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ABSTRACT

Cell differentiation and ultrastructural characteristics in the seminiferons epithelivm of yotis meaero-
derctylus wag investigated with the light and electron microscopes. Spermatogenesis has begun at April and
finizhed at September. The nuclel of A spermatogonia (darle and pale type of spermatogonia) were oval,
applied to the basal lamina, and sarrounded by Sertoli cells. By comparizon with other types of sp ermatogonia,
the cell and micleus of B type of spermatogonium is globular and larger than A types of spermatogonia. The
micleolus appears az a coarse and touches the nuclear membrane. The cell and miclens of spermatocytes was
globular and larger, but primary spematocyte iz larger than secondary spermatocyte. Spermiogenesia was
divided according to the level of fine structural difference, into Golgi, cap, acrosomal, maturation and
spermiation phases; Golgl, cap, acrosomal and spermiation phases were further subdivided into steps of early
and late phase respectively, and mataration phase has only one step. Hence, the spermiogenesiz has been
divided into a total of nine phases. In the change of karyoplasm, the chromatin gramiles are condensed at late
Golgi phase and completed at spermiation phaze. The sperm tail began to develop in early Golgi phase and
completed in spermiation phase. The process of degeneration of spermatogenic cells in the seminiferons
tubules was contimially obzerved from October, before the beginning of hibernation, to hibernation phase
[November, Decermber, Jamary, February, March), Immmatured spermatogenic cells in the seminiferous fubules
have been engulfed by phagocytosis of Sertoli cells during period of degeneration. It iz dednced that the
adaptative strategy serves as the mechanism to regulate the effective use of energy to prepare for long

hibernation and regulation of breeding cycle.
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WhA & AR 1M F2E Fawcett & Ito (1965)7F
AR A S o] 45t Aoz AAlsta, I 9]
Z AaEA T AzPEE (Uchida & Mri, 1972; Oh et
al, 1985a; Kim & Oh, 1991; Les st al,, 1992; Lec &
Son, 1993; Son st al, 199353, b; Son et al, 1997a), A =
A7) 2] I (Son et al, 1997b; Choi et al, 1998), A
22w FE(Kim et al, 1999), 34 d7h)E:8 4
A% F-5(Uchida & Mri, 1974; Oh et al, 1985b), 24
A2 53 (Gustafson, 1979; Lee etal,, 1993)7F =H4 A
H=HW A A A (Wimsatt st al, 1966;
Racey & Potts, 1970; Mri & Uchida, 1980, 1982; Mri &
Uchida, 1989, Kim & Ch, 1991; Les & Son, 2000) 5|
BuEqd.

I, v T E WA F7 #Hs B oA,
4wt uhe YAz Rt FoH H7
AT FabH (Lee et al, 1993)8 Aot 744
o2 A= vt ek wmEpd 2 dredse €
o wE Sdegdurs] (Myoris macrodactylus) 7

ARt A 2t ol AL
od F2H FAE F5e o8 S A4
o FelRlE ket mAl Tt

G A A

ME H HiH

23598 (Mporis macrodacylus) 278 A4
Az 2aptAs v F2E Uotrr] Hsbe] 2002
do1daE 2002 124970R] Ad dd HF3ES
AA olE HHE AstA I, A H =2 R wel A A
AF AFF T 3%-glutaraldehyde (4°C, Milloning’s
buffer, pH 7.4) £48¢] 323t A= F7 T £ 115
mm’ Z7|2 AR F oA 242 AR oA
AvA £ AL FHAHEL d59(4°C, Milloning’s
buffer, pH 7.4)22 208 oF& 1.33%-0:04 (4°C,
Milloning's buffer, pH 7.4) £ of|4 2A17F ot 30
A g o U g4Fdez sy 47
Lt ZAHEL acetons ¥ E AE 07 wgly

o= = Bpon 812 TFdew zajsle] 24 o
ultramicrotome (MT-6000, Sorvall)= <435}« 1
m FAZ B E 0.5%-toluidine blueZ 348351
stanAez waARed 22289 74 eAs
Azt F elefA] 60~90nme] dL&HEHLS e
uranyl acetate 905 lead citrate 498 &2 o2 o4
§ 2 =sAxan]A (TEM, H-600, Hitachi) o2 o
st

