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ABSTRACT

Germ cell development and cyclic changes in the epithelial cells of the seminal vesicle of the male rapa whelk,
Rapana venosa, were investigated by cytological and histological observations. The process of germ cell
development can be classified into five stages: (1) spermatogonial, (2) primary spermatocyte, (3) secodary
spermatocyte, (4) spermatid, and (5) spermatozoon. In particular, four atypical cells (Type IA, 1B, 1IA and IIB cells)
occur among normal germ cells in the acini during spermatogenesis. Presumably, the atypical cells, which have
lysosome-like vacuoles or lysosome-like bodies in the cells, are involved in breakdown and absorption themselves
in the acini. However, atypical cells were not found in the epithelial cells of the inner layer of the seminal vesicle. A
considerable amount of spermatozoa are transported from the testis towards the the seminal vesicles until late
July. The main coupulation period is between June and July. The process of the cyclical changes of the seminal
vesicles can be classified into three phases: (1) resting, (2) accumulating, and (3) spent. Yellow granular bodies
are involved in resorption or digestion of residual spermatozoa.
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Ultrastructure of Germ Cells and the Seminal Vesicle in Rapana venosa
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AZ7HA] s gl gt 4257 (Chung et al,
1993; Chung et al., 2002) ¢} AAAE (Chung et al.,
1993), A2k (Middelfart, 1994, 1996), Atz g
(Knudsen, 1950; Habe, 1960, 1969; Amio, 1963; Spight,
1976; D'Asaro, 1966, 1970, 1988, 1991, 1993a, b; Le
Boeuf, 1971; Rawling, 1990, 1994, 1995; Harding and
Mann, 1999; Harding et al., 2007), A (Thorson,
1940; Staiger, 1950, 1951) ¥ A% ¥ (Choi and
Ryu, 2009) 7 72 A2 Swe] def] @ Ruzo] glon
I vl 25 (Habe, 1960, 1969; Kwon et al., 1993; Min
et al., 2004), Fe| (Lee and Kim, 1988), Aol #3te] oA
F3} 44 (Choi and Ryu, 2009) ©] RiE|e] 9l3 1 ulof
AstetA - Rt dRAez =of gt} (Yoon, 1986;
Yoo et al., 1991).
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Fig. 1. Anatomy of a male Rapana venosa removed from its shell. A, reproductive organ of male
individual; B, posterior appendage showing the gonad and liver. X, Y and Z denote the section
parts for research. Abbreviations: A, anus; F, foot; G, gill; GO, gonad; L, liver; MA, mantle; MO,
mouth; OP, operculum; OS, osphradium; P, penis; PA, posterior appendage; S, stomach; SC,

stomachal caecum, TA, tentacle; TE, testis.

(seminal vesicle) 22 o]5-3glt}, AAG Ul
SAZ2ES] He 724 EA ARG o S
Aok Z7 =2, Takahashi et al. (1972) 2 ol we} =
g ARG Fef x4 W= (1) S A (FA70), @)
S-II & (A7), 28| (3) S-III T4 (F=7]) o] 394
2 FEste] BAsIh

2 n

1. €442 71 R2] P L $)3] (Morphology and position
of the male reproductive organ)

o ¥3.F (Rapana venosa) < A-golAlo]c}l. 7|2 A1-¢-
e Rl o3l st A AES F 7hrte]
oA ER3h= A7) 57 (penis) o] TABFL GlEA]
of ol we} A R (Fig. 1A). A4v 54 WAd
o] updell AAxlsta ole 2 (B £3HA) 39| Al

HA %

1) 84 MAM=E HEYE (male germ cell development)
% st

HrzAe AARAslelA] Bstel v, Jrzd 9
Folle o2 Feldt ofe] /b ArAladEet Aed 2

AxAgo] Fao] o AvE o|F1 gtk

Aa Ul AAAE dEdAs R4, (1) ALAES, (2)
A1 AEARE], (3) A2 AEARET], (4) BAE7], (5) AV
o] 5 AR U 4 9glew, ARAEI]E oA 13F AEA
2719} 22 ARA|Z7|Z oA YEgleh

i

(1) ZYAIZ7] (spermatogonial stage)

