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ABSTRACT

The Urechis unicincius sperm and spermatogenic cells prepared from the testis are
investigated to identify o-tubulin of axoneme microtubules using mouse monoclonal anti-
o-tubulin as the first Ab and Gold(10nm) conjugated goat anti-mouse IgG as the Ab
marker. The Ag-Ab reaction analyzed excellently the localization of o-tubulin and the
gold particles incorporated with the proximal and distal centrioles, manchette microtu-
bules, and flagellum. The gold particles can be also observed in the spermatogenic cells
while the cells are still in sperm ball which is composed of a somatic cell and spermato-
genic cells. The sperm ball is the functional unit of sperm production in U. wunicinctus
testis, The spermatids are developed from the spermatogenic cells in the sperm ball and
released into. the testis cavity through a cortical cytoplasmic opening.

The spermatid architectures are similar with the mature sperm of the testis cavity in
aspects of shape of discoid acrosome, degree of nuclear condensation and ring type of
mitochondrion. However, the distal centriole connecting with the flagella can be observed
from the mature sperm while the both proximal and distal centrioles reveal only in the
spermatids. The proximal centriole is dir’ectly connected with nuclear outer membrane
during the stage of nuclear condensation and oriented perpendicularly to the distal
centriole whose axis coinciding with the longitudinal axis of the spermatozoon. There are
indications that the distal centriole is intimately associated with the polymerization of the
flagellum. The manchette microtubules appear during spermatid development but the

" mature sperm have round head and no conspicuous middle piece.
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A X ‘E%E-tr"“ﬂ s HFFE o2: w2
Ex axoneme-Z A Fxzlo}
E $EE FEsE AE W
S HA3 1 dEe HRF
9 —,:‘}%ﬂ-?l’(Akowska et al., 1982; Hannes and
1992), o3} A3 FE (filter feeder)o)
7] (A%%)(Bradbury and Ohve, 1980; Hofmann
1991) ¢ d¥ A7) (B (Shin and

Foissner,

-Muenz,

Lee, 1997), TS T-45oA] 713 (5%) 9 AR
% A2 T4 9 5 A4 54 A2 5 54
Sk, o5& TASE TALRS BF ¥R 493t
o ol Aok AT B AR P TR FHE

, -%88 (tubulin)e] FAELLZ  FAslT
(Wehland et al., 1983; Raff et al., 1997) &3] £
=4 Az #H®2e nH4% (Warner and Satir,
1974)& FA3st= E13 (Gibbon, 1983; Philips,
1983)3} dynein A (Ogawa ef al., 1977) EA2 o
S A deEigd ol A FAAA o-,
-FEY 2ztel RpAE 9m st (Hiller, 1993;
1987). MEAA AAL]
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gt RS Aol B4 glolet olEdt wiAeAM B
dMe 4FY F-a-FEHe] AH FE ME
HEo| o-FEH FA-FA WA el sle=rt
dala L5553 ) TE B Aol 2
AEe7E HAe LA QY. £ 979 Ade
AFA F-o-FEA AE AR HAR o-FEH Al
of dl-3A WMol URL ole NE Az R
o o-FEHe] £ A a-FEAY A3HH
B3AE gujsle Ao A4

o] A Fol MNE2 A AANHMEEL 4AT 25
A 7] gl AMESL sperm ballg FAEE o]
sperm ball&o Al et e A FALA,
chette @ HE 5 4 nAaF F3 Fxo| Wz}
& #&F 5 9lde sperm ballZ ¢4 AAAHE
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man-

E3 9% A EeT A4 O AT 7
AEE A& E5 dddh 15 559 AAE T4
Tl AMEe FRAHLZ YA HAE FAEA
ST A XY FEAE AL AY 2AE YA
3l MRE AR A7) FASAZRE AAEE
ol Al oojet. JE AA HE w|A e A
of AAE} FEAZ dFd AUl dF FAL
A (distal centriole) &} Zo] #AH AL & FTE9
dleb AR Ao} o MMAMEE AH A& JA 3
A e B AEo|x 1 Wil o7 HA 2A 9
4 ANAEZE T sperm balls FAsE A
< Aolg Aol BRIE A= Z=Er AEdAM
sperm ball-2 AA}8] YA wheo]X ARf= o] LHEE

