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ABSTRACT

Spermiogenagis in the Korean squirrel, Temics sibiricus, wag investigated by transmission electron
microscopy. Spermiogenesis was divided into Golgl, cap, actozome, matiration and spermiation phases bazed
on the characteristics of acrosomal changes and maclear shape, Beside, the Golgl, cap and acrosomal steps wers
subdivided into three phases of early, middle and late phase respectively, the maturation step was divided into
two phases of early and late phase, and spermiation step hag only one phase. Thug the spermiognesiz of T
sibiricus was divided into a total of twelve phases. In Golgiphase (steps 1 3}, a well developed Golgi complex
wag located close to the vesicles, the acrosomal vesicle find to a recess of nuclear membrane at step 3, During
cap phase (steps 4 6} the acrozomal vesicle spred over the miclear swface to cover a third of the nucleus, and
the acrosomal gramile was not vet flattened. At acrogomal phage (stepa 7 %) the miclens and acrosome were
elongated but nucleoplasm was not condensed. During maturation phase (steps 10 11}, the micleoplasm was
more condensed, and the mitochondria completely arranged the center of axoneme, The spatulate sperm head

was completely formed at spermiation phase (step 12).
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FAET A x Fele 7 A EAA AZE
Azbz B3 Yoo} (Franca et al, 1999).

Az 8 B3A]2 Leblond & Clermont (1952)
7l #FEH ez ZF GAE Golgl, cap, acrosome I
maturation phase & 2 FR3}9 37 o5 A=A 22 €
A= 4% EL WEe FHE e B
o, BTUZHY Z A ES A= A7FHE
Feo] vl vhepdet o] A7) Fabel| AAMEE
2 W3 AEasr|H#es g 724 H1il: F4A
= 2 (Rambourg & Clermont, 1978), ¢|&|3t oozt 4
P 2 g2 Eolie Jehi o} (Segatelli et al,
2000).

B (Seiuridac)e] A% BRAT Q72 47
A" uhE AimEe A Kirkpatrick, 1955),
it FA 48] AEH HE (Pudney, 1976), 457
(Dubock, 1979), A=E A A= EE (Tait & Tohnson,
1982), Sertoli cell®] e} (Vogl et al, 1983), 41 H
Aesl # 22 o43F (Bushberg & Holmes 1985), Sertoli
cellz Germ cell®] 7| F& (Vogl et al, 1983), T ¢
A2 ARk A AE A A 1)&] 2 o 5 (Bames et al,
1986), WA 7] Fot Sertoli celld} Leydig celld] 32
W& (Pudney, 1988), A= 4 (Patil & Saidapur, 1991)
9 A A3 7] (Foreman, 1997) Fo] Bos o3 §lo.

=2 (Temias sibiricus)d] "5 A3 X249
7 W 2ZFFHAT (Ryuetal, 1989)F A&
v AN BAT 9FE 2D 9 wh 0w
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Mz W gy
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544 AR oF=2s 27| E ethyl therz w5471
2 ZF FRA 2 A4 23L "HEFed 3% Glutaralde-
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2 Foddt g2 (pH 7.4, Millong™s buffer)2 2 3
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A 207 s e B 249 B2 FU9
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100%) 2.2 Bhetdm, Barl Bt 222 Epon 812
9z sdsdc 24 B¢ 2A9e
Ultramicrotoms [MT-6000, Sorvall, Dupont)}2 AR5}
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=z s

4 =

AApde AAe A Fepseh 4ae W, 24
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o 27 R 2AAE A% A 5 37, 4%
A ), e 172 AR AApEdEE

—

s A A 127] (phases) 2. F23519d (Figs. 1-14).
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).

2 BXB7

A2 A5 FE 280 Az $T9
A A% (acrosomal vesicle)E FAT T gl ot =
G5 gl o AR MAE 2AAE R
A Z arFEe] B2A 23w 314 (Fig 2).