AAAE7 AJAEELS FE ALLEE (testicular
acini) WellAl £ A2 Aol A8, & 7 ==
o] A7t S SAS 2ok AYAEE 27]9) A
S w2t 12} ALQA 2 23F AL EE T 5 QY
o} 12} ARAEES] AAL i 8.9 pm AR, Bk
tha eI Fo)qlth 14 AAEE & WS A v &
< A2AL 7Y & el AAEET) 8lad 22 22
el EAE0] FakE o] vyl Al LA E QXA Y
e oY e wEZ=eoe} 22 A¥Eo] WAEFHS 2
2t AAAEEL] AR 2k 7-8 pm A=o|T, ZFE vk
2 eRgolglon A7 Al2A oA E33ke AlE 27
AE2 1k ALAIE] A 2795 o2 AR
e, AnkA ez AAAEI] A)7]e sk ALIAEES]
Wk ol mlekalgitt (Fig. 2A).

(2) ARAE7] (spermatocyte stage)
AEAE AZA W 93k 2L HAET ARAE
9] 23} SAel wet Ho ARAZE A 14 AEA
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Fig. 2. Electron micrographs showing spermatogenesis of Rapana venosa. A-G, A, Spermatogonia. Note a nucleolus in the
large nucleus containing chromatin materials, and several mitochondria in the cytoplasm; B, A priamry spermatocyte.
Note synaptonemal complexes in the nucleus during the prophase of meiosis and several mitochondria in the
cytoplasm; C, secondary spermatocytes and spermatids Note the nucleus containing more dense heterochromatin
materials and several mitochondria in the cytoplasm; D, A spermatid. Note proacrosomal granules in front of the
nucleus of the spermatidand several mitochondria in the cytoplasm; E, A spermatid with proacrosomalvesicle near the
Golgi complex in front of the nucleus and two large mitochondria in the cytoplasm; F, A spermatid during
spermiogenesis. Note an acrosomal vesicle on the nucleus containing the nuclear canal; G, A spermatozoon containing
an acrosome. Note elongated nucleus containing the nuclear canal and an acrosome on the nucleus. Abbreviations: A,
acrosome,;AV, acrosomal vesicle; CH, chromatin; G, Golgi compex; M, mitochondrion; N, nucleus; NC, nuclear canal;
NU, nucleolus; PAG, proacrosomal granule; PAV, proacrosomal; PAV, proacrosomal vesicle; PSC, primary
spermatocyte; SG, spermatogonium; PSC, primary spermatocyte; SG, spermatogonium; SN, synaptonemal complex;
SSC, secondary spermatocyte; ST, spermatid.; SZ, spermatozoon
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¥7] (primary spermatocyte stage) £ 22} AXA|E7
(secondary spermatocyte stage) & WrSith ALAAE7}
TAREES AR 1A ARA 27} "o 13 ARAl2Ee] A7
o are FT7 pm AER ALYAES (KT 4m Ax) 9
A7 27] 1o} o Aok 13 ARAE] HE 35 pm
Azoln, o Yol AAUEs} = o 2o o]Pdun A
= kit 53], AeEd A7) ol 1Ak ARAE 9y
of| A, - A (synaptonemal complex) 7} &#3}]
ot 1 ArAlRr)ole oA Ao mlEEgole}t 2 W &
EEo] AEA YellA Ed3leld (Fig. 2B).

22} ARAE (secondary spermatocyte) = 12} AEAE
7t AsEE (Al 12589) & 3t 23 ARA RS} H 2
A AEATA] A 271 Aol F 6 pm Awold, o
Gele & o A B oldA BAL Baekdc
o AZlef ofe] A9 B EEelols} e FEE0| AT
HellA Edslslet (Fig. 20).