Hal® F A7) (testis cavity) A HE 23} oA
£ AXE Aoz Helxd AHaY AHsxd ukel 8-
o-FEH A ukss F YA EX A *o“’]?]'

et

g, ME] A8 WF JHES AR i 72
W37l Al AF7A] Ao EA7F 4EAl vh 9
gon] z-e AN EE ojd A7} HE2FE wAs}
I “AAg (storage sac)” o] AAHGT &L
Fo|t} (Gould- Somero, 1975). 2 A F7HA]
Agdeletn geiAl 7)HoA & 472 A} sperm
balle] ZA)7} g5 1 FZ2E ¢d $ glemz
A AL ded A" AAE ARG # ol
A QA 718, & AL AL #Y 4 ook

wEtr 2 QFoME NEANM AF7A] T4 3
of B4 gl A4 &gt &4 AAHE R §
312l 9]¢l sperm balle] T3, sperm ball WeijA]
o] A P4 A o2 B4 2=l A5 AR A
AFzd T3 978 AFAE Busax g o&
Echiuroid®] AA % axonemeS T4 FEH
o] A FF-a-FEAI FL-FA Beo] W& ef
Wi 2 YAk 4 A M2 (Ris, 1985; Yang ef
al., 1997) ] m|A| F23 ZdA 7FAIA (R &
AFstrzA 7Fsstsch

HE o ud

AFo A% AY Az F=FA RE (Urechis
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unicinctus)& ¢ AAE @d ARG FAE &
Hell A Fiiee] AAsgen F2 2~59 Ateld
AAE ANBE AL BE oS AP v
3 AL AHSstgeh ARAAAM wWgg AL ANE
o] 873 & A Holq EHAES T3l
Ao odf AEL A FA #Z Y AA
£ A% 717HEE Aol adE fAEE A &
A 55 FEs) Y8 5 A AgelME Shin
(1992), Kwon (1994) 2] B9} Ze] A3}t 7
ol A= Aoz Fagglch

Ak g FRL SR e A Gk el o
ez W of, $& 789 4 gididh Azel A
= R AYE F5L vt disi 249 HLE
A # s # PBSB (phosphate buffer, 0.1M; saline
0.15M; 1% BSA; pH 7.2)o]A A 3Hc). old
BSAE 9 AHzlste E£84#E BSA (Slot and
Geuze, 1989)2 AMg-3lgle}l. 712 A=A X axone-
me?] MM ATL glutaraldehyde 5 TA Yo wf
T dulsted A AA F2E RAE] oA
Axoneme®] Ao Wt ANAE HAs A -

A BEe FE] Aokl B3t ol B A
WYY AL ASDE De May (1983)¢] € A
$3g,

By 27 AETLE o] 27k o R
IRsHH. 22 0.1 M A ¢F Qo=
0.5% glutaraldehyde® %8+ 4% paraformalde-
hydeel] 4A)7F A8 F 2.5% glutaraldehydeel 2
AlZE, QlAl 91& folo 2 MH, 0sO400 247H9) &
Mz 233, AEe dEE TE AsTeE ¥
432 araldited] i e] 45°Cell A 447t F3HH 9
o ARE A=sle 7 dAAM AAE Rer] A3
o A%om 1587 94 BRIt ol 270
423e ¥ 2 A Fele A $AH%EE
o] Aol AR Ysteh AHTEY F-a-FEH
(anti-o-tubulin) W72 $¢] 12 34 F g3}
I araldited]] ¥Evjslgde}l. Bolck2 W23 22 v}
Woz ¥ulx)ay £ F 70~80nm=E 24t 3}
ek 2k H7 (nickel) gridsell #3313 10
% Hp0:2 #73}g 2] PBSBE. A|Z3 gelatin (pH
7.2)3} glycine 4422 A2)sglct. A2E PBSB

