL
EFEES Fdmet o Aolr} Un xd ¥
43 P YolME 2t GAs FAlo) d4A
o2 At 53] AP He Ao Bale
BFaPER A2 U8y 445 dAE By
Fed °18 FA¥A 3 (spermatogenic
wave)2ti Eel@rt. 2z BFeln ¥HE
B9 AAHe Aol A" YA g B
T 8l THA 93 I #A9FHe] AL
TUY DA oA ¥y dsle] wa} zzte)
B89l R3lkdol dAHew R0 e
el oldte AL anAslE HA-E =
Ao zd wWAz-dS A8 Aolztn AlAtety
D ((Lee et al.. 1993a).

g, A Pl AP E AN 2

E3dAE A, Al#Ee AL oA de
Kretser(1969)= 6712 ®H 3 3¢ 1.
Holstein(1976) 9 Holstein®

Schirren(1979)2 8712 Exsigt. = &
&9 ol @-(&E} &, 1984) 8 =R (4,
1986) 13ln AAF(& 5. 1987)& 971, #
o ¥ (Andersen., 1978)¢ 7l = 9 % o]
(Afzelius et al.. 1982) Z2lm @34 Bt
(Lee et al., 1992)& 10712 Rusgc. o
gtx, 9AE FES B 390]e] Hxwe 1)
L AL AZdFol, FFA Btz AL
o AZ FASAT Fle) f¥A Exe g
& zpelzt gtk Zel3 o3 Hapde) HA e
TES Fo wat da dele zolrt o,
Atere] 7 $-oll= de Kretser(1969) & 6712 ®
1833 Holstein(1976) 2 Holstein®
Schirren(1979)& 8712 Husdgded ol o
= Ae FHAQJA #HN FRIPT D Al
=3

2 A7 Az, FAA7AME Fe HAx
X350l A48 M2 Yelgou ZAZA g H
Axzzt AR, A AAEE & A7 Je
Wk (Figs. 2, 3, 4). o] & HA S
(Andersen, 1978)9} HZY<ol(Afzelius et
al., 1982)9] Z 5 #v}. ey ueke] AHA}
Axzeo] E3loll B3 Burgos$t Fawcett(1955)
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o] d7dXde dHEA #¥H(proacrosomal
granule)ol WelUA FE(vacuole)dll FAHA
ta g ed. B dFdAe A4 Ak 2
27t FAA e AL BFEHA gko) HA A
Folle oln AATEEr} £ A HYo] Sof
A AT, o & gGF o & Burgoss
Fawcett(1955)9] Z-$olM ZAHAE ¢ A¥
3 Axetn AzbEo

A, FAGAY HAXE FHole SAA
% F27F vEgen, XA dx¥se 23
A o] PRI o] F3ld YeldtH(Figs. 2.
3). ol @42 AAYAY Ay DYt
B, 49 TRFM et dHg 3o
71 AT HAdd FEe A A A
Hadn Aol de RO Holy ol A
FAYA ojn] FHR HA AFEH] FAG
o2 o|FHT FANGLE o|Fd AFEHo| A
A lE FdHE R (Lee et al.. 1992)¢)
= A &

Aol Wsglel Azt B w) FAA ¢
FAF7A A BPo] Yeiton 3
M e HEFG HAES} Ho] FukR A4
of wet d4FL fsH $EHoA eyt
(Fig. 8a). °l8& 532 =4t e (Lee
et al.. 1992)9 ZA%9 Zon HA (%,
1986)v - (&E £, 1984), HA L
(Andersen, 1978)¢ HZY%Eol(Afzelius et
al., 1982) S3& zlel7} vebsit).

A EE FRIZZAR] A9 ddold (Fig.
6), FAF7| ol2y TAES FxEo| JE
WoHFig. 7). T3 o] A7l & o] 2123}
H1u e &L ¢S AP yEe
9] TR stgFeka] ZaeH (Fig, 8a. b).
ol &(wiek ., 1984)9 =X (A, 1986)<]
7A5-9 2ot

neje] AL g9 Ao FRAIIANN &
ALZE Bholl spolx] oo AejE TabE] gl w (e}
. 1984), =X (4, 1986)9 AS-ANE FAd
A mEdr]zh A v Wk #ERHRAE
ol (£, 1986), B AFdME FREI A
3 ol Zof VEFAYY AYFAHYPo] Bayg
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FEHE #FRAYAR(Fig. 5). AR AEA
A Ew, 7|RF4AYL "o ol X Y™
el Rade] slien] Y-S HAH
Hel viditEgo s JeiuA He od Hol
FRAZ AN oln] FAFHe] FAHAU B
AR,