(3) AAIZ7] (spermatid stage)

22t ARAZEE A2 A5ELE AA ZAZE T3]l
o, old AAEE AH o]FAAA FAE FA7]9 &
el grstaleh. AlZA el el3 e v]EZ=g|olEo]
th E33ISIY} (Fig. 20). AAPHE 5 AAE #3370,
55 9 Ao £ o Aok EAA|e} 1 FHA &
H3l= A A # (proacrosomal granule) o] 3 Ao ol
Agte] Sd3Igion. & Woj= o7 N 3 w|EZ= o}
So] ol = o]Fslgit} (Fig. 2D). AAbHE & AAZ £3}
71ell AAATAE (proacrosomal vesicle) 7} 3 Zof 3
s, @ fow 279 FARE (ZHAFARS 4954
) o] & nf2 e E™islglow, ®at & Rloj= o] Z
ng2xgo} 2717 24T (Fig. 2E). I 3 HAAL L9
BoFE F 9 AAHL, ZoA, HFEALR EARYE (cap
shape) & YElIc} (Fig. 2F). spermiogenesis 37| WA
= APk Fek A e HA P2 AHA L] Al
Aok AR T4 Ado] £ o] A A=A A,
S 9 AR FEY] SAF s I EEEYok: W
2 5-0] =gk AFEE Aoglch

2 o

i)

(4) AA7] (spermatozoon stage)

ARk A S vkl F, gt AAbe] H2 F o] 2o
A A T2 olF AolAw, HAA (axial filament) & A
Ao 71 & o7 Zoj7it) (Fig. 2G). €53 AAbe] ol
¢k 50 £m AEolth FEILF ALLGSs FHIAAEN]
7oz HAstelny AU e (AAES] 74 AA, =
®2E) 7} o] 2 & /e HEY AE (Sertoli cell) T ol|A]
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Fig. 3. An electron micrographs showing spermatozoa and a
Sertoli cell of Rapana venosa. (A-B. A. Many ripe
spermatozoa toward the Sertoli cell. Note llongitudinal
sectioned spermatozoa containig an acrosome and the
sperm head near the Sertoli cell. B, Cross sectioned
sperm tail flagellum. Note the axoneme of the tail
flagellum composed of a pair of central microtubules and
nine pairs of peripheral microtubules Abbreviations: AC,
acrosome; CM, central microtubule; F, flagellum; N,
nucleus; PM, peripheral microtubule; SC, Sertoli cell;
SH, sperm head; SZ, spermatozoon).

A7 #2= 9k Sertoli cell (HEAE) 9 oll= vl
AT Fe) A iAEe] thEke R Ralsle] 3zl
(Fig. 3A). °l5 220 tee] AAgo] A2 745 4=
AR FAsE ols 24 -8 FAsIsa 3lo A=
of NEEMZENE dd=ds T WL gle e 4
Hlch Al AR dadS Acksb 9+2 X (Bl 14
o FA v} Tl 949 wHldwe] £3) & ek
Sl (Fig. 3B).

2) 229 Lo &85t HIFEMZEES (atypical Type
cells) o| &Eelet 7|s

¥ 55+ (gastropods) 5 2 7H#He] 7= Ant ofw
HFE (bivalves) & 22|, 444 ol AAFAAA F
v AHA EE0] A 7 AANEE Ale]ol|A] velta
S Alo] SolshA| th2t. o5 wAFAHE (atypical Type
cell) 5% Fretter and Graham (1964) 2] ¥FulHef we}
AN o2 AAs] st B, Ao v]AE Type 1
cell# ¥ A3 Type II cell & ZA F 7}A] 3oz 72
% 9l9lt} (Figs. 4A, B).
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Fig. 4. A photomicrograph and an electron micrograph of
atypical cells among normal germ cells in the testicular
lobules of Rapana venosa A-B. A, A photomicrograph of
the atypical cells among normal germ cells. Note
external features of four cells (Type IA and IB cells and
Type IIA and IIB cells) in the acini.. B, an electron
micrograph of the atypical cells. Note the fine structural
characteristics of four atypical cells: 1) Type IA
containing several lysosome -like vacuoles in the
cytoplasm; 2) Type IB having several lysosome-like
bodies; 3) Type IIA containing a clear nucleus and
several mitochondria and a lot of vacuoles; 4) Type [IB
containing a nucleus with a remarkable nucleolus and a
few mitochondria, a granule and vacuoles.
Abbreviations, GR, granule; LY, lysosome; M,
mitochondrion; N, nucleus.