o A=3g F PBSBel| 1:1,000 &< 1:2 0000 3
218} monoclonal #-o~ FEH (mouse IgGl iso-
type, Sigma)& 1Azb F¢F Heldle] AA} A4
o] FEHA a-FEL C- w2 ©EA (tyro-
sine) A71& JAFHEF gt o] F ARE 43
MA3l3 PBSBe)| 1: 20022 3Asle] Z A9 =
EE 5.85%10¥%/mlE ZA3 Gold (10 nm) conju-
gated goat anti-mouse IgGE 1 A7t F¢ 2 s}ed
AEe] F dAE EA dQ. olF AEF PBSB
o AA3s3L 1% glutaraldehydes}, 0.2% OsOsof Z+
7+ 1 3¢ AP FR5E o8 W A3
ok, AHL uranyl acetate$} lead citrate® GA
#9.2m Jeol 1010 B AAdn|4 oz 3slgdo)

4 3
1. Sperm ball

£ APy A Ag7HA] ‘M (storage sac)” o]
gl dEa) Yoz re AMEe} 44 DA $A4
AN EEE FAE sperm ball®] Exj7} grEAn
BA o] 7]de] HAel Aoz HAAHLG. NEU.
unicinctus)®] Aoy 5 T 240] gloH] AH
9] STl dHT. HaE A7) 494 592
7HA AR YHA dem o] Fel= ez EA
ot AA717E AztEE 24l AR e AR A
SEF Ao HXd) weh el A ZA R
NH mE ARdME As ARE, Fao DY ==
3Zel M o2 A Ao A ML sperm ball
of AU &H, Az F AP wphyelriel el
AN wofat MEE AAAES AT FA)
A2 Ao Bsigon T8 &5 2%
ol EFaE FFol 4¥d AeIME in vitro 3
& AgeM Ak 84, dxe 4 58 Fo] Al
AA G Al FAHAS. ALz AR A
E A7ANAM A} AAe 2= 52 A=Er] A
ot AL vEA 4t

Sperm ball2 F2 A9 stZdM AT Fd
A Ze} G4 $4 BAHNER FAEHE 16X20
pme| FlFeldh(Fig. 1). AHES 3 (4.5%X3.5
um)E o3 7o ¢& ztew oA gAAe] dut F
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Seofl gl ok, AT NE RS
Ho] ofym] E3} AWpHo|gtn YZEHE 727} o
239 $4 AYAESS AAL Yol AEGoz
3R] 3Ag FZ<2 perispermatocyte space (3
pm~5 um)&off glen de &= Ax HA ¥
3}, FAAL A Fol st o A dA=
e = 9l9d (Figs. 2a, b). 8}¢] perisperma-
tocyte spaced]d F 70¢] AAE (spermatid)7} =
ZHE AtE ey E3] 8 e A4 FFY
8y 43 Ao d &5 949 AHAEA Ed.
FHYP L v AHEY e AX[NZ $FH
72 ¥w M EA (cortical cytoplasm)o] THH=
d, &4 AXAL g2 ofe g ofF F3ld
M E7} sperm ball®] AME2ZHE A7) (testis
cavity) 22 ReEHE 7oz dqld(Figs. 1, 2b).
AAZ7} Bejd AMEZACE 92 74 (lumen) 7}
HAHT o] Fel @2 A% Hej YErF dAFA
4L EAo FAHE AL Y + Itk

o]9} 3ro] sperm balldlAM: o2 WA DA &
A AAAEE] BRI o|F e ¥4 A7|7)
GHAA] AT TFFTEY Ao Aol
Hg3 U dAE FEE S g weEA Al
e HACE 243 AU 7, B FAL
AL AR Ao Az Ay 53 YANE
2 AM X (spermatid) & 3}913 sperm balltf¥-¢)
o}3 F3EA A& AEE FAsl A YA 2
2 352w sperm ball2FE £e|d An7te] AS
A gl #A]YY MEES YA EIHGT §F AL
o] APYolzte HA, FAIA T4 AZX 7T
So] $&33 HAL8lGU T sperm ballZ2HE P
F a7t fAHE AR Fol= o o] &&
H AE QX AHYE U7 dEelst AHY =x
+5Y AR} AaFANAM FEFHE AL Ad Al
ME sperm ball2FE BL7e2 FHE A7zt
dAEA] A 2 AY 2AEE % ez B
ol