= rlllo\kj

1ol

=
M PasiMzel B

34y AgFdAr 5y AdY AN = (dark
type of spermatogonium)$} Ap¥ M E (pale type
of spermatogonium) 9te] FHFE 4T (Fig 1a), €4
A9e A% AWIE B e Aoz B
M £ (B type of spermatogonium)7} et (Fig.
1b). 3¢+ S€2f AATFTE 2HA slgdon, AAH
Well 2 o] AWk (lipofusein) o] AbRe) 1415
WL 2o 314l (Fig 1a, b) 742 AlASE e
= A Ze2dy A A1 AR E (primary
spermatocyte} &) 71T Q13 Fe] glyew, AL
Aesge 2oleAd 44 AAdzEe i
A% 505 Fig 1) 99 APZAAE 4%
%7 29 ARATE] ohe BT How
(Fig. 1d), 745 o942 A= f7h2 49994 sldd
(Fig. le, d). 104 4] A8 Z 4 AYALE (Ad, Ap,
Bt EHasta 22 A Evte] AT, A7)
< 3, 5¢5 slErlAl R 2EA glddeH, aHE A
v o] A AR A slsde (Fig le). 1€
o AP Shes AdY A =4 =HEe
o A =Tl FAFHY D, FR2 Ao Al
A AR slddem, W7k A 2HA sld
(Fig. 1f).
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Intermediate, B types of spermatogonium)
AR (Ad Ap)S A A=xe 713 A #HART
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slam], Sertoli celle]] 2]8] B2l ¢lod, o] &
Axpe Az A HGaFolch A% AAEE
VNS4 $ALE THE U 42 A,
st 32 % 09 HaiEe Aye Ak U3
Hef slet(Fig. 2a). Ap™ Zé'd/‘ﬂif AT fgaz
< e e AFs glon, Ade dxzHo R
240 S+ SR SRl A2t (Fig 26)
Zt A4 M| = (intermediate spermatogoninum)® EFH

Al

Ao

o

35 ALSA A 20 B e A4S

o] Ex]elz gl9doF (Fig. 2¢, Inset). B A
/‘4] ‘—:— T AZ2A ARG HErl G5, ApH
#oepErlA 2 A=A e] gx, gAaAe] - HHAb

oA HAF el AFFH A i3 (Fig. 2d).

2) ™BRME (spermatocytes)

A1 g229 2712 A7) (optotene) SA A
2392 75 olvd, 907 (chromatin) o] 255}e] 34
Az A AplEA,AEa rREe Az A4

Al ZA F¥stet. (Fig. 3a), FA7] (zygotene)s] M|
o) FolE, AL wg sETem 4
AR He <37 A Fg. ). 4]
(F2 32171, pachytene)dll e S8 e o5 &2 &
ol A 271 GA2EE ﬁgﬂﬁ'}ﬁit}(ﬁg 3o, arrow-
heads). 2417 (diplotene)ef| 2 #F 444 71 225«
AT (Fig 3d), T o]« %7 (dlaklnesm]éﬂ“ d A o]
G92AE] 4¥ B2 Fepem, SARAEL
A Fhelz FR] A, ol UL 2497
HFig 3o, A 1 4429 A7 T 424 AR
#2) Fepoz o|3H7| AdeHa T (Fg 39), 5714
£ a2 AS RN BT Aole] sl Az &
48] vl gdslydt (Fig. 3g). 2 oo 37|18 HH 27
A GAAE] FF2z ol due] Y
7] AlzFstad of (Fig. 3h).

3) HARH E (spermatids)

2 dFdAe 2A7] F27]L AA 7] ° ol"wrE
Az A - 02, A E 19A 2 sty Axpe e
Z%Jr 94 oohd = FRebyd ot (Figs. 4-9).

