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ABSTRACT

In order to study process of spermiogenesis of the Korean manchurian field mouse,

Apodemus spesiosus peninsulae, the testis obtained from sexually matured male reproduc-

tive organs, were examined with electron microscopy, and the following results were

obtained based on the characters of cell differentiation.

1. According to the features of cell structure, spermiogenesis of the Apodemus spesiosus

peninsulae was five phases: Golgi, cap, acrosome, maturation and spermiation phase.
They were further subdivided into two steps of early and late phases respectively.
Hence, the spermiogenesis consists of ten steps.

In the changes of the chromatin, the chromatin granules began to be condenced in
the cap phase and regularizated at maturation phases, and a perfect nucleus of sperm
was formed at the spermiation phases,

The formative period of sperm tail began to be develop in the early Golgi phase and

completed at the spermiation phases,

. The outer dence fibers of middle piece were arranged in a horseshoe fashion. Nos.

1, 5, 6 and 9 of the outer dense fibers were larger than the others. The structure of
axoneme in the middle piece was 942, and the axonemal complex consists of A and

B microtubules, dynein arms and radial links.

Key words : Spermiogenesis, Sperm tail, Outer dence fiber, Axoneme

*o] TR 19959E AR GEQF 240l s A4

Y.

— 221 —



222 Korvean J. Electron Microscopy Vol. 26, No. 2, 1996

M B

Leblond$} Clermont (1952a)7F 3] QA X9 3}
S FA, TR, HA 9 4509 )2 FEG o
F EHER AARA 29 FA40) ANH A
(Leblond and Clermont, 1952b; Burgos and

Fawcett, 1955; Clermont and Leblond, 1955,
1950). AR % A4S 4R B$HY $E FUY

AR Wat opel 747 AA Tl E E3iktA o
Aol g vehdis], EHE5E geiiE B2 FolE o
ik, A E £ 4 294 FEA HHF
dA IHE FY YddeM e A2 AF R A}
ve] BaaAst FUdT FADAS Holny, Yo o}
gt Zzte) B3opde) Azl FEFe] vehdsd o=
WejA71E HAE] 2Age A WA S T 484
grol2l T Ajalalglt) (Lee ef al., 1992).

A AL ZAFLEAM 74 Fo AP PA
FA9 AolAE A7} slew, Ay AFF F
S8 A2 e M Al FAH (Golgi
complex)$} HAAE (acrosomal vesicle)?] $1A o
o]%, AHAFAY (acrosomal granule) ¥ HA (acro-
some)®] Helst HAA], AR g W3 I
% (nuclear ring)8} A3} o)%, WAHE (mancette)
9 233} oo w2 o] W3} v|EZTe|ole] WY |
AAnY YAAH L & #7F sk 53] olEat Az
FAHLAE YA EAEL 7 Fuih T XolE
Ho)7] HFe Z3be) o2 F& FHIEY LHIA
g o2 AA|H e o} 43024 A%} (spermatology)
ojgt #Ea 9oz A E A =

g9, MAF Azl e o AR HAY A7
2% 7] (Sandoz, 1970), %3 (Ploen ef al., 1979),
AbgF# (Koehler, 1977; Phillips and Bedford,
1985; Mori et al., 1991) Fo] H5o] glom, g
veke] A$ol= E£3 (Apodemus agrarius coveae)
2] Aol e (Yang ef al., 1991) 2 AAHE (Son
and Lee, 1995)] %3t <A<l AF% Adstiy
ekl AXFo] Azl [ dTE v]FE AA
o
ujetd B e A Fokst (Murinae), H-24

% (Apodemus)l 43t I At H3

. (Apodemus spesiosus peninsulae)®] AAHZA JAZ

o AAde S AAAAH BES F3te] AR
Heldshel] M 5L golii, 53] AAme] A
AZ17k 2 b Egt Ael7t QiR 35 2l
7] ste] A= S5l