Perispermatocyte spacee] = AAEQ AE 7]
T A, vEEE=ge}, 7% 9 @F FALA 2
2T dz Hue] Jd¥s #A e (Figs. 1, 2a, 2b).
Perispermatocyte space’} B2 HY7x] AAH X

Es

-

oA Hm AT A7} A
Bolth, w2 AN EAE sperm ball
Wel gleu} HEe or =
3% 4 ot ol B AYel FA-gA ug
Az F A&t AEE o-FEHY A7 FAFHE
24 3o g8 239 4 Ao (Fig. 3).

% 44z §30 AL

2. Xy F=

AA 3129 Aa7) (testis cavity)dlA 3 A
A= #HE 43 5y Y& 2 Ao AFAIG
(Figs. 4, 5). AA¢ v|EZ=gote AYYIH &5
g Azl A He ALz fAbE 7R, @Y FAa
A ¢} manchette wlH&H T2 Aol AFYS
715 9 AAH(ERY @ FARANE Fod $F
o ME 71 FAAA S F2HA] 43 manchette
vl & A (ER) o] obd Wy dF FALA
7} #aAdo

AP YA 7|4 FALAE JYt dAHT
nuclear fossavlel] $1A 3} (Fig. 4) % FA4A)
= Z7)eE nuclear fossa®lel mjEZ =g o} olefd
A E g ey Asxe et Azl 9L gt o
3= Aoz Raloh(Fig. 4). old &% FA&A
ol o] 100nm= o] £3] © 9742 arme] 34
Heol 1 Hejr} A4 (ER) L2 Ho|n (Figs. 4, 7)
o] armE @ FA14A ] Ul dAHE HE
e FzHoz UHg WAt e Aoz HAd
o] ¥ vy FALA L WY Aoz AAHA &
1 (Figs. 4, 5, 9b). 7]F¢ &5 FAAE M2
Z|Zro| 2 I FA LA = AR AHo HPA wl
gd9" Aoz Held Az Ho] AYHP A &5
He o9 A7l 718 FALAE dAste G
AAEE JoE Ho|3 AT} &Y AxAME
714 FAAAN ) RAEA) gon gF FALAE B
g 3o LA (Fig. 5).
AAE A HTFdA AFAT HAe F2 Y
HUER FAHIL ZFFTEANAM &7 Ux FH| W
A dsket (Fig. 5). #HA (2 um X500 nm) & %
2 Hol & Fo T el Y= perinu-
clear theca2A] ¥ FHHA (Fig, 3). FAL o
g oA FAG &AL FHehd Sl AF 200
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nm® A 7+4 (acrosomal space)o] 3AIE Huls
22 Y (EP) SR Holm HA EAL 3= v
7t FAEe W& dxrt ¥y 922 Uxst o
(Figs. 2b, 4). AA 7149 W2 A3 A 3
(acrosomal material)Z AH4A QT F722 F&
cord2A HA s} dA=HY F JHL 71} R A
9] Atolel] HAHY. 4 F 44 FERE TEE
o}

&Y A 99 FoF IS Xy W9 (K
AR AEZ Abold| M tH2] manchette A A To]
FREHL o= | EFZE= et AR 24" A&
B4 olt} (Figs. 6, 8). A (Botk) ME=- A o
Y &3 Ax, W= 9 Wy SF FALA I 5
22 Mol A&d AR R I = A
Rl AR gk 53] v]EZE=e] ol FoeM=
B} 459 o] AEA AR M n]EZ =g}
o} ofzte] A} EAE FEY 4 9o (Fig. 5).