1) ZX)7] (Golgi phase)
—%2] A7) (early-Golgi phase)
27| AAAES 2 A 7Y =22 5H oA

(Figs. lc, 42, b), H]A2 T¢ Ao 3] 5

235 i g4, FAE AR gHa
EF, v Ef=e]ot 52 A7|FEe] Az =
2A ABANH sl 2AA oS FHE 2AL

F 2AAY A AA2E (arowheads) 7 #
Aol EAFT slort okl Autsk 2R o
Skt (Fig. 4a). 59 & Fub75+) A=le] H =2 (flagel-
lum)7p A 274 ghe 2 vt §l9]oh(Fig. 9a).

FA|E7] (late-Golgl phase)

FAA 2HE DA & FALGE] §YH
EI FFA AT EH AT Z Zﬁﬂ]/‘“_ﬁ_[arrowhead)
E At A 982 9 (chromatin granuls)
Eo| o 5571 AlEEi 313 Az
Z7| A& 2T nEEselEe] Hilix FHYE
o dgHe HAST 514 Fig. 4b).

{2) £27] (cap phase)

)
FRA 7] (early—cap phase)
A AL 4T A= (arowhead) =
AAFI7] AlEbst 3, 3 A B2 (acrozomal substance)
< oFH AALE iR 2ue BAEA G
{Fig. 53,)

F2F 7] (late—cap phase)

of A7l e mwld 324 g
2t A X (acrosomal vacuole)7| #2] Tulu =z sha)
WA HA T, | EE=fobEo] wET e Inky
Z o] F = o] =it (Fig 5b).

{3) A& 7] (acrozomal phase)

2 3

AAAZ] (early—acrosomal phase)

HArz e HABSLEL S0 HAHE of
+9 A g 4% FAsE I oW JAPA g A
A fRAvte] WA glgdo Hutem
M2 1A 43 (microtubule)E¢] e A& X3k}
o} Wb E (Fig. 6a, arrows) & FAHTH FAl A=
7bosje Febyz A AFdozA H2 A7
Helz et ol Wl Fo|ote] HdHoz ESd=
Aol AL Haysl ¥ gulkez 2EHE
of. Z2ln el Erdsta ARt ¥ o
A A Ee] ¥y o2 $5FHAAH S5t Fig 6a).

FAATEZ] (late—acrozomal phase)

Az~ 2588 A3 A (acrosome)2}t H2 v



28 Korean 1. Electron Microscopy Vol 33, No. I, 2003

ol ZA weidst Al A S35 AT
W) Py o Feiel 4 A 12924 A2
o A5 gloden, HET e FUEHE o|F
o] vefstet (Fig. 6b).

{4) 4d2=7] (maturation phase)

o] Al71e] A} 2 ARz =T w9
4L w5e $5Fo 2t 4 (arows)] o F

< A A<t v me] B W o W 7R R
2 o] FHol vpEpgen, of A7lee Az A

(F=))2 FAFRA FaF o (Fig 7)

(5) 0|=k7] (spermiation phase)
o] A 7] (early—spermiation phase)
o] A71H AL AAR=ES} i w3 FET
Aefolm, g2 FlAw Jlrbeld AR eyt
o tlEFzeiole H4lE Rz B
45 gAT Artmels] HehE ZFA st
{arrowheads). =, ﬂ%ﬂ] M = (Sertoli cel)Z X <A
%) o|"HA] ko AX (neck region) ¥ S X (mid-
dle plece)s] =443 /ﬂ]ié' 4 (cytoplasmic droplet)

g T A= A A= A=A FEH
5141 (Fig. 8a, arrowheads),

o] @5 7] (late—spermiation phase)

of AlZleA BEH ol HH JAE o=
Wl ey <o dg Zeolst mlET =ity S4}
g Aoz ez A dAT 2HUNE F
Aeta ¢l (Fig 8. large asterizks). o] 4]Z]4| = ¢
237 e 28 A EES AT A EY
Az A=zad A slAv Ao 28 A=
Bel Axd 284 H7 A Ax f7hez &S

|7t (Fig. 9)

2 #

THER A B e
WA FEHE w2 g T
3 4495 424 G9ges =1 44

Ge3udl slod, 79 SARA w24
AL9) WeE Wi WEsl dilent ExL
F FEL o2 (A)FE (hetrothemy) o) 2 24w,