3 =2
Zx oz el AR Pl 2 AdlaxEs
HAs EM A 420t st gabstdoh 4
AxE FHE JA3] SAAE ¥pele] =w 2
2 AdEe] FEAEYoh o, F A ek
o s JERfer, e el 13T A=

?I

rlo o



Fung TD et al, » Spermiogenesis of Teonins sibiricus 181

B arlHSe AxA 4 m=A BAEGA 319
< (Fig, 3).

2. £237[ {cap phase)

A0

1) F237|

A 4wy s oS 35k #] 29 He
A HAe, FAcE e JFAGHL $5E7] A
Fetedch FAA = Az Aol A2 g)
aiet (Fig. 4).

2) FRE7|

HAl 4w FAgHL AsFgez 25w gl
glew, o AF FAA e JALEL Fvte] AFHA
sisder AA 4z Fhrtels| rlEE=elobE ¥R Al
I &7)HEe] B gledd (Fig 9).
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=Y 59 FAREL Y=ot Rt 72
s Heldom, AAase 9 15A=E 2 8l
oot A =diis] vlEd=eiels ¥[RT A= 4]
FHEL Y Y Foz o|FEe] YEhc (Fig. 6)

3. ®A 7| (Acrosome phase)
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T4 d2 eHe g Ao, AA4gES
Hdladx A9 FoF FLEH] A E FA5g
of A=y sz 4 12328 4T 514
on, Az &7 |HEL HY Iupoz o FHe] H#
A (Fig. 7).
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Gmoe 529 AR 99 25 ol AT A4
o ®e] Faly Zog uks UlH| 2% (microtbules)
2 T EE FHAE] (Fig 8, small arrows), &
(Fig. 8, largs arrows)ell 3k TR E2] Aoz 13
of Bhse] wo] A= Fo w3t sy ake] A
of A3 FEFH7 AlFE A= 73S
Hef iz oz AT 5140t (Fig. 8).

S HAZ7

A PAE w g AFHAF o0, FY4 AL
He 22943 RS AR Arbeld ol FHA
3 @ B Aolel apical bodysh hehget (Fig. 9)

4. M=7[ (maturation phase}

1 A=5H7

A FA e oSy AAEHT S FHow, A
54 e 248 ssehEe &4 Sl
ol F= o vEPet (Fig. 10),

2 A=F7]

At AAe ose AAdE AU A= Wy v
Ef=elolE SAME v e FH o 2HYE WA
Sm goh 28 Az A4 BAH FaFeld
o} (Figs. 11, 120,

5. 0|=7[ (spermiation phase)

H2E2] M= (Sertoli cell)s] A=z wbw gl
HedA s A Ee Az g Az Axdzy
B sbd e v glglen, Uy e gl AHAMEES
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oot (Fig. 13).
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1952) 199k, wild squirrel (Patil & Saidapur, 1991)
= 1897, Chinese hamster (Oud & Rooij, 1977)% 16
4], Mongolian gerbil{Segatelli et al., 2000)% 15,
greater Japanese shrew mole (Mizukam et al, 2001)
1557, Tammar wallaby (Lin et al, 19972 147,
musk shrew (Kurohmaru et al,, 1994), Mole (Sanchez et
al, 19952 136k, =23 (Son & Lee, 1995), of 5+
F (Son & Lee, 1996), A e #£25 (Lee, 19900
Z+zE 1094, European common shrew (Ploen et al,,
1079)% evhd| = vhrsieh
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FIGURE LEGENDS

Figs, 1-14, Elestron micrographs showing the Golgi, cap, asrosome, rmatiration and spermiation steps during spermiogenesis

Fig.

Fig.

Fig.
Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

1

pA

10

11.

12,

13.

14,

in the squirrel, Tamias sibiricus.

. Electron micrograph of the early Golgi phasze. The Golgi complex (@) was appeared in upper on nucleus. b,

mitochondria; N, miclans. Scale bar=1m.