nEE2=eol: o8 ZAEoA #AE o 140 A
52 HolW A& 2um Z (0.5umE F9}5 0.5
ume] 79 (A ZAH) 0] Qle 38 (BE) 3 ayx

= DA (tubular type)dl Aoz FA=o) (Fig,
8). o T HuE & A3} n|EZ =} Aol
nuclear fossa (580 X300 X600 nm)eo]® «7]o 7|4
FALA 7L 2251 ol9f A st DR FALA ) 9
Age), A= g8 FALA Y 974 EAL axoneme
9] #7-& 100 nme]™ #A LR WL 9+20]0}

3. #-FEd

(tubulin) a2 Mz}

C-2te] 241 (tyrosine) AH7]E Q14
3= A7) monoclonal #F-a-FEd (13 AN S A
3t NE (Urechis unicinctus) AA A 959
F-AF-1gG-F YA (10nm) 2 AT A= A
axonemed] ulAiHe EolHo g F Yy} EAH
22 AE LSS TN B3 F o- FEH
o] sivke A& Jehx 9= (Figs. 3, 9a, 9b, 9c
FaE). ZAY F YA AR F3A B F o
A o] e 9 ArjE A g2 5 s AR
AL 2x gAR Mg §Fodxe] AAA dx
o)A M Asl= %<} fish skin gelatin, glycine,
BSA 522 AelEe] 9] aldehyde’]& A|73}x

E B
a-F53

v BolA ubgo] 7tAE AIAZ HYPow v EolH
2 0.1% |3t Ro2 eyl

-EEdo| FAH W= sperm ball 7FAIE] Q)
29} AL7 AAle|M manchette WA &3
1 S FALA 2 HE Felifen 53
= oe e aBdEg & UES EXW
#3Y 4 ek Manchette S)HA%E &5
3 A dFeM #A He AL £ 4 U2
sperm balld]l AAE A3 A 2 B &3
ARl 1 F2s) 24D F WA BRE 4 9
et

of Aol A3 F A B A HE 1
109] A FE(1.17x102 YA/mD)elA 4 ngolr}
(Sigma) 1:2009) HHANE Auste] Fo-F2
o] AAHE ALz Beld 23y AFH F-o-F

=1

o

o sl

9 A EE B2 5 FHo|7t ol AL o}
ehdoh, YA eZ 1:1,000 =X 1:20002 FHHE
7b A Aol g T AL obd AL Ko}
B2 ¥R dgE FE 2oz Hed F 1

100022 X" A3 F-o-FEHY 5 4 BA
%2 axoneme?| mlMAaZe] 1F U= QA Ex3s
o1t 1:2,00002 348 A F-a-FEAA
t HRAA AR AR FATE HY ¥ o9
v A%, & FALF ‘;} manchette B4 4% Eof
M= A 3 A FE=7 @i