Az FEAL ¥4 Gt oE 7
24 (regional hstrothemy) o]} 3]-1:]- T& A
T TR A3l B 10°C ool
A2 (hypothemia)el| 4= 7|7 ﬁéi\]?:] ¢l Eofb

(torper)sl] olAl B, o|2f3t @Wabo] Fof whebsde
U715 @AE Bl A5 (daily torper)of &% X
e A 59 %"4” @A Fe A FHE ]
A 2 ARl ZEHU dvlA] olded HE
g AzA ?ﬂ;“"i’] dAe Bole AS(seaso
nal torper)7b sich o|#Ed F4 7] =W ahy
e Ai2zds A= —3}51”4' = BE2
2)21e,

%gq 1A S 3}@,% 712] 44 pattern

9 A%, BAYGE A7) 49RE AgHd 3

o AAA7] A 10471 %}EEF“#, FHs (1147
B3 347A]) pddle WS AR AE
] Ueldehe AT UBA 4R
Agate Ge A% 2408 1 A
(Lee etal, 1993). etz 8] A4, Al2" A 21
F9 Fabel S gy AFHe] slo o5
I W 2] AR, T 2A A4S
il AAtLE FAHE HE 43 AsEe
24 3544F A% 94 A% A= Ao
{Lee & Son, 2000).

2 4T sl oahd, TELREEA
macrodactylus)2] 4le] w2 AFEA HA]L 49
FE 9U7AZ viERe s (Fig la—e), AR A X
o EHs el 10958 Yelrhr] Agkstel FR7)
o 114,124, <54 14, 2¥71A] 2 vpehsfed), &
uka (Lee stal., 1993) B ofe A=A QA7) A=)
FAAEY =R A7F 1Y AR A d
e e 2 Al 2ad ol e oE
2o A4 BAH Aol (ANA L= 2 479
Sk el F)el b 4GE wellE tht ¥
B 2EN Agedd o B oJidE 2 Hez
A7 3 BHAS A9 BEIF $97] el
2AE T ATHE WRe] DLErIA
A7) A= AddA Agsr] g7 2 F
< 7] #e A 242 28-S e o e
$eg A 2oz oA

tr rlr

o
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A A xS v F2H FAL gleA, AF
(Ad, Ap) AdAEEe dutHd =HF B A3
(Rowley et al,, 19714 o ol3brl=]= eRdds] A
F24 Z1RT Yo $A 5, Sertoli celld]] 2] &
kel sl AdS AYMEE ApH AYMAE
B dm qxae] AFWEsL $o (Fig 20, b)
wel, B Az 73 Azzs A A
A= Bot =7t e, Ap¥ 3t shabrtA| 2 Ml 22 9
v, A2} Ao AT 35 (Fig. 2d).

ARAE v TFEH 5A2 2 A7 A 13F
F2d #7114 AA7] (leptotene), 24| (zygotene),
A7) (2 347, pachytens), B4}7] (diplotenc) 3
o] %7 (diakinesin)®df 27), T7|9e =4 = sy
ARAEZe AL E Bt =9 T3 oln, v 5e] A
1ARA =7} A 2 A 2= B =2,

53] A 17p2dA 8 298 o gl
A, AR Ase A1 A5 A7 Gl
WaA| 7t Qe (Solan & Tres, 1970), ¥ =T+
Ax A1 7EeRd 7718 AARRE de] 285
W, B, Bl 2E 2T 3
oo (Fig. 3a-d) |57« & | A=E oj2 A1
24 #A7] o|F2] 4 o]7] DNA 24 % A5
A Aele ¥23 mAE A B2AR -
RNAZE DNA® F922 2407 5% 242 3
A& ¥E] Hi HoE oAl

