gtej g 9ata A A28 A1E 1996
Korean J. Biomed. Lab. Sci.
Vol. 2, No. 1, p.57~69, June, 1996

kAL o 54| (Clethrionomys rufocanus regulus)®] 73 24+ €]
Adesta AABsT e 4E e

A %f,ol

= 4 g &

ZEEXE: §24 58 3F| (Clethrionomys rufocanus regulus) A AR E] 313 & dolR 7] 98l A
A2 AR AEE ) MEESC g FHF SHPES 7|22 oo AR Aoz BFF AYe
g3 2ok 1 g 5EH 9 FApAd 33 2 F X (Golgi), FF(cap), A Al(acrosome), 4 %;(maturation)
g o] &7](spermiation phase)2 F-E3}A 1, THA] 247} A FOAZ MEstY ARF S 10GAZ
FA 2 GAA Wste SAFTNA MAE §F3td d&71edA dASE L, 87N ¢
@ 92 PR3 3 FATRE R2EPL A, FAuele FADs 0N B4H7) A2
o o7 AHAT. 4. o] 2 A F7]9] FAAE] FHH EJ2AE, o|2A-7Y FAA
Ze A @z FE HARY (). IEEZ=E oo E1E WEH v B B R FUR
AZA £24€ G5F FANL(Aype). Q). TIEREolrt ZALE FHOE 948 AN, F
A AER 24 FHF FAAEBtype). 3) FAIE FHLE v|EZEold] Mg F A%
A MEA £AS FHE BAAEClype). 1D | FFINS BS, AAAES0] AATRY
Sertoli cell®] Al EF ol Rqz] JAY} E Sertoli celle] N XA ZFE ojgHr] Ao A2 +

EA

M8

Bad AP F4H AT/ Lo 953
A MEHE AX FAT H7171A 9 B L AR
% A (spermatogenesis)o] 2} 3}3, A=A xubAy
(spermatocytogenesis)¥} 7 Z}¥ €]l (spermiogenesis)
o] ¥ DAE AA A= ojzict. of23t U
oA A W3S Leblond9} Clermont'®7} Periodic
acid Schiff Technique©. 2 g M3l F A ¥ &
FUAE BA, 52, A L 45719 712 7
BaYy, 1 F Nees IRFEY FAHA
A THH o] AAH AT,

o2 g Ao FINAHL TRFEA wet
Tt Aol & Hoj=d ole ¥MARIH THT
#AZ AeH, 53] dF A4 T84 93

*=E-4 19969 39 59, A AR 1996
)

1e

* Ln

o] =EE& 19959 % Fguldtn ged T2y
vlol] o3t 2" A4
tAA QA AR

-57-

BE ART B4de B3l dE X /T
23 €8 dAxez PEHO vy
ol AUAZIE AAs AT oM HAZE
< AT HSAHEA Aoz AAH AT

E5F) AAYR) B AF2AE AR
wsra0g ) Satel 72 e o], A, meFol*
3,30)’ %29,3253,34.35), _(H";%m’ }‘]'ig:a 15.15.22.26), %%ﬁ 31,37
ol Buso] gloy B Fof A #F A+
€ oHd 239 v gt 53] £ F2 IRKTE
ZA H4AEE s Y FE Adstne o
N SABES Pl THFEDE D 54
I Aty EE A7) W& ol F 4Y F
BEAE SotEe2N §3F AJPETS 3
3t $E] AHdAE AEE & UL A2
Z 719t a2Er 2 Fo] FAiY A S
Lolgoz2A F& TPt Key word2 o] &
& & ez 7idEd.

m2tA E ATFE St A S EFH (Clethrio-
nomys rufocanus regulus)] 7 ZPH R A E3) 3
Az el A7 ol oldrlel A
3 5A& 2A87] f5te Al =sgth