Mz f wY

£ Ao Algd A3 s Ay F24
(Apodemus spesiosus peninsulae) T2 47N ZA
Ehter w3 ¥ A4S AA 8 & 3%-glutaralde-
hyde (4°C, pH 7.4, Milloning’s buffer)$} 1.33%-
0s0, (4°C, pH 7.4, Milloning’s buffer)2 zt7} 34|
AT 9 F3A gk I o] Bt 2AEE FY
g k5 (4°C, pH 7.4, Milloning's buffer) &2 4
A3t B8 aceton FE ASEAME G456 Epon 812
Loz zufsle ZFPcoh. Ert B 2AELE
ultramicrotome (sorvall, MT-6000)% o]&3}o 1
um FAZ A & 0.5%-toluidine blues %443}
o AMEE] AHAZ Fehungez g 43,
olo]A 60~90 nm9 FAZ A% APEL Ao
uranyl acetate¢} lead citrate £22 o]F A3}
o Az#n)7 (TEM, H-600, Hitachi) o3 333lq
=

2 =

sycle] $27 (A. spesiosus peninsulae)® A
A e A2 Leblond$ Clermont (1952a, b)e] w
o) wat 728 ¥, o]ey] (spermation phase)E
Z7bsted 57]12 R (Lee of al., 1992), A%
nA TR EAES EYE st EA (Golgi), FE
(cap), #A (acrosome), 4% (maturation) ¥ olg
7] (Spermiation phase)E-& WA 244 A F712 A&
alo] Azee] AAAE 10DAE gl (Figs. 1
~8).
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o, 3 14 ARFYLE g Yo FF LAkso]
il AZEA Wl & IgE F7|H e FHe nE
E=obge] ZEA AAHA sigeh. FAA ol F
AALHE THe 2 AALEA 9§ Ftole gloy
obA] Auta} §3tE|A) dsteh (Fig. 1). 53] 8 Fab7
Z9 AzAYdE #9484 (chromatoid body)E
v %ste] Aol WE (flagellum)7t AEA §heg
2} 9)eleh (Fig. 1. Inset).

@ Ex1%7|

HAADE FH FALES) g3 $FH] G
al=oln glon, dAs Az /AL vEe
HEEEZo}Se] HMAE Fwide] A=l gy
(Fig. 2).

FRI|

® F2H7|

of A7)l AAAFE FHd HALEE o8 ¥
< YA 7132 HAXE (acrosomal vacuole) o] HAS
A (acrosomal substance)-& o}3 AAE 3o B
F 3AEA gd. 282 94" 39 (chromatin
granule) Eo] o4 55 et} (Fig. 3).

@ Fr%7|

o AlZlell de] Eede] EHAZA4Y 5
A X (acrosomal vacuole)7} #¢ Futi-z g3 y
A HqAZ, sEE=e]ohge] oSt o FYRE o
THA Wby (Fig. 4).

7|

® HANHT|

oln] FEPAZYH YA AT R FAELEo)
FUsA dAgH ol HAES A FAsx,
ofuf A A T AAFH-o Aol WAFH] 919
v, AAgez WL w4 (microtubule)Ee] ¥
Bl F-3ste] WHMEE JAg FAC FHES) §
o 3R AA AdgezAM ¥ A4 Holxd
o]} W& Zo|sle] AiH oz BEA=A A H
SR do gk r EE5e3e o] A)719 A
99 1/3 ATE J1 9oy | W ESY AR
% (nuclear ring)o] Rtk zex Ao B33
T AAYET} £ G4 FYHEo] YY2E S5
12 9l (Fig. 5).