A1 zbpd A2 o F7] HlEL] A=At e
EostA = #4982 4 (chromatoid body) 7t 3= <]
o7} (Fig 3¢), 7 & A F45 T2 (Fig 5b)
st FA7] (Fig. 6a)d = FH2H 78S F49424
v oAb g FHAHA L Argadd MEoZ ot
St zuHA 249y AzAFEELA S5
% GBA sl goh f9aAAe Sdd B
AP A 2424 Fawcett etal, (1970)2 F-43 0 2 3
A ARALEY v EEeelohdd Tk 4
A5t T, Comings & Okada (1972) H94=2# 7}
d2zRE JldEe AHAowy AAlsz gled, o
483 FAZAE A9 A5 AR 5 A
719 EAR]S AlEAea] wEsEA vtehe, SiEF
% Age 2 AXHD ke BAA o 94
A7 dabre B A2 A5 AR el it

X ostych 2 A7 Fshed] fstw AEs=dy
oA 2 a9 ohe ARpA AL TR A7
oA S AAAE Az Exste Aoz e
o Rop Az HE T B ol AAAH, o4
A3t 253 d37 dg9Rds wa 2 AR
g 9 Aol oAz

AR A Aeud, B9 (Leo o
al, 199212} Z1'Z7h9ks (Son etal, 19952)= 107], &
H49dla] (Son et al, 19972)= 117], J2jn ZEe
Z=edula (Gon et al, 1995b) B < Fefalef o] 9
P2A A g, ol Aol AT T
Q) e Falshe Aes et ZeHezy 3
AA L S Zelgel 7w (Pastisson &
Lacorre, 1996; Ahlrichs, 1998; Franzen, 1998; Spott—
Ehlers & Ehlers, 1998), 29t ohizl <2 FHES 4
oA AlS 267 o3 WHEHE HT A5
A 7Rl g el Azt

Ao W glodMe, B9 (Son ot al,
1997a)8 FEAZHA Azttt As7ld AT
;2 A v B A7 F9 (Leectal,
1992)8] Afs whirtAlz 2A 714 E $55
o|”7e A H& HAHGE.

53] Aatmels A3 474 s, 29
A A5y FEAZ A A Altetd s
714 $EEed 2w (Lee et al, 1992), B4 uls
(Son etal,, 1997aje} & AF M ZA|H7|HH
Aozl Alarsted el=7ls A G FH et AT A
= 393 F4E Byed, 5L (Son & Lee,
1996)4f A cte] B2 (Lee, 1996)ll = ZA A
71HE melsl HAEZ] AlEete] o|"r]e kAt
ArAbe] g FASE o[ T AR mFe] Heof
A FH A7le 271 AAAE 2Ad 2A
wAlel A st o=l G EAR S AlAE]
&

B3, 2 AFAAE AARAAEY HsAo
sl o} wpasa s Yelvteh TEt wuA e A
$v FRAAI 11956 39747 A=5e A=
8 Hzhgs dger FHAFH oz Jolut dhie, 2
A2 Agede FHAAZ] A 10YFE < FH
29717 v 2E AR AxEe] A=Ee] A=z
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FIGURE LEGENDS

Fig, 1 {a-f). Light micrographs showing the cell differentiation of the seminiferous epithelium in Myotis macroductylus by
monthly. Sperm atocytogenesis ocomrred from March to June, and spermiogenesis was from July to September. Especially,
the degeneration of spermatogenic cells have begun at October and finished at March, Ad and 4p, dark and pale type of
spermatogonia, B, B type of spermatogonium; BL bazal lamina, L, lamen; Lf, lipofugcin, Ps, primary spermatocyte; Se,
Sertoli cell; 3t, spermatid;, o, degenerating spermatogenic cells, (a, March sample; b, May sample; ¢, July sample; d,
Septamber zample; e, October gample; £, Jammary sample). All scale bars= 20 pm.

Fig. 2 {a-d), Electron micrographs showing the types of Ad(Fig. Za), Ap (Fig. 2b), intermediate (Fig, 2¢) and B (Fig, 2d)
spermatogonia. Note the A types of spermatogonia were applied to the basal lamina, and surrounded by Sertoli cells, The
nucleolis appears as a coarse and touches the miclear membrane (Fig. 2a, 2b). The eleciron dense granule was located in
near the nuclear membrane (Fig, 2¢, Inget). By comparison with other types of spermatogonia, the cell and rmcleus of B type
of sperm atogonivm ig larger than A types of spermatogonia. BL basal lamina, M, mitochondria, N, nucleus; Mo, micleolus;
Be, Sertoli cell; sER, amooth endoplasmic reticulum . A, electron dense sranule, A1 scale bars =2 pm, Inset =03 pm.