Mz Uy

2 Agd A" AsE Ag AdA =
A& U F2H (Clethrionomys rufocanus regulus)
TR ANA A ether v} F HAE HE35] A
A 3 & 3%-glutaraldehyde(4 T, pH 7.4, Milloning's
buffer)$} 1.33%-0sO,(4C, pH 7.4, Milloning's buff-
enZ 242 3At Any € FuF st 2
o] Bd XAEL FYI &FA@T, pH 74,
Milloning's buffer)®. 2 <=3t t}& aceton E%
de A 2 23t Epon 812 £ Yoz ¥
&od Z2FE} Fujrl BY ZAEL ultramic-
rotome(Sorvall, MT-6000)-2- o] &3}l 1m §A =
A A g thZ 0.5%-toluidine bluez G sta] AL
3o ZdAE FEgAv|F oz sz,
ojo}x] 60~90nme] FAHZ A432Q) duH g o
©] uranyl acetate$} lead citrate 840 2 o]|F g
A ste] A2} ) 7 (TEM, H-600, Hitachi)e.2 3
#staot.

| o}

Q53] FAUE 2% Lablond9} Cler-
mont®] WY Vol whal FTEF F, o}-28] LeeF 9
W™ wla} o] ¥ (spermiation phase)E 7}
o] 5712 rlm, AL wlA FEE 54
S 7122 5o X, 52, HA, 45 L ola|
$e 27 W FUA = oA AR AR
9] A& 1024 & Y ch(Figs. 1~9).

2X[7]

® =2x|x™7|
27 Az de il F, dae
A AREeE o i 2T BiAHo] gl
91‘3]' AEA Yol 23 njERcgolSo)
n2A BAH AW E, AARLE T H
A 22X 8 Fi7told] EAlstn Lot o1 &
23 Ay 53] AxAgde 49
A A A (chromatoid body)Z B|E£38le] HR
(flagelum)7} Al 2 who 2 1}9} 9] 2 o}Fig. 1).
@ Zx1%7|
o) FAZAEC] i &5 gRed,
AAAL & /T FALT] Suty g3ty
F7F e ANk AEAYeE SAAE

-58 -

B2 R EZE ool YALE FHF Q
Aol glom), AANAA Tha Ag) Fa
%02 o) 55 o] UehdrhFig. 2).

F27|

@ F2n|

Y2 M8 THo|n, HAAHE /T A
AExe b8y 8L A7 2 AT A
A &7 (acrosomal substance)S o} A A Fujjd
E2RF FAHA &% cHEFig. 3).

® F2%7|

o] Al7ldlE o B EEJN =4 P
£ # 3 3 A ¥ (acrosomal vacuole)7} 3]o] Fubr

2 o WA HAD, AAALE) AT
AAE ¢& FolAth AALE A9 ¥FES
13 Al AR FAAE WAX F96]
A9l gglemd, MEIEaloks o] Ty
2o 2 tha o) F5o] UekthFig 4).

A7

® HHz7|

o Al FEIAZREY ¥4 FAL )
AAEAS] FRetA WAL o}e2 WAS
218 FAAAD, ol APANT AT
o RFAete] VRHo] gtk BIA=e)
AAE g =S 3 AReH, AEAY
9 mEgselolge] $H slo) FPEz of
%3] ehsithFig. 5).

® HH%7|

AAA7 258 P48 BA S} g BAES
283} B2l Psl woldw A A3 8
02N FYRE FASUT. BHES AR
el & Fo] B THFig. 6).

71

0x
1

@ =7
3}

3]

e 1o o2

& FAA o] FdRst P o
o, o] AvtiE gAs) A
F(="4 A4, preacrosomal region)S ¥4
SR I, A Eo] o FYRYR o]FHo YEt
‘XxL‘;}‘fﬂi U= A= AxA A E)

< dA3HA A= o F chFig. 7a).