(1) Atypical Type I A%

AAdn| Aoz v 43 Type I A 252 #3sle] v, 3
o] el moFo] A AV 384 Yk 152 Fx9)
715l wgt #HoAF B)AE Type 1A A ZE3} v]AE Type
IB AIZ2E52 7 7] 322 ohA] Al 5= i) (Figs.
4A, 4B). 4 ¥4 Type IA AZEL 2717} 14-15 ¢m
Axoln], vt oz EafAlEAY tha EWEsigich 18
U o]E AR5 AZAL dulEAlgle oFslA] dA= i
¥4 Type IB AIZEE 1 Z7]|7} 12-13 £m AHEo|ch
259 dx B AY v EYEsigith 2y AlEE
< supEAlel oFshAl A=t (Figs. 44, 4B). 18y
FHAAER Ao R Bste] B, v ¥ Type 1A AES
< 25 AEA el o8 A9 gag-ng FEEC] £93

(2) Atypical Type IT A%
sgarein| A ARlell A waslnle} o], v Type 11 Al
o] A5 ozt o Rk 28y Ardy W A
FA Q] AN ZEANA B A A B} o] v YA
o] @77} Azt o Zlrkh o]E AZEL 9F-EA w
% Type TIA AIZ} ¥4 Type 1B AZE %, 2714
o7 i3t} AL ¥ ¥ Type [IA AIEE2 3
°F 10 pm AEolw, snlEAel A G} 1)
Type IIB A 252 27]7} ¢F 8 pm Axo|W, sn}&
= o ZAA A= (Figs. 4A, 4B). °|5 A2
R A3 Type IIA AIZES] & ®r} 27]7} <7t A9k
. 2y B n| Aol A gl wiel o], B|A ¥
Type IIA AEEoMAME o|FAZnRIEAES 2H= 3 7]
2 9E e EAE Btk 183 olF AlEE AIEA Yl
ofg] Jfe] Z was mEZEeole} @ FEES 7PAth
A ALALDE U] vAY Type ITA AlE8} 8|43 Type
IIB AlEE2 vl 2 & o] & Sof 3138 ¢l& 7w
53], & wds nEzEeole) o o] FEE 18 A
A AHEE AZA ol FF35h o Axe AAPA
A A FdEt glovh, ARG SelAs vIAPAEE
o] A EdstA| ket (Figs. 4A, 4B).
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Fig. 5. Photomicrographs showing morphological characteristics of the epithelial cells of the seminal vesicle in the
male rapa whelk, Rapana venosa (A-D). A, Section of the epithelial cells of the inner layer of the seminal
vesicle in the resting phase. Note the ciliated cuboid cells with an oval or conical nucleus and the granular
bodies in the inner layer, and relatively thick fibrous connective tissue in the outer layer. B, Section of the
epithelial tissue of the seminal vesicle in the early accumulating phase. Note the small volume of spermatozoa
in the ciliated cuboid cells C, Section of the epithelial cells of the seminal vesicle in the accumulating phase.
Note a number of spermatozoa in the lumen covered by ciliated squamous cells; D, Section of the epithelial
cells of the seminal vesicle in the spent phase. Note a number of undischarged spermatozoa in the lumen
covered by ciliated columnar cells of the inner layer, and the remarkably thick fibrous connective tissue in the
outer layer. Abbreviations. CCC, ciliated cuboid cell; CLC, ciliated columnar cell; CSC, ciliated squamous cell;
FCT, fibrous connective tissue; GB, granular bodiy; IL, inner layer; N, nucleus; OL, out layer; SZ,
spermatozoon; UDS, undischarged spermatozoon.

S g A AARASE FHE od 22 ekt oF AR U2 AR fEA ke Ak 59, ade) 3

AL a1 hl
7 5% ARE gk ARG 39 AVAEES Hug  AnaA (granular body) 7F ARG IE ATAE A
AR FAaE gled, A A5 snksAded 24 A Jelld 3319t} (Fig. 5A). A4 FAGAE A&
QAR By BE QR4 98 G FA7] AL wEelsl 53] £k 249719 A7) Fol et
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@) S-II ¢4 EADA, accumulating phase)