Fig, 3 {a-h). Electron micrographs showing the leptotene (Fig. 3a), zygotene (Fig, 3b), pachytene (Fig. 3c¢), diplotens (Fig, 3d),
diakinesis (Fig. 3e) stages in prophase (Fig, 3f), metaphase (Fig. 3g) and anaphase (Fig. 3h) of meiozis [. The nuclei of
primary spermatocytes was oval. The changes of lcaryoplasm was continually condensed form leptotene to dialinesis, and
the mitochondria show widenad spaces in the cytoplasm. Mote the nucleoli of prophase during meiosis has disappeared fiom
diakinesis stage (Fig. 3¢). C, centriole; Cb, chromatoid body, Chr, chromosome; M, mitochondria, Mt, microtibule; N,
maclens;, Mo, nacleolus WNm, nuclear membrane; Mo, micleolis; sER, smooth endoplasmic reticulum. -, chromatid. All
acale barg =2 pm.

Fig. 4 (a-b). Electron micrographs showing the early (Fig. 4a) and late (Fig, 4b) Golgi phase. A wacuolization of the mitochondria
(Fizg. 4a, b) iz aeen in the cytoplasm of early round spematids than primary spermatocyte development, The spermatid
comntaing conspicuous Golgl apparatug and proacrogomal vesicles (Fig, 4a, airowheads). Smooth endoplasmic reticulum
{arrows) iz abundant, but rough endoplasmic reticulun is rare. MNote the large acrosomal wesicles (arrowheads) were not
fuzed. G, Golgi apparatug; M, mitochondria; N, naclens. 411 scale barz=2 pm .

Fig, 5 (a—b). Electron micrographs showing the early (Fig, 3a) and late cap (Fig, 3b) phases. Mote the acrosomal vesicles fuzsed with
muclear envelope (Fig, 5a), and dispersed toward the centriolar pole of the micleus (Fig. 5b). Ag, acrosomal gramule; G,
Golgl apparatus; M, mitochondria; I, miclens; Se, Sertoli cell; sER, amooth endoplasmic reticulium. 4, acrozomal vesicle,
All seale bars =2 pm,

Fig. 6 (a-b) Electron micrographs showing the early (Fig. 6a) and late (Fig. 6a) acrosomal phases. Note the appearance of
manchette (small arrows) i early acrosomal phaze and nuclear ring (large arrows), elongating nuclens and condensation of
cylindrical chromatin granules of nacleus in late acrozomal phase. A, acrosome; M, mitochondria; M, nucleus; Se, Sertoli
cell. All scale bara=2pm.

Fig. 7. Electron micrograph showing the spermatid of maturation phase. Muclear ring iz moved to the bagsal plate of rmclens, Note
the condensation of chromatin gramiles and the more decreaze of the volame of spermatid nucleus and cytoplasm than
acrosom al phases. &, acrosome;, M, mitochondria; N, rmicleus; Se, Sartoli cell. +—, nuclear ring. Scale bar =2 pm,

Fig. 8. Electron micrograph showing the spermiation phases. Mote the sperm head swrounded by cytoplasm of Sertoli cells
{arrowheads, early-spermiation phase) or the mathured sperm (large asterisks; late—spermiation phase) just before the
spermiation from the cytoplasm of Sertoli cell. L, lumen; N, rmaclens; Se, Sertoli cell. Scale bar =2 pm .

Fig. 9 {a-b). Electron micrographs showing the early round spermaid (Fig. 102) and mathwre sperm (Fig. 10b). Note the sperm tail
began to be develop inthe early round spermatid and completad af late spermiation phase. A, acrosome, A, acrosome; A
axoneme; C, centriole; I, lamen; M, mitochondria; N, nueclens; +—, intercellular bridge. All scale barg =2 pm.
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