® d=5F7|

Aerrde g8 HAls o Folx ¥y
3 RYon, gL tSy AAA $2Hx

:el_
=7
5oj

=
A 7



A3t 5 o A (Fig. o).
0|&t7|

@ oletr7|

AL AAEE vi¢2n 42E FH
AT FAe] L st e, yE
71 % @ (basal plate) 7}7ko] o] A= o eyttt
£3] o] AI7|9) ARAAEE A FPom F
0] vg ged, nEZ= ol 3 )
g3} o] AR FURA XA RS F
#§ HAA E(Fig 8a, b(A-type))$}t PIEZ=g)
b7t FALE FACE A% widHD, FHY
of NEA £3ZT /KT FAME(Fig. 8b(B-
type)) X SALE FHOZ nEZ= ol WY
F AR AEY 288 FHP BANE
(Fig. 8<(Ctype))So] BB oizTh

o|E#7|

NEZElE e FAE A0 YHRe
= 724X S FURE AT B o3
o] Al7ldle ojgd7Ise 2 HAMNEELS
A AFH-q Sertoli celle] AEA] XA YA
W} (Fig. 9a, b(small-asterisks), 9¢) &2 A ¥2d 4
A& E71A] Sertoli celle] MEAZHE RalH
o olgH A FA A YrjE 22 9
S cH(Fig. 9b, large-asterisks).

1t

a

Th4e] LHFE AolMe] FAHAY FH e
P AP ZAT ATr Qo) A%H
WM3E AA A e FPo2A FRAE
Sy FAAee] E BAS AH fAFR
TP o) @ A & EHEEY o wat ot
2 o7} Uul, A7 Y Ja@EfA
o Balepe) ds Ao, FanEoz 7
+2 H8H 448 EHUAS Bo] FEY of
£ A A8 A gl(spermatogenic wave)}a o} 1
dolx 27sm, Hadoz B da dojz
MABo g strjeks Bag e Aol AT
AR AT AW GAdd] FaARERoS =
A olZatw, uhE FAAAZ o] Faha] n]iL
of AA= A Wl Fio| A He) Dojzl Al
BAB5Y 448 AAEL 1 3o XA oA
UAY Ee Bdo] 2L FASE o] P2
d =250l 9 75AL AXFAY?. e}

-59.

A AL stztel AX G B BES] WA
o AAEL ¢A3 1E Ao A H A
Eolgtn £ & flon, JLawoz Ry U 9
oz ARFEY WA AAET EgH
dorz Fxggaees MdS i nHo
# o} gtk AYztdch

AR AHF] Fag AEe Fegy
WAstzx e AEW ZA A (Golgi complex)9t
A) A ¥ (acrosomal vesicle)2] 9] L o] F, A
% (acrosomal granule)S-2] Fe| 9} FAIA| 7], A A
(acrosome), G A ] W3}, 7o P o] F,
A E(mancette)©] &7} ojof] & o] Wiz,
nEZcgole] vid 2 FAuee A ¢
BAY] € E F 7 Uk

AARHAR FolA A HgA = FA Y
271840 71Ast=d®, AT F¥ R A
o FAA = coex(FHET 42¢ T BITFE
2 A¥Z 7A)9 medulla(=&8 A%y #
AAEYE FZR2 FADE °H AL AELTV|HRS
ZA? AA A e 5450 FAAR
7171 W&o EAAS 7S FHAAE B3
AE gopsted vl $ a3

SR A AA P Alele] UYL MCal &
90} MN9 A8 Al-&5to] w33 A, &
Ao o] FAZE AR EFo|F FA A}
#a] gtk "Golgi tract" 9} TR A 2] FAQle] &
Ao]Fo] dojuE "Extra-Golgi tract"® TLE35}
%3, "Golgi tract"& "Golgi-acrosomic granule
tract"$} "Golgi-head cap tract" & 2 A &3 T A A
o] E4 o]FARE /IR R Uyo] Edd W
gA 4z & A28 ARG 12, FA @
WA FAE YotH7] A GEFE A MN
7% mouse, rat, hamster’] X}ol] ¥E2-A)7] Ax H
A GREAA #F = e, ol A}
AE geo] FAWE AF o 2] FA7F
ZEH fide 234 o FANEZE o]F5H
e AL 2uan3s). ol B AFdA IR
A7 o) EAA NN Ee]d 2do] FALAE F
Aol AHH] Y Ao g2 Hol(Figs. 1,2), N X
Al A€ AA AFLEA] X ¢
o|£H 1 o] E AT EH FAhdoz §¢
He Aez®, Fd Jled (P4 2371
AR LT etn PG Eo] ot ojn] A EAY 4
FAdE FA AFEH EXAZR olFHR
LX et §¥st & AANATE YA A