® HAZI]

AA27)1258 P49 HAY 9L o $o AA o
i FAlel AT, A 4o FuEE o3
of 3 A 1/2%2e] AT AAsL UAgew,
YEE Y9 FhEAR o] FH] Yehyd (Fig. 6).

d=7|

@ d=d7|

of A718] HAe AL gz AT e dH

2 o8y $EFAT. dFY olF2 HA A, F
ZIA S} vlas] B o g 99 s R o)FH
of ettt zejv HAYA sl o HAukie o
As] AAA P& (=HHAY, preacrosomal region)
< FAsEeY, § I AqdME dAd HAE
A AL dokdd o AZldle AEAY AF (F9))
< WA sz (Fig. 7a)

45357

AER7)de g 99 A Fuby 2T FAYA
o] &8sl gor], HEA (equarial segment)e] %
A el (Fig. 7b). o] A719) Az F9
59 fEAFE HARGeR wdselA glen, FH
2 9&AH+= Nos. 1, 5, 6, 97} 924 B A9
o}, Ed, ERFRE 942000, EA} 2= A, BY
B A A% (microtubules)®} 9] ¢) Z (dynein arms)
9 2¥3F (spoke)7t FA vHATS FALE wAlT

2 ()22 wd=e] glglvt (Fig. 7b, Inset).

o|g7|

® olgdy|

o] X719 A& HAALDEr} o923 FAT Ao
o, AFL Z1AR slrteld] A E Jelyde} wEE
Zgjole FAE FALE s md=e At
HAmele g ZFA gduvh. &, MEY AE
(Sertoli cell)ZHE 9+43] oje&t¥x] ¢k # ¥ (neck
region) ¥ F# ¥ (middle piece)e] A3 MEA &

"A (cytoplasmic droplet)E #43 A= MEF N

9 A x-S A= U (Fig. 8a).

@ olg#%7|

of A7l HFS olFe #9 7|AH off2 e
S o} HE Zoldle] M EZEeote FALE FAHL
2 YR AR gAds FULE FAET i
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of A7lelle ojd Ao ] AAMNEEL HAF A
e A2 MEA AedA YA A ZE ARA
Ego| MEA AXE WA WAeZ wEse] Ad
(Fig. 8b).

I #

Az FAFANAN AR Ads)e] EIdAE B
w, At Clermont$} Leblond (1955)7} 12712 +
B3} o]F  de Kretser (1969)7} A=A E B iltA o
A A e e 7[2E R 6712, o
Holstein (1976) ¥ Holstein®} Schirren (1979)%x 3
A & a3 mee] wdd 7125 Fof 8712 54l
o, E7|9 7ZALo = Swierstra®l Foote (1963)& 87]
2 pRaigdon, 2 Feff Ploen (1971)2 10712 T
sledeh, wd, AIYF0)e) 4 Chawdhury# Stein-
berger (1976)7} 12712 U592} Afzelius (1982)
v 10712 Y7 olEist AoldE #ARI} AE
23 AN o= §F e EALE EvE J]&d)e
viehd Agetyr Azsele, agmg g S A
o F714E HAHLE FEIed oA EriA 2y
Helof & AgezAE, AAEZ FUdFo)g gz
7k A M= MELS fife] w2 AY g4 =7
de] ¢ 4= gvhe A3 EAE, AAUAY H-E ¥
Fito] FAAL ALY sk F-49 MAATE,
2 9g 9oiA e AASNE EQE ARG
EE o qA]7]Y] F-RubE AU A A4 A
gg A54E 4717 9 A A (Son and
Lee, 1995).

2 dFdMe 4 AgAYE] 279 Az
$4-& RAs)e F714 & Tesle] v eg Ax
#319] 72 A& #qlsle] Leblond9 Clermont
(1952a, b)9] Wel o8 24, T2, HA, A57l=
T8 ¥, Lee (1992) 5] wilo) we} o|d7] & F
7kt 6712 vrglen], 7 7|e|Me nlA 3 XolA
& Ed2 3o o] AEEe. & FR], FE, A,
s Q odr|ES 44 A - TR st £ 1094
2 U¥49 (Figs. 1-8). o]+ He-$ (Andersen,
1978), /H3ZYgo) (Afzelius, 1982), #4}F (Lee ef
al., 1992), 3%o] (Son ef al., 1994), Z1'd7} v

(Son et al., 1995) 53 Zokdh. zev 4o FEE
o] FYT} AL AV AR AAY AAFY AE
TFZEY P H Wl slojMe ga Helsl Qe
g, AR 34 5o F83 FA WM 9
% A xA] WEHE E 4 Qo