n &

of dATolA ARE-g A3 IgGl isotypedl mono-
clonal #-a-FEde] NE FEIE FolHez
AAF ¢ v A& EAFI e W FARF
29 A& 25 HFFEL AA A /\}°]°ﬂ 4~
A ve dodrhe AL F FEY FEH A AL
olo frAMde] gvle AL Yn|d 4 ‘}l‘:P. &Y
B A oo} el o FF AlelelA FU-3F
A whge] depte AL OE FEUAME Hud
v ol o) 49 gpioz st wiok AF A2t
AA AA A2 outer doubletel] ol kA <} w3
sl Zlo] #AF wl glewy (Weber, 1975; Harris
and Rubin, 1987) wio} P. tridactilis®} = AR A
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7 A A AL 2A9 wlA L] deted e
sttt AE B3d v} 9lv} (Gorbsky and Borisy,
1985). 433 monoclonal ¥-a-HFEHL 9 Byg
TE Y= F, UFe], HlM o-FEH C-UF
tyrosine %7} (Gly—(Glu)g—Gly—(Glu)z—Tyr)% el
Ashe AR Belr olF FA: ME fAlsle A
318 A wf§ B4 B2 B3y ul 9d
(Hiller, 1993; LeDizet and Piperno, 1987). o}3}
e WAL B ATINE BF AAL F340) 3
uhel sy FE e BF AleldMx vehtza A
I Aol 95 4 sisieh 9 ANE AR FE
ol w23t A 1x FA el A3 monoclonal ?j—a—
FERAF A2z FAd A4 F-AF-1gG-F- YA
(gold conjugated goat anti—',imouse—IgG)-‘Z] Hg- 2
¢ eulsted A% 2 A axonemes] FEo]
EAE F Y4Ae U224 axoneme FEHY FE
£ A 5 AT ALz AAHGR. 92 34
A-1g6-2 dabe] ¥%7b 1.17x102/ml o o
mouse IgGE 4ngd AN $ gl Aoz B3y
v} ¢]l 91} (Jahn et al., 1984; Piperno and Fuller,
1985) ol &9 A% NIE A3 2ol Ao
Shed FANTNE A} Eel AFE P Ao
Baldh, MEAAM F-a-FEAe st F YR
A H $91% axoneme?] v]AALBLE HE, 7]
B2 ZA44 2 manchette 2| AT SeogL
o FA ¥l 2L o- FEHEE NEY AL
RA AEelH F YA Bet gel B4 Hx Qo=
HEHA

Ngels A vhe} 72 Wt A 249 Aa
7} 93 A= sperm ballel Al LA g} Sperm
ball& AA Az A4 9ol @A AM T o
9 $A4 AAMER FAES. A EE 9 @
A7}A] sperm balle|A A#AF £33l sperm ball2
e e F ALA A 23 A E AAE
AR Hald o B3 AAL & &, U FAL
Ao 24, @R FALAY WY Y UE 4o T
3 Aoz A7Ed. detA As A A AT
= A dEs A4, £59 944, 149 g9 nEE
o}, o FA4A 9 Ry TF FEY A
o} v asle] FH-2 AHEA) Aok AE A A

490 Az ST $AA Al e WETe
E BuHE Zog Halh,
Age) A AMY W] wet W4T H34E

AE 1~2mm, ZHe] 4~5cm®] Pigo|t}, o] HA
ME2] oy FolA WA AR (A 7S
DA E A2 wEsr] Aol AAsE 75E @
e A (storage sac)” ol LdHS P

A AN E QA 7|Fo2A9 e Bag 7Y
ol B4 ¢lgich, o9 2 AAd wE A3F
3o} AAME 7| ke} WS o d Qe A
o2 Zadg. a8y o dATdA #EAH sperm

balle] EAZA AF7AA ‘Az oz G2 7)
Fo] Aite AL Bl F3 glon A YA

o] Ad AA 4= sperm balle]ghe AL 4
A4t ole oAF Sol A4 A% A ofH A

E2RE A4 AAAZIL BAST AR @A

2 AT F AR ) ARD F A AN )

28k B3 (Gould-Somero, 197523 #%3

o SAAME $A8 A2E AX AR} wA g 7
olehs 33 Abo|g Aol o] AFelAE A

29 A7t A9l sperm ballZ3E WAse] 4

Aueld 44T 2R3 F A wWEEE AL

BeiZ3 glch W ABeME § Fhdr g2
AE AT Qe ANANE AR w2 dA7} @
A3 2G4 dud o5 feld dsted: ¢

o2 Q37 WY oz 4z,

Age Azt o2 B9 FRAE AAHA ¢
gkom sperm ball® FAE F o= Axs
22 HEA] dev} Sperm balld HAE FAE
£ 9923 ofm 59 47} Felgel YYIx
Aoz F=Hd. 3} sperm ball (16 X 20 pm)-&
AMEL] =7] (~3um) 2 perispermatocyte space
(4pum)E 7hested o 30~40709) HAE AAE 5
gl= o2 Ho|l} sperm ball®] FA L4 AA
T2 75 oA A=A YA g4k o] AxE 1F
22 FEL Sertoli AE 5 FEMEL FAEE 75
S 7= oz Az gutxdes ge A4 V)7t
el oJof B4 TFS 3t AAM T ANE AL