oA e} Add FHH7 He LXE HA
2¥2] Hode FIAAAZ a9 Aol
71g 5 olok &dcha A A& uh ATH.
AT A7) AA=Z AED £Xd F
8% ¥l dojust, AN o5 HA
FA2REH HA ol g AAA T meFE
o2 olF Hed, F 8o SRS g Yo &
HEE oIzt B AFNE FX A7 A
EZAA AALE FHRNX(Fig. 1) AA | F
ste] AA7]ole Po AR nEEr ol
A ol FH o YeElt(Fig. 5). ol A A <
A BAe Fewizle] 435 APz #
o3 onl3ict A9 e AFLe HAe &
AHe GRAEYY FHd Fo} S G
23l 4 A A dale YU E S5}
7] 9)8td 2:20 3, Olson¥} Wintrey?+= =3+ 3
) 9} apical bodye] 727 goo] xjol FHAuk
& &<l hydrolase] &g -3/ A¢ &
£4<Q 499 Aol 7teA & A A A
o] glzNe da4de $59 o A%
E F A=, vl dAade] st 23
A A A 8] o) A Fe] dojdrt. mgolo
Sl FEZA7)6A e AFo] Alzts]H A
A o] HAAA FHo] dolvhA FAAM 2
Z719A1e] 8o Adn AIRPL G F,
FrIgA M e ol AP 42L& 4n HA
43 dodx 23 ¥ 3, Sone2 FA)7)
A &7 At FA 7o 73 e
2 AP n J&7ldA 2dddn Eadg
ot 2 AFoA AR} Wse FA 3V (Fig
)| A M A3) &3t &7 TS,
ojg7]olA &AZ S A3 th(Figs. 8-9).
dade] $%& A EREES 4% 7Y
8tA o] Fo] A} ALY Afollde FAH U
d& FX7t ¥ H =™, Faweett"= o] #H|
£33 #do] Yot R 15 1, Bedford®5 &
g o] 7pgRE e dehdA i #5E S
B FEsd o|& # %2 (equatorial segment)d}st
st ot
AA S AT AZR S5 AAFEE F
Asted FEdd FFoth. & A7l Ak
Ao o wiglzMe, FAAAARY H
A-A7\AA & A9 73 (Figs. 1-5)2 FA k7t
AAF7) NN HE3} A ES TXE0] VeER}
7] A28t (Fig. 6) 32 HA A33 HolAd.

(o]

=2

-60 -

DA ES] A PEo B A 4%
3 o] e v Bt E ulh 4o 4
£ Fo g F7AEL /AP, 2zt Fultt
¢ ge o zolE Yehn 7 EFolg &
AZGE FANE 333 A FAAviEle]
Asle) & ATz 7lesta Yo

go] Fe Az} o2 NEAS WIE F
Al APEE &4 e 53], 5719 FA
Axe ALe d§ FE5E 2 3. § F59
PAJo] Agl &5 A 3lor oju AxA
e dA35A Fo EvhFig. Tab). o= o|g
7ol HFALE SAoE 3 nEZE=z|ole) A
g RN g)S =43 9% 3 S 9
3 FAA, U3 nEZ=gol 28 A
31 Folo] o]@r|dlxe FAF PAlue §
AL A SV AL E o gt

Az el YA 71 oA, RHAFHT
MEAFoIVAANE SR AN mel el 7]zt
#F Hlon, 553 HFEY FREI4 o
u $AT FHAEE IR E RALE Hol ojnlx
FupF e} Zo] FR A7 YAEHAS Aol
3 FZe9o =23 E5F9 AAEHAAY F
Qtell B 2= plasmalemmac]] 24 3l ¢x] 3} g
#o] A A)9] distal membraneC. 2 X ¥ 7] Qd3d
W, B 7] %9 R3o] YoM el dE AASH
A, Afzelivs" 52 ZAL7E A ER o g
& BSo Mz A3 Feoln, o] A E0]
¥atad Fo A&H oz ZAA wWojr MNE
FHOo 2 o] 53] A X FAstd M Eeto]
2412 8 A Aoz 33 i