AR e 27|34 Fol M A dgL FAY
Aol 71938l vt 2, AANE G2 Edv e
w g AAH 2] E3dA & metsled of ¢ Fasid
(Suarez-Quian et al., 1991). A} HAYA A
0]9] HAJ-L MC418A) (Tanii ef al., 1992a, b)
MNO&H| (Toshimori ef al., 1992)% Al&sie] S
g As, EAFY ARE HAES EAolEd A
A7} Fedsle Golgi tractet FAAQ] FAglo] EAo
%o} Ydo]u}= Extra-Golgi tract® T84, Golgi
tractE 4] Golgi-acrosomic granule tract$} Golgi
~head cap tract® AlE3l T Ao Exlo|Ee A=
£ /MR el EAY Fiel wEtA 27t o2 AR
& AAt} (Toshimori et al., 1992). =i, DZE 3
A MN7L mouse, rat, hamster@ato] uh-2A)71 2
o AAPYA o] HA FHFEA e}t ed o= 3
o] A AL 27)Fetell FA | FEHE FHFHE
A2 o8 AAWE o)FHrhe AS 9n|d} (Tanii
et al., 1994), 2 QAFo|A FAA7 ] FAAANN £e

| R ango] BAZE R0 Agslel Y A2 Mo}

(Figs. 1, 2), Lee (1992) 59| #Asle} 7o) MZAY
A &R A ATEA] FAFLE o]$HIT o
9 ATEA] HALYLE FY=HE AoE gl
o, =3, Fdl J1ed P4 A¥/L HALTED
s got on] A FAL HA AFE
Ao ZAAE o|$HT 42X $Hsle Z AALTE
gt Aol e Aghan §¢57] A AZe
ARAxHr] Boe Z7IAE A9 F7elg 71€H
ofof et AAR ¥t e} (Lee ef al., 1992). e}
A ol M S B E sle] B, 2 dFoME Al
e FRA A9 dge] F& AABE ¥} ofmlE Golgi
-acrosomic granule tract® Tgo] ¢lozjzl AR
=

FAAY o)L HAATHETH HA o] FHo AA
HEZY FeRgoz oF Hid, & dFeMxE 24
A7)JA FAAL HALE FHFAAM (Fig. 1) A
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o] F3te] FR|ol o 2 v|EE2=eote} A
o] ¥ 5] vepdd (Fig. 4). o|& FAAY e AR
o] Fejustel] A3 HPHLE Fo{ghS on)gid

o, B dFdia FAA7 e 94344 (chroma-
toid body)7} &9 FupHo] FAY slrtolel el
(Fig. 1. Inset). frd4AA9] 719& ARMZ] n]E
2xglopfo] HojeloAM &HP zYaA Zepal Eell
t EAAM e, FFAF hamster?] A¢ FEA
Ao Aed-ol annulusel] ERsHe s ALE Mo} ¥
2o} Beo] ikl A AL glovt (Fawcett ef al.,
1970), F9A4A9 715 A g3 d9A A dor
ojul gt A2 g ZAdAE GO AFAH ZAL E
L3810, £ Ao AR L 7] (Figs. 1, 2)°]
A FR7] (Figs. 3, 7HA1% 79 3o, HAxE:
o} Aupez &3l A EFA=24S A AHA
FHE] $FH &43 HAE FARAS. HAY
ERFENE 2 Suncus murinus® 7%, FAHA
A4 7HA NN A7} A ALE ] AAHDT 954
oAl AL Aol Tale] 133A A fan2 g2 HA
5 gAshed o3t AAY A 2 Fo GAA
HAZL oA YA AL AR fan Zg A
AL A g fFdag AAHel= A
(Kurohmaru et al, 1994).