ARG 271%2A| (early accumulating phase) ©f
AN EES YHAZER HlGHh oW AEELS T o
I AEA el T8 325 Yepiiu A AAE Al
R, AATEC] FUHoEA, AAEE TR W3lgl
t} (Fig. 5B). 1 ¥, AAe] F71547 AN = FHE
A EC] A W Sl Atk ARG 7] 54
7)ol dAEEe] HYATAEER Witk HHPALTA|
X552 =07k < 10 pmeoH, o7 7] s 2 BHEE ®
T 5 % 7M. AR 950 AARAEL gelth
(Fig. 5C). A1) SATAR] A4 A7} 4571l A
7] ol Yepsteh

o

(3) S-III &4 (hA A, spent phase)

o] T Felli= u-= 1| WEH AAE ofF AAT
W el A, ARG W] ARAYANEES A5
X AL o]F AEEE Zol7) oMtk AR 9%
A AAEAEL FA7E A FEAI (Fig. 50).
53], o] A7lell= AAE HEE] whitell 2522] A
A7 A W] AAE] AEA e Zdslsict
(Fig. 5D). AAde] wiAggAIQl A7) A4 iz} wn
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1983; Hodson and Bernard, 1986). 12|12 A2 AJefjo] w}
2} AlfeAE AWsAETe] A} k] AolE B
ol gloy Aoz WUE zo]lE Kol odsit
(Franzen, 1970; Popham, 1979).

=9 ARYEE YAE  (primitive type), HI
(modified type), %3 (biflagellate type), FE
(aflagellate type) ¢ 47}A|Z FE3}=d (Baccetti and
Afzelius, 1976), T+ 719 HARE 7IA= AHE 0| &3}=
Foll= AA (Corbicula fluminea) 3+ FAA (C. leana) ©]
QI FHEFP] &3l T2 AAFoA & 5 ok B
#9ic} (Kim, 2001).
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HE 555 @ELe 5) o AABAIEE A4ead
oA dejup=dl, &4 HellAe AdEd SANAANEE (
WAEE, AL, A2 ARAXE, BALE, AAE) o] 29
of Azhddslal gleom, o7l 4F7o wAFANES (¥
Ao Z atypical IA, IB, atypical Type Ila, IIB) S°] A
24 dellAl A Aolo] 38t glet o] AL U 5=
SoAE B = AR 53], dAlEE 5 UE E5Fel
A &g TEAARE S8 oAl A dAdeloh

£ AFA, B AFAELE F atypical Type ITA A L&}
Type 1IB Al 252 R g oy, AA]] AAle AR ekl
5% 013 ARl dside 1) $4e] #oistaL (Takahashi
et al., 1972), (2) 53 U Fol #AFE Zolghr Xl
© 1 (Fretter and Graham, 1964), (3) & 7}#] 7}e4S =
T+ Buslgic) (Fujinaga, 1985). & 2AlollA 223k #2
o °J3HH, atypical AIEES 44 W A YAA2E
Aol Al A Edsl, AR Helde A=A et
2 AFelA, AR Al A AR RS s T
ofg] 7N elag Roke] T} o /Y Blag k] &
A Eo°] atypical Type IA AEE F3= atypical Type IB A
359 AEA JYelA B ) duE F A
atypical cell& %, AA+= atypical Type IA Al X537} Type
IB AlZE0] A4 Go 34482 =3 (genital ducts) U]
AA FHEAY FEE Aoz FAHY 222 AAY Y
NAE olE AEE HAY & §lu, U AAE v
gk = 9l7] wjiolr}. o|¢} e A3+ Fretter and Grahm
(1964) 7} o2 AESF2] AAFAAAAANA Baugk Ao}
Aket ZAxel AZ=Y) Takahashi et al. (1972) £
Fujinaga (1985) + AJA71e] 724 w3} 5l 7]l o)

o]

P& o o L

7
Al vl gl ol ZAW LT (N. arthritica) 2| 73
5, AR WS AR ofe DAle] A4 i Tl
w2} W3 W AAZES Feiehd W3kE sl gk o
ghat Sk 53] AAE ARG el 43171 Al FA47]
(resting stage) ©| A= 4A| (yellow granular body)
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7} ARG WS AeAESel Yehd &, ol aAE AR
7} AAE7] AFERE 27)1%2)7] (early accumulating
stage) B %27] (accumulating stage) Abo]ol] Ale}H e
u o]E A A= wr] o]F, #&7] (spent stage)
thA] E8sigitty B uslgitt. ®3t Fretter (1941) =
Barcsinum undatum 2 N. lapillus®] A3 W5 A=Al
2o AEA YelA FA #4A| (vellow granular body)
5 A, oA &5 9 e AR 43t
(digestion) o F&£3 9L oty ®usgich 18n
Takahashi et al., (1972) & A+ Ruo|X N. arthritica
o] ARG W A AEe] AEA YelA E38s FAAHA
A= PJ4Z (lysosome) # A F2E 3l 9ok B1
sksict.