AAme el BAA7I=, A ARAE B
3 GA oA Clermont$} de Kretser'™= 3 A 9} &)
o] e 7|2E Fol AAWHAY S 6FAZ
FEs9 o, . F Holstein''= F A<} &) 215
3 mdEs XA A SHAR PRI, &
2] 9] A A7] = Clermont”2} de Kretser'™7} A A)
g Hpohzlo] o] & ZtZ FAWY AF e FR
7oA Az BARE AAEG 1Y
Y, B Ao sl e 7] FAAES] FAA
7104 olu] Hze] WEIL XA Bo2 5
Hol JL&S E(Fig. 1) 7+ Fvich Fzpzma]e

RN el 7t e AAA A A AFH

247 Bestch By AR $FHE 27
S g1 9L AR EUz /¢ B9 o
& B2} e ¢ 4 AUk F FUUY 94



7t AERYE =5 dB8A AX st YA &
7] HEN MEE ASFE 704 AW A
< ARE EYE 7|sHo Ao & Aol

FH, B AFN e XA 248 F/4T
AAEEL o] A. F7|dX F=eAA et
Y=l (Figs. 8-9), o1& A F7]9] HAANEE F
E3t7] sk, FAAE] FH A 5 & A}
st o]g Ao FAAMEE 37 22 371A
FEoE FEFHUS. (). IEE= o] BFF
2 g3 o Eo] AR-o FHN AEA 4F
< RS A EAtype)st, (2). PIEE =2 o}
7t FALE FAoE 943 WidEH 1, FHF
AEAD 23 T FAAEB-type) 18]
(3). FA1E FA o2 v EEC ol wid & 7
Folwt QA 43L& FRT FAA E(Cype),
T3 o] 23 o] FAAMEY AL (1) AE
THE 3 95 E 4Ad3] FAT AAMNTE]
AR5t Sertoli celle] M EF) MgA] A
1 (2). Sertoli celle] M ERAZ HE ojgH7] F
Ao HAAEZ 242t TR}

=
(L

o] &

b [=) Q

. Afzelius BA, Johnsonbaugh RE, Kim JW, Pl6
en L and Ritzn EM(1982): Spermiogenesis and
testicular spermatozoa of the olive baboon
(papio anubis). J Submicrosc Cytol, 14(14):
627~639.

. Bedford JM, Moore HDM and Franklin LE
(1979): Significance of the equatorial segment
of the acrosome of the spermatozoon in eu-
therian mammalian testis. [ . Differentiation of
the spermatids in the cat(Felis domestica). J
Biophys Biochem Cytol, 1: 287~315.

. Burgos MH and Fawcett DW(1955): Studies on
the fine structure of the mammalian testis. I .
Differentiation of the spermatids in the cat
(Felis domestica). J Biophysic Biochem Cytol,
1: 287~300.

. Chowdhury AK and Steinberger E(1976): A
study of germ cell morphology and duration of
spermatogenetic cycle in the baboon, Papio
anubis Anat Rec, 185: 155~170.

. Clermont Y and Leblond CP(1955): Sper-
miogenesis of man, monkey, ram and other

-61 -

10.

11.

12.

13.

14.

15.

16.

marnmals as shown by the periodic acid schiff
techique. Am J Anat, 96: 229~254.

Clermont Y and Leblond CP(1959): Dif-
ferentiation and renewal of spermatogonia in
the monkey, Macacus rhesus Am J Anat, 104:
237~255.

. Clermont Y(1963): The cycle of seminiferous

epithelium in man. Am J Anat, 112; 35~51.

. Clermont Y, Hermo L, Rambourg A and Htor-

ne-tjomsland G(1988): Structural and cy-
tochemical characteristics of the Golgi ap-
paratus during the formation of the acrosomic
system in rat apermatids. In: Golgi, lysosome

- and centriole evants in early spermiogenesis:

targets for male ferility regulation. D. Hamilton
and G.M.H. Waites, eds. Cambridge University
Press, London.