(B orlo oo ki P
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oo W33l =9l gap junction %X cytoplasmic
bridge &°] #FHA 4T stk AHze] L &
Wiy o NE A7) HEL A dEEA] g AL
2 BolN 4% TF F AAAE e "oz 4
< BEes 7)sEos Z1AH 7lse] 23 o]2A
o E 713 F2RAeE dAEHA g AaddM
HH ez AAE A3 S e A2 4
Z+E 5+

Urechis caupod A BE A3} in vitro $4 A ¥
AME Hd YoM Eelg FA7 24 5
= A% AR 2ad 8k 9)e (Gould-Somero,
1975). Jung 5 (1989)2 /HE AHi AelA AT
AR MGl 2e)gt Fabs} v @t FAe] ¢l
Holgd 2t o] 5o] sigel AFepH st +EAHL
et s AL 3 v ooy £ dFeAE Aa
9] sZeA Eeg AANME Fda G sle
Heg #AHG, o I4L ¥ CO: ¥4he2 pH
7.2% #FAY AR X @ CO; £33 pH 8
o #fe] x=2HUL o LA Nar/H o] 29
oo Z AHAte] pHrl 7.60.2 W=z H TFE
%7}8k ATPases} 243} (Christen and Dixon,
1983; Bibring et al., 1984; Clapper, 1985)F+= #
2.2 oA glont gAML ofF HeHoez 3
7} $AEA 42 AL 850 AANME 0|9} 2
o] dejrte e £ & sk AL 39 A
AH= sperm ball2F-EH & #d A F9 HAegn &
£ QL o]E9 7|F 9 4F FALH L man-
chette w42, Wy < FALAY 59 o)
W3 FA-3A ubgA e wATER £ 9 of
A A e gl Ay gaEgdch 23 o
oAl At el W WIS puksla oo B
< 4+ T8 BEA e 252 3% A 9%
A Yo} oo pulE= 5 J|TFE 9] Yl
I & 4o AE ALY M HH A
AellM el o] sipel AFapd FA o] glont A EA
o AX nEgEeele] el HA 28] W
P 22 Kol A 7o) opyl A4 & 7
dME T FHo| A& AAEG A3g HAoez A
Z+-E 9ot

Axoneme B|A|A#2] wjd 3} manchette v]A|A

& 9 TF AR FE FRe|EE (Witman et
al,, 1978) &2l AAL eyt 4=zl 53 35 F
£ A% AAed vlzgs o A A7) =24 4
& Aoz AZde AE Fo welel o AFye|
ol I F3Jel A (Fawcett ef al., 1971; Fawcett,
1975), wEZ=eolrl 33 (FHE) =& dubgely
47} A& 7 (Longo and Anderson, 1968), fibr-
ous sheathZ 7rA] ¢+ 7 (Philips, 1980) - A
F & LRFY AS A vuP s o 3] A=
b @ Aoz ARG = 3 4] oj| A7)
| manchette v]H|A o] Z83l o] Azl H&
YR WYske 715 gy Aoz A4Ed
a8y st WAY =7) (Franze'n, 1983)ut X4
w2 =% x}o] (Russel and Peterson, 1983), actin
9] 8 2709 HA 744 (acrosomal space) F4
o2 AL FeART 1 ol A3 FAAY @
§F FAAZE & sy 71 FAAACE e
AZ" 7 282 ARI; S FAA 94" A
(Tiley, 1978) 502 Holy I3 $EHc: 3
&% (Sato and Osanai, 1986)¢]1} QA 5-E (Hodg-
son and Bernard, 1986)¢] AAE 2+ Ao 47
Aok ¢80 BN A (RS FejzrE by
o @4 FA2A7 71H 44 (basal body)d) 71%&
ZH=R)9] o] B obAl whElA gl g