Electron micrograph of the middle Golgi phase. Two acrosomal vesicles (Av) were not vet fized in nuelear membrane,
The cromatoid body (Ch) appeared in spermatid cytoplasm. G, Golgl complex; b, mitochondria, N, miclens. Scale bar
=1pm

. Electron micrograph of the late Golgi phase. A large acrozomal vesicle (Av) fized to a recess of muclens. Ag, acrosornal

granule; Ch, chromatoid body; G, Golgi complex; N, miclens. Scale bar=1pm.

. Elactron rrierograph showing the sarly cap phase. The asrosornal vesicle (Av) spread outward fromthe anterior pols of

the micleng. Ag, acrosormnal granule; G, Golgi cormplex;, M, nuclens. Seale bar=1pm.

. Electron rmicrograph showing the middle cap phase. The acrosomal vesicle (Av) spread the some more anterior pole of

the nucleus but acrogormal granule (Ag) was not yet flattensd. Ch, chromatoid body; G, Golgi complax; I,
mitochondria; N, micleus; Scals bar=1pm.

. Electron micrograph showing the late cap phase. The acrosomal vesicle (AV) spread over the anterior a third of the

rsleng (N, Av, acrosormal vegicles; C, capitulurn M, mitoshondria; sER, srnooth endoplagrnic retisulurm, Scals bar=1
[Tl

. Electron micrograph showing the early acrosomal phasze. The acrozome (A) began to condensed, and the acrozomal

vasicla (AV) spread over the anterior a half of the micleus. The mitochondria (M) and smooth endoplasmic retisulum
(sER) migrated to the postrior region of nucleus. Av: acrozomal vesicle; Ch, chromatoid body; N, nuclens; Scalebar=1
prm..

. Elactron rricrograph showing the middle asrogornal phase. Both the asrosorme (A) and the nuclens (V) elongated. Note

the appearance of manchette (small arrows) and miclear ring (large arrows), Scale bar=1pm.

. Electron micrograph showing the late acrosomal phase. The acrosome (A) condenzed but micleoplasm was not vet

condansed, Ab, apical body; Me: manchette; N, nucleus; MNr, miclens ring; Se, Sertoli eell, Scalebar=1pm,

. Electron micrograph showing the early maturation phase. The muclens (N) and acrosome (A) condensed more than the
acrogornal phases. Ab, apical body; Es, equatorial segrnent; Se, Sertoli cell; *, electron dense material. Scale bar=1
L.

Electron micrograph showing the late maturation phase. The nucleoplasm is further condensed more than the early
raturation phase. The rmitochondria (M) are arranged the center of axonemes (Ax) regularly. N, nucleus; Se, Sertoli
cell, Seale bar=4 wm

High magnification of the sperm head and tail in Fig. 11. The segmented colnmns (srnall arrows) were surrounded by
redundant membranous soroll (arrowhead), and adjacent outer merbrane of the first mitochondria of the middle piece.
A, agrozorne; Ab, apical body; B mitoshondria; N, miclens; Se, Sentoli call; arrows head: micleus envelope, Scale bar
=2Um

Electron rmicrograph showing spermatid just before spermiation from Sertoli cell eytoplasm. M nuclens, Se: Sertoli
call, Scale bar=1um

Drawing of the 12 steps of spermiogenesis in the squirrel, Tamics sibiricus, Steps 1 3,4 6,7 9, 10 11 and 12 of
spermatids corresponded to the Golgl cap, acrozome, maturation and sperrmiation phases respectively. The Golgl, cap
and acrosomal steps ware subdivided into thres phases of early, middle and late phasze respectively. The matration
gtep divided into two phases of early and late phage, and gpermiation step has only one phasze, Thug the spermiognesis
of T sibiricus wag divided into a total of twelve phases. A acrosormne, Ab: apical body, Ag: acrosomal gramile, Av:
acrozormns vesicles, Cb: shromatold body, G Gelgl, Nt macleus, M mitochondria, BMe: manchette,
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