. Fawcett DW(1958): The structure of the mam-

malian spermatozoon. Int Rew Cytol, T: 195~
234.

Fawcett DW, Anderson WA and Phillips DM
(1971): Morphogenetic factors influencing the
shape of the sperm head. Dev Biol, 26: 220-
251.

Fawcett DW and Phillips DM(1970): Recent ob-
servations on the ultrastructure and de-
velopment of the mammalian spermatozoon. In
Comparative Spermatology(ed. B. Baccetti), pp.
13~28. New York: Academic Press.
Frankenhuis MT, Kramer MF and de Rooij
DG(1982): Spermatogenesis in the boar. Ver-
erinary Quart, 4: 57~61.

Franz n A(1983): Ultrastructural studies of sper-
matozoa in three bivalve species with notes on
evolution of elongated sperm nucleus in prim-
itive spermatozoa. Gamete Res, 7: 199~214.
Holstein AF(1976): Ultrastructural observations
on the differentiation of spermatids in man. An-
drologia, 8: 157~165.

Holstein AF and Sch fer E(1978): A further
type of transient cytoplasmic organelle in hu-
man spermatids. Cell Tissue Res, 192: 359~
361.

Koehler JK(1977): Fine structure of sper-
matozoa of the asiatic musk shrew, Suncus mu-



17.

18.

19.

20.

21.

22,

24.

25.

26.

27.

28.

rinus. Am J Anat, 149: 135~151.

de Kretser DM(1969): Ultrastructural features of
human spermiogenesis. Z Zellforsch, 98: 477~
505.

Kurohamaru M, Kobayashi H, Hattori S, Nishi-
da T and Hayashi Y(1994): Spermiogenesis
and ultrastructure of peculiar acrosomal for-
mation in the musk shrew, Suncus murinus. J
Anat, 185: 503~509.

Leblond CP and Clermont Y(1952a): Ser-
miogenesis of rat, mouse, hamster and guinea
pig as revealed by the “periodic acid-fuchsin
sulfurous acid” technique. Amer J Anat, 90:
167~215.

Leblond CP and Clermont Y(1952b): Definition
of the stages of the seminiferous epithelium in
the rat. Ann New York Acad Sci, 55: 548 ~573.
Lee JH, Choi BJ and Son SW(1992): Sper-
miogenesis in the Korean greater horseshoe bat,
Rhinolophus ferrumequinum korai. Korean. J
Electron Microscopy, 22(2): 97~117(in Kore-
an with English abstract).

Mori T, Arai S, Shiraishi S and Uchida TA
(1991): Ultrastructural observations on sper-
matozoa of the soricidae, with special attention
to a subfamily revision of the Japanese water
shrew Chimarrogale himalayica. J Mamm Soc
Japan, 16(1): 1~12.

. Olson GE and Wintrey VP(1994): Structure of

acrosomal matrix domains of rabbit sperm. J
Ultrastruct Biol, 112: 41~48.

Pedersen H(1974): The human spermatozoon.
Danish Med Bull Suppl, 21(1): 1~36.

Phillips DM(1974): Spermiogenesis. Academic
Press, New York, London.

Phillips DM and Bedford JM(1985): Unusual
features of sperm ultrastructure in the musk
shew Suncus murinus. J Exp Zool, 235: 119~
126.
Pl en L, Ekwall H and Afzelius BA(1979): Sper-
miogenesis and the spermatozoa of the eu-
ropean common shrew(Sorex araneus L). J Ul-
trastruct Res, 68: 149~159.

Rattern JB and Brinkley BR(1972): Ul-
trastructure of mammalian spermiogenesis. III.

-62-

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

The organization and morphogenesis of the
manchette during rodent spermiogenesis. J Ul-
trastruct Res, 41: 209~218.

Sandoz D(1970): Evolution des ultrastructures
au cours de la formation de I'acrosome du Sper-
matozo de chez la souris. J Microscopie, 9:
535~558. .

Son SW, Lee JH, Choi YM and Jeoung YM
(1994): Spermiogenesis in the Korean cat(Felis
-domestica). Korean J Zool, 37(3): 416~427(in
Korean with English abstract).