£3), vEE FAA7 AN FHE39 (Fig.
7) AAAHoz A9 AL v o AAsA7)
F AEdANA etk (Fig. 9a, b). TAE
o AL o e uigloly Ao alsiel B
HH g A2 TR S Fasiy, 2 4
Folxe HE Aoz wusA ZFeidn gl
(Fig. 9b, Inset). o9} #Hste] & of Ax
Fo AAHE Fgto DHES AUy Felda
o #F AFA DA ES wALT] FE F
of wa FLAHE B33
(Rattner and Brinkley, 1972). vidAe
e 7t Azbe] FEvith o et Aoz @
2 g F Utk F HAo oM ulM#e] wE
Kelub oFke g o) 5872 E 3tn (4,
1986), £ A3 e nA#Ec] 3L 453
o2 EMAdA ULE FAIIYN(Fig 9b.
Inset).

T3 A2 vele] Yelo] dFE viXE e
dAe] gfle2e XRFBES v FEs PHe
ZF9 FH35Ee Axe Fd uwe we] =
7], BF 2 v F x| ol Holn, e F
olgt A gte FFoN whe} Fte] Aolrt S
€ H3 g (Fawcett et al.. 1971). &
g vlA#e] Fejrt Aol FepAsto) w2
H2EAMe AXFY AS dy) A FH7F wE
2o Hatm Qe wrdd AlgE | Estdo
Fol, A, BAFE, HHF T U X/{FE
o FA FRE AU XE8EE e B
o, B ES] nhF FxRo| Gdo] YAl F
Hisle) Fa% 9428 dFslalel AN,

ZFAWEH FoA A # (Holstein and
Schifer, 1978)2] 745l A2 Ee] 5cA
A ERGTRIE depted ngolddE 94
olgAAN A Yeptt e oAd gy
Zo) g HEAQ Y5 dEA YA g A

Ztethtn

Y
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Zol}.

olgd e FAte meld] nlEE=z ot
ydgoz ZAAM FHHE(middle piece) & ¢
deta, o|gF 7oA ol2y Hztw A A
WA (lumen)o 2 WA (Fig. 11). A4
2R v U Add FAel 27e 55 pm=E
A, F%(head)’t 5 pmelzn. WX (middle
piece)= 10 pm, 283 FH (principal
piece) = 40 umeo|dtH(Fig. 12b).

B AR AleE 29, 8¢, 10€9 HdA)
8 3 299 A¥EZIA MY B JAE #F
& = g, 8¥9 HAPFMEe Bt AL F
o] AAE #AAU, 1099 AFFHe F
A5 A9 B 4 glch uetM B dpdMe
AR AT o] s} &3 24e] HET S E
2 et 53] ol Ade A-d o
HA7)e) #Ro) gl & ez AzhEc),

- =
olgEd
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Spermiogenesis in the Korean Cat (Felis domestica)
Sung-Won Son, Jung-Hun Lee, Yong-Man Choi*, Young-Mo Jeoung (Department of Biology,
College of Natural Sciences, Kyungnam University. Masan, Kyungnam 630-701 and Dongjin
middle school, Jaeun-dong, Jinhae, Kyungnam 645-300, Korea*)

In order to study process of spermiogenesis of the Korean cat (Felis domestica), the testis and
epididymis obtained from sexually matured male reproductive organs, were examined by light and
electron microscope, and the results obtained are as follows.

1. Spermiogenesis of the Korean cat was divided according to differentiation of the cell
structure into Golgi, cap, acrosome, maturation and spermiation, and these phases; Golgi,
acrosome and spermiation phases were further dividied into steps of early and late phase
respectively, and cap phase into three steps of early, mid and late phases, and maturation phase
has only one step. Hence, the spermiogenesis of the Korean cat have been further subdivided
into a total of ten phases.

2. The tail of sperm began to develop in the mid-cap phase.

3. The chromatin granules began to be condensed in early-acrosome phase and the
condensation proceeded to global form in the center of nucleus at the phase of late-acrosome and
disappearance of chromatin granules occurred in the maturation phase.