o) W3 A &7 vl ge] AdFe A,
29 A4 (Kim, 1986)dE FEF7|AM, AAF
(Kim et al., 1987)% %37} (collapsing stage)el*
AA2¥7t 829 F dEZE7] (nuclear protrusion
stage)oll A AHAFAAZ clEe] A4 Sl deldet.
A e AR AEAYE #4F] (Lee ef
al., 1992)el|x Loz HuHY, 9] (Son et
al., 1994)9} 523 (Son and Lee, 1995)) 52 u}
9} A9 gdaA dERE. & FAFAM g4
+5o] APl A&rle dHAe] vl & 53] 4T
Ao ANAARE FAT ogr]o AT S A
she wbdel, 2 dFeMe FRAZAM A A
A3 $&317] AlAsle] (Fig. 3) AAA7ANE £51
Aol FAA T3 Hez APH I (Fig. 5) A%
Zelle FA 3} Hal (Fig. 7a, b) o|et7]e] 43 dL
489 (Fig. 8a, b).

AA el do AAL AR} £ARE FRA R &

Ao F83 o488 Fgsled (Franzén, 1983), 3
A FAAA dAe] FHAE SHs] Hsbe] 29
o} (Zaneveld ef al.,1973). Olson®} Wintrey (1994)
T =3 HA ¢} apical body?] 723 J949 Aol A
Auk$ 5ol hydrolased] W& & A7) 4 £4
A<l 9499 olete 7HeAE A B

T EsE g A P A (AEA]A B,
I+ (Lee ef al., 1992), A (Bae, 1984), ¢ (Bae
and Kim, 1985)2] A AHAA7 A A Ee] &
Fo] AAE AEAr)d 24, H2] (Kim, 1986)
o A4 HHEL dFY A a9 T,
AGA N AE5E7dA AdEY. AAR (Kim el
al., 1987) A3A7|A A 57 A=,
%27 (Son and Lee, 1995)% FRIF 7oA, oo}
(Son et al., 1994)x HAF7| A WHES YA 3
.
A5 ¥ o) FAAE A (Lee et al, 1992)%
T A BoEd &, AAAS (Fig. 57
4%7] (Fig. 7a, b)7HA] deigteh. 221 4 (Bae,
1984), HA) (Kim, 1986), #}7 (Lee ef al., 1992)
o} B AFoME AR JAFEH A ES FZE
velwtel, B A4 7o) A4 AR de
A3 Bdol olT (Lee, ef al., 1992; Son ef al.,
1994), BHES] w3 £y Fo wet A4S
7FA9} (Rattner and Brinkley, 1972), 7zt7te] Zu}
o 5§ Hol2 bl 2 EFoleh YA
Azl el FEFS v} (Fawcett et al,,
1971).

oA FHeish Fof el njAe AHEA e
e 749 gde 9 2458 A 239E 7
¥ ddel  AAFe  A$ Fand (Phillips  and
Bedford, 1985; Kurohmaru et al, 1994) 9 &
R (Yanagimachi and Noda, -1970; Son and
Lee, 1995)% 7Mi& 4, WAEY ojL% 723
o o] HAFHE YA FLF ¥ I
(Son and Lee, 1995), o|x XA E] 3 Fubi g
post-nuclear cap®] HeFAel Fg A&s d2sl
= 7122 (Uchida and Mdri, 1972) & dFefa] A
A} FAA Aol HEA] velted (Fig. 7h),
WA 5o AR F AL Gz §3el
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A} FH post-nuclear capi¢| plasma mem-
branes} @22 plasma membranes}o] A}o]o] 4] Qo]
b= AL (Stefanini ef al., 1969; Yanagimachi
and Noda, 1970) EfF AAY $HE S o
EUI = £ 2 = S P R . L - K4 [
postnuclear sheath7} 749 759 AgE F2l357]
918 =AgS vjdle (Koehler, 1972).