Son SW and Lee JH(1995): Spermiogenesis in
the Korean striped field mouse Apodemus
agrarius coreae. Korean J Zool, 38(3): 395~
404.

Suarez-Quian CA, An QU, Jelesoff N and Dym
M(1991): The Golgi apparatus of rat pachytene
spermatocytes during
Rec, 229: 16~26.
Tanii I, Toshimori K, Araki S and Oura C
(1992a): Appearance of an intra-acrosomal an-

spermatogenesis. Anat

tigen during the terminal step of spermiogen-
esis in the rat. Cell Tissue Res, 267: 203~208.

Tanii I, Toshimori K, Araki S and Oura C
(1992b): Extra-Golgi pathway of an acrosomal
antigen during spermiogenesis in the rat. Cell
Tissue Res, 270: 451~457.

Tanii I, Araki S and Toshimori K(1994): Intra-
acrosomal organization of a 90-kilodalton an-
tigen during spermiogenesis in the rat. Cell Tis-
sue Res, 277: 61~67.

Toshimori K, Tanii I, Araki S and Oura C
(1992): Characterization of the antigen re-
cognized by a monoclonal antibody MN9:
Unique transport pathway to the equatorial seg-
ment of sperm head during spermiogenesis.
Cell Tissue Res, 270: 459~ 468.

Yang BG, Jiong HD and Koh HS(1991): Sperm
morphology of two species of the Genus Apo-
demus (Rodentia, Mammalia) in Korea. Korean
J Zool, 34(1): 59~63.

Zaneveld LID, Polakoski KL and Williams WL
(1973): A proteinase and proteinase inhibitor of
mammalian sperm acrosomes. Biol Repod, 9:
219~225.



Figs.

FIGURE LEGENDS

1-9. Electron micrographs showing the Golgi, cap, acrosome, maturation and the
subsequent spermiation phases during spermiogenesis in the Korean Red-backed vole,
Clethrionomys rufocanus regulus.

Fig. 1. Electron micrograph showing early Golgi phase. The well-developed mitochondria(M)

Fig. 2.

Fig. 3.

Fig. 4.

Fig. 5.

Fig. 6.

appeared in cytoplasm of the round spermatid, and acrosomal vecicle(Ac) was not yet fixed
in upper on nucleus(N). Note chromatoid body(Cb) lies in form of a coarse network in the
vicinity of the nucleus, and the two centrioles(C) lic in T-formation far from the Golgi
complex. Fg, flagellum.

Electron micrograph of the late Golgi phase. A large acrosomal vesicle(Av) fixed to a recess
of nucleus(N). Note the migration of the chromatoid body(Cb) progressed to the back side
of nucleus. and, the concetration of chromatin granules(Cg) in spermatid nucleus. Remains
of the Golgi complex(Gc) and mitochodria(M) are seen near the the acrosomal vesicle(Ac).
Ag, acrosomal granule;.

.

Electron micrograph of the early cap phase. The acrosomal vacuole(Avo) spread outward
from the anterior pole of nucleus but acrosomal granule(Ag) was not flattened. Cg,
chromatin granule, Gc, Golgi complex; M, mitochondria; N, nucleus.

Electron micrograph of the late cap phase. The acrosomal vacuole(Avo) spread over the
anterior one-third of the nucleus(N). Note numerous mitochondria(M) are seen in cytoplasm
of posterior pole of the nucleus. Cg, chromatin granule.

Electron micrograph of the early acrosome phase. The acrosomal vacuole(Avo) spread over
the anterior a half of the nucleus(N). Especially, the condensation of chromatin granules(Cg)
of nucleus had better the early acrosome phase more late cap phase. Note mitochondria(M)
of anterior pole of the nucleus is shifted to perfectly the posterior parts of spermatid
cytoplasm. A, crosome;

Electron micrograph of the lete acrosome phase. The proximal centriole(Pc) is seen in cross

section. Note the appearance of manchette(Mc) and nuclear ring(Nr) and elongation of
nucleus(N). A, crosome.