g2 E

1. BE-(Urechis unicinctus) B2 A A9 o
2 7]+ sperm ball WA 8= sperm ball-&
2 AN Ze} o7 A9 FA ANNZE FAE

2. Sperm ballg FAEE A XL A F2E B
olAl MM XS 7] Bt 71AHe 9EE Sk
AL ¥y

3. AMNE 73 o G FANA 183 HEe
WA AN E7) AMEY FERAHR QoH] S
o A ZED o= a-FEHe 7 FU-3dA-F
7L Ay o3 mA) FEH o2 FEH

4. AR AAE e o] d= A (B
B)ela nlEZ=elole &3 (BE) oW ol F9t
nuclear fossa ZA] A Ao wel 7¥ g o
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FAAA T Wy - FALA £

5. AF7HA “AAg"olztm 4Rl NE] s)H
sperm balle ¥ &8} o]E sperm ballE2XE A}
7t JAHER AAE AT BT ohe Hhe 7
T2 2 AL #Y ¢ 9ddeh
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FIGURE LEGENDS

A, acrosome, AS, acrosomal space; DC, distal centriole; F, flagella; Lu, lumen; M, mitochondrion;

Mt, microtubule; N, nucleus; PC, proximal centriole, PS, perispermatocyte space; S, somatic cell;

SN, somatic cell nucleus; ST, spermatid; Asterisk, cytoplasmic opeining; Arrow head, gold particles.

Fig. 1.

A sperm ball prepared from the distal portion of U. unicinctus testis is composed of a somatic
cell and spermatogenic cells of various developmental . stages. A cortical cytoplasm of the
somatic cell has already been disrupted to form a opening (asterisk) through which spermatid
can be released into testis cavity. Bar . lum.

Fig. 2a. The spermatids develop in a perispermatocyte space (PS) which is formed mainly at the

cortical region of the somatic cell. Bar : 1um.

Fig. 2b. Va_rious developmental stages of spermatids in the sperm ball. The spermatids develop, divide,

Fig. 3.

Fig. 4.

Fig. 5.

Fig. 6.

Fig. 7.

Fig. 8.

Fig. 9.

‘differentiate in the perispermatocyte space and eventually are released into the testis cavity.

The' shape of acrosome is discoid with a central hole which is continuous with acrosomal space.
Bér 1 lpm,

A gold (10 nm) conjugated goat anti-mouse IgG immunoreaction against e-tubulin of axoneme
microtubule of the spermatogenic cells. The gold particles (arrow head) are incorporated with o-
tubLiliri mainly on the flagella and distal centriole of the spermatids in the sperm ball. Bar : 1
um,

An intermediate stage of sperm development. The typical features of this stage are the massive
and- gradient acrosome, granular nuclear materidls, proximal and distal centrioles. Arrow
indicates the nuclear outer membrane connecting with the proximal centriole in the nuclear
fossa. Bar : lum.

A mature spermatozoon prepared from the proximal portion of testis. The gradient acrosome is
discoid with the acrosomal space (AS). The proximal centriole could not be observed at this
stage and the distal centriole remains at the basal part of the flagellum. Bar : 1um.

Marichette microtubules appear in the vicinity of the nucleus at a developmental stage in the
testis cavity. But the rather round head of the mature spermatozoon led to the suggestion that
manchette microtubules are not the same in function as seen in mammalian sperm. Bar : 1pm.
The 9 branched arms of the distal centriole can be seen during the polymerization of flagellum
and there are evidences that the sperm flagella comes from the distal centriole. Bar : 500 nm.
The tubular type of mitochondrion of U. unicinctus is one large ring form at least once during
the developmental stages. Bar @ 500 nm.

A gold (10 nm) conjugated goat anti-mouse IgG immunoreaction against o-tubulin of axonem
microtubule of mature sperm prepared from the proximal portion of testis. The gold particles
(arrow head) are incorporated with a—tubulin on the manchette microtubules (9a), proximal
and distal centrioles (9b) and flagellum (9¢). Bar : 200 nm.
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