2] euiste} of2] HEAY HIE FAo A
e 4 sl 53], A5 A AxY Aee
i FEG ukE F TR Ao A 48 AA
of glow od MEAY FI: HAA FolEd
(Fig. 11). ol 342 422 @ nEgs o)y ¢
A WA (D) delgts Sl e nlEEZE
glo} 25 HAER Folo] oA AR me
HAE A% E0HAE st

HAmele] A 7S, W4F (Lee ef al.,
1992)= FrA7 oA, o] (Son ef al., 1994)%=
FrZ7leA, £%7 (Son and Lee, 1995)= £33
71lAl, Abg (Clermont, 1963; de Kretser, 1969))
< FRIAN AAmest QRS AAsAT. 2 o
FAME 7253 (Ploen ef al., 1979)9} MNEL %o
(Afzelius et al., 1982)9 §YT AHE d5idh F
ZAA7|AM o]m] mE]7} A EA vloE EZHe| glo
o (Fig. 1), ¥, #A, 4% 2 oddAE AX ¢
Agt AAme) S 4 st (Fig. 8b) ]9} o] 7 £
vjehe] Axime] QAo vhar xfolrl el BEA}
7t7ke] A EE3 A A d&Aq HdE F3 243
ARl g ofFo] Aldct, dhkeiu, Axlme]e ¢
71e BE FEo] ANl vehdA ¢br] b il 24
o] kg g ¢) shte] HEE A B gAs
A ARt dE S B2 7jgHox ok & Folth

| EE2=zole] AT M FUSE FAd F£o
g 98< 39 (Olson and Winfrey, 1990), w7 &
A7) AZA Aube] AX EE3le] HApde A
S AXNEA meHOR o) Fdd A4S FAHCZ WY
Hed mePAe I3 Saelr, B AFeME
ZARA7N AN HALE FHT Go| ARAFH glrr}
(Figs. 1, 2) FE237)ee= A8 g nEZE=g oy}
nejZo s olFHo| yehton (Fig. 4), g7l 3
AHE FALE wWdse FAFE YA (Fig. 8a,

b).

Afzelius (1982) 5 SA7F A ZA 3ol 91& 4
S AEGS} T Aeoln), o)HEe) Eiay F
of A&z AA WolM MET FHOZ o]Fsle 4
Etel| AFsid AEge] FAE T A AR 34
. 2¥eE E7stR, A HA FHd vEEZ
Zgjobrl YAlg oz AAAN MEL AE2HEH oY
E%o A viele g AXY AZEA A 54
o2 g3, oW mEle WAESR Fsrd ayg
H, AR AAEE $FH] gl o9 o=

- EeTtel gk AEAe 2A) Qe

Yang (1991) §& e ojsbal, HAA v ¥
o Ao FRHY &A= Nos. 1, 4, 5, 97} o2
AR g4 F3 2d3 71432 gl ibdd, $23
(Son and Lee, 1995)%} £ dAFoME= A&7 AR
o FHARY YA ARG wdsHe 9z,
=5 &4 HE Nos. 1, 5, 6, 97 &2 Axc Ao
(Fig. 7b Inset). FA}FRE 9+20|0, &4} 2=
A, B olH2% (A, B microtubules)3} thiel 2
(dynein arms)3} ¥FAl3E] (radial links)2.2 FAE
oA slsieth. olgAdME ARY @ nEEE
oi7b Ay es AAAN FHFE A (Fig. 8a),
olgt&7]d ol2a AR ME2] HE (Sertoli cell)$]
AEAZHE HeFe] Aod4 A (residual body)E &
712 AA#E Wheg wAvstA g (Fig. 8b).

2 B

Al gy Ade] #24 (Korean manchurian
field mouse, Apodemus spesiosus peninsulae)®] #A
Auie) AL kot sl A% SN A
avie] AEE3] v Hey EAEE 7122 sl A
AdnA ez fAg A9 S5 2o
L g4 slgdAge] §239 Ay A4 2
A, FR, A, A5 F ¥z FRINE,
AETEZY SAE 93 o)5S A4 A - 7]
2 AEste A A F279] A
o HIYS 10942 Froleh,

2. 444 W3l FRAV M HA3 S5t A
ZelA FARE L, olgr]el| A g L HA

N,
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3t

3. ARmele) AN FAAA NN FAs] A
2sled o] &b7)o A SHAIE I

4. FHFY A G HAARYLE WL 9,
8244 Nos. 1, 5, 6, 97} B2 7 R} ad,
=3 FHEY FATERE 9420]0, HA} 5
Ax A, B ujdAF (A, B microtubules)#} ©f
Y2l #(dynein arms)3} WAFE] (radial links)
22 TAHAAH s+

b1

n
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FIGURE LEGENDS

Figs. 1-8. Electron micrographs showing the Golgi, cap, acrosome, maturation and the subsequent spermia-

Fig. 1.