Fig. 7(a-b). Electron micrographs showing the maturation phases. a, Electron micrograph of the

carly maturation phase. This phase had better elongation of nucleus(N) and acrosome(A)
more than the early acrosome phase. The nuclear ring(Nr) is seen in the central part of
nucleus. Note the appearance of annulus(An). b, Electron micrograph of the late maturation
phase. The chromatin is further condensed in coarse granules more than the early maturation
phase. The nuclear membrane(Nm) is surrounded by the microtubules of the mamchette
(Inset A). The subacrosomal space(Ss) containg dense material contents is located in the
between nuclear membrane and acrosome membrane(Inset B). M, mitochondria; Mc,
manchette; Se, Sertoli cell. (A, cross section; B, longitudinal section).

Figs. 8-9. Electron micrographs showing the spermiation phases.
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Fig. 8(a-c). Electron micrographs showing early spermiation phase. a, Electron micrograph showing
the A-type spermatid. The head and middle piece of immature sperm surrounded by
cytoplasm Sertoli cells(Se). The spermatid contained cytoplasmic droplets(Cd) in the neck
region and middle piece, and the mitochondria was irregular, and arranged around the
axoneme. b, Electron micrograph showing the B-type spermatid. The spermatid contained
cytoplasmic droplet in the middle piece(Mp) only, and the mitochondria are arranged the
center of axoneme regularly. The annulus(arrows) has reached a position at the beginning of
the principal piece(Pp)(Inset). ¢, Electron micrograph showing the C-type spermatid. The
arrangement of mitochondria was regular, and was contained cytoplasmic droplet in the neck
region only. The basal plate(Bp) is in contact with the segmented columns(double heads) of
the neck region. One recognizes 10-12 segments(Inset). A, acosome; Rb, residual body; Spt,
sperm tail.

Fig. 9(a-c). Electron micrographs showing late spermiation phase. Only the sperm head(small
asterisks) was surrounded by cytoplasm of Sertoli cell(Fig. 9a) or the matured sperm(large
asterisks) just before the spermiation from the cytoplasm of Sertoli cell(Fig. 9b, c).
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=Abstract=
Spermiogenesis in the Red-backed Vole, Clethrionomys rufocanus regulus

Sung-Won Son' and Jung-Hun Lee

Department of Biology, College of Natural Sciences, Kyungnam University, Kyungnam 630-701,
Korea

To examine the process of spermiogenesis in the Korean red-backed vole, Clethrionomys rufo-
canus regulus, the seminiferous epithelium in the testis, was studied by trasmission electron mi-
croscopy, and the following results were obtained based on the morphological characteristics of
cell differentiation. 1. According to the fine structural differentiation, spermiogenesis was divided
into Golgi, cap, acrosome, maturation and spermiation phases. Besides, these phases were sub-
divided into two steps : early and late phases respectively. Thus, the spermiogenesis of Clethrion-
omys rufocanus regulus was divided into a total of ten steps. 2. In the changes of the chromatin,
the chromatin granules began to be condenced in the late Golgi phase, regularizated at ma-
turation phases, and a perfect nucleus of sperm was formed at the spermiation phases. 3. The
sperm head had the falciform, and the formative period of sperm tail began to be develop in the
early Golgi phase and completed at the spermiation phases. 4. In the morphological features of
spermiation phases, the spermatid of early spermiation phase was divided into three types : (1) A-
type spermatid contained cytoplasmic droplets in the neck region and middle piece, and the mi-
tochondria was irregular, and arranged around the axoneme. (2) B-type contained cytoplasmic
droplet in the middle piece only, and the mitochondria are arranged the center of axoneme reg-
ularly. and (3) In the C-type spermatid, the arrangement of mitochondria was regular, and was
contained cytoplasmic droplet in the neck region only. In the late spermiation phase, only the
sperm head was surrounded by cytoplasm of Sertoli cell or the matured sperm just before the
spermiation from the cytoplasm of Sertoli cell.

Key Words: Clethrionomys rufocanus regulus, Spermiogenesis, Spermiation, sperm head.
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