2 2AblA SR AR WS AR AEA e
FARH LA AL LD F FA7] (resting stage)
o} W=E7] (spent stage) ol UehaL a5 #2539l
k. ot Ade ol FAAPLAY Fxe 7|50l
Fretter (1941) ¢} Takahashi et al. (1972) ©] 1538 vje}
7o, mjtEdl oo AAE Fdt s AAEE &
3} (digestion) A7]7] 1A= “lysosome” 2} A7) 4A|
oF 2 FxEE0] Nk=A] Bey|e] Edske Aoex wd
=itk 18y o]F &Ae] el Tl AR E] A B
of gt & o AAg A7 FF ety A= vt
A SEEe] e Aaedsq HelA AAL v A4
Foz o]Fs AR} 75E UE ¥ 4 U £ o S
A7} = Ao A=k AaddelA AaEe] wiA
HA| F3F AL A7) o2 dgAEe] Hargh wpe} 3ro)
Hsteln EliE FEA e ol AR LAE] §
3, F4te] A3l vl AR A=Y v] e e
A Aaxgd W9 Sertoli cellEel iz dA] =3}
TEs Aeg FAH.

A= wolol] Al AAES Alstd vhe] AAEo] A
Aol Zrofsha] ok A H3l, FEolof o olEs T
FeFdE oz AFFe] HEAME AEEFY 5= AR
o] Ao ZeA £ FAAH LA} H3 F5 2
A23Fol o8 Jg8E 3k 7|Hew AdEH A -
9] o]l Fo A, WiSAHA Ee A5l AR E ] A=
I 717 FEE A dolE U glof, Akdel|A
A4 A o] A wig Fag dojeka A= A
7] ] SR F oolmislel E5R] A AE 27
Aoz zARRE A}, QAL sl AsAle AlVlE
F2o] FobA7| AFShE B AFA A LdojupA
U B oA Foll dojua glevl, o] Al7ledle Hel A=
ol AEAEFZEC] TR, st S kAol &
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A- A== A7)0
uh, o] Wi Ho|7} B3Egh A7]ells Akl W
AEE 29t} (Chung et al., 1993, 2002).
3 BEE57q BT E dnl o|visl| R} o] A
Al g Bl $Flolete sl r A R 2 1
olo]] JEgFE A W2 Ao B uslgr}t (Kinnee, 1963).

po)

2 o

¥ 315, Rapana venosa] 44 YA AxEHA=
7 Foll A== A AL T} 3] 4lo]o] o
g A7l 28shs vIAPAEES vAlTFRA R W3}
G, TS AL gl wE ARG WE AuAEES]
F718 wW3s A EA Bl o 2415k

RAAA L] Wil = AJA L), ARA 7], AAHE,
A2 o)A e, ARAEIE oA Al ARAE7] 9}
A2 ARAZZZ AL 5 9lol, T 5 AR 78+ A
drh. AAAQ] SAYAAEES F3o} LA b E 5
7 S5 AR ARl Zol7t diFF 50 pm A0
Rt AALe] v E AR kA (axoneme) 2 FHO 9%
o] w2 THEY T4l 18] vAaAER FAE] ok
5, 942 F2F o|F1 gtk 53], WY B57 T Eay
DB 15 Aee dYHer g onslFy 57 53
9] Aaiqd WelA AAFAAAA Foll AdA] AAAE
£ Abololl A F 4% (Type IA, IB, Type IIA, IIB) 2] 1A
HAEE (atypical cells) ©] 3 &8ss EAS Holn
st ol et AL U 5570 @A 259 5 &
ato] E88h= o9 AQl Folg "ozt & 4 gleh v
AN EES ARG o A F S AANZEE |

<

u

olds BAHA itk 250 @ A AR RS
dagmepe] TEEO elaF.mo 2AEE AE
H, o5& Aaaed ol d F3h 7 A4S Fel el



Ultrastructure of Germ Cells and the Seminal Vesicle in Rapana venosa

ol ArE A7l A=Y
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