Fig. 2.

Fig. 3.

Fig. 4.

Fig. 5.

Fig. 6.

tion phases in the Korean manchurian field mouse, Apodemus spesiosus peninsulae.

Electron micrograph of the early Golgi phase. The Golgi complex were formed at the anterior pole of
the nucleus, and a small acrosomal vesicle (arrowheads) was appeared in upper on nucleus but the
vesicle was not fixed. Note the appearance of flagellum and chromatoid body in cytoplasm (Inset).
Fg, flagellum; Gc, Golgi complex; M, mitochondria; N, nucleus.

Electron micrograph of the late Golgi phase showing a large acrosomal vesicle fixed to a recess of
nucleus, and the Golgi complex and mitochodria are seen in the neighborhood of the acrosomal vesicle
(arrowheads). Ag, acrosomal granule; Gc, Golgi complex; M, mitochondria; N, nucleus.

Electron micrograph of the early cap phase. The acrosomal vecuole (Avo) spread outward from the
anterior pole of nicleus but acrosomal granule was not flatte.ned. Note formation of chromatin
granules in spermatid nucleus. Ag, acrosomal granule, Cg, chromatin granule; Gc¢, Golgi complex;
M, mitochondria; N, nucleus.

Electron micrograph of a spermatid at the late cap phase showing the acrosome spread over the
anterior one-third of the nucleus., Note Numerous mitochondria are seen in cytoplasm of posterior
pole of the nucleus. A, acrosome; Av, acrosomal vesicle; Cg, chromatin granule; Fg, flagellum; M,
mitochondria; N, nucleus.

Electron micrograph of the early acrosome phase. The cytoplasm is shifted to the posterior parts of
the cell. Note the appearance of manchette and nuclear ring, and the condensation of chromatin
granules in nucleus. A, crosome; Cg, chromatin granule; M, mitochondria; Mc, manchette; N,
nucleus; Nr, nuclear ring; Se, Sertoli cell,

Electron micrograph of the late acrosome phase. Note acrosome spread over the anterior a half of
the nucleus, Especially, the condensation of chromatin granules and elongation of nucleus. had better
the late acrosome phase more cap phases. A, acrosome;,; M, mitochondria; Mc, manchette; N,

nucleus; Nr, nuclear ring; Se, Sertoli cell.

Fig. 7a and b. Electron micrographs showing the maturation phases. a, Electron micrograph of the early

maturation phase. Note nuclear condensation is almost completed. b, Electron micrograph of the late
maturation phase. The nuclear ring migrated near the basal plate of nucieus. And, transverse section
of middle piece of the late maturation phase (Inset). Note nine outer doublets and two central singlet
microtubles, The axonemal complex consists of A and B microtubules, dynein arms (D) and radial
links(R). And, number of 1, 5, 6, 9 of the outer dense fibers were larger than the others (Inset).
A, acrosome; An, annulus; Es, equatorial segment; M, mitochondria; Mc, manchette; N, nucleus;

Nr, nuclear ring; Odf, outer dense fiber; Pf, perforatorium; Se, Sertoli cell,

Fig. 8a and b. Electron micrographs showing spermiation phases. a, Electron micrograph of -early spermiation

phase. Note head and middle piece of immature sperm surrounded by cytoplasm Sertoli cells. b,
Electron micrograph of late spermiation phase. Only the head of immature sperm was surrounded by
cytoplasm Sertoli cells. And, separated sperm from Sertoli cells is seen in the lumen of seminiferous
tubule. A, acrosome; Cd, cytoplasmic droplet; Fg, flagellum; L, lumen; M, mitochondria; N,
nucleus; Rb, residual body; Se, Sertoli cell; Spt, sperm tail.
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