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ABSTRACT

The spermatogenesis of korean leech, Whitmania edentula was observed, using both
light and electron microscopes. The spermatogonium and maturing spermatozoon are
connected with long cytoplasmic process to the cytophore, which supplys nutrition to the
germ cells and supports synchronous maturity. The truck of korean leech is divided into
three regions; a long ladder-shaped acrosome and head, long middle piece and long tail.
Long head region twists to the dextral helix, and nuclei are surrounded with microtubules
(manchette).

The nebenkern formed with long mitochondrion exists in the middle pieces, and a long
tail of Whitmania edentula (9%x2+1 axoneme) differs from the 9x2+2 axoneme of
Rhynchobdellae. The late cytophore is mostly formed with crystalloid matter and a

number of lysosomes, and matured spermatozooms are engulfed into the late cytophore.

Key words : Ultrastructure, Spermatogenesis, Leech

I

Ao A7 2L AR A A
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2R HALZA7A B FE2ES T dR=Hx

I & ARl & FYA EAE ANE o
+ axial rodE A Iz RaH (Fernidn
dez et al., 1992).

Harant$} Grasse (1959)= Rhynchobdellidei] 4]
AAF (antrium) 9 F+25 W3, AY (Spermato-
phore) 3 AAFe] LA 54 dAE A3
SE 9ok,

Ferndndez % (1992)2 T2 E Awe] (Haemen
teria depressa)® Zé"ﬁ‘(Spermatophore)—fj— Aol
lem Ax Aol 71 F2F e & 332 gloen 2
Zolle W A4 FHE /M5 A} A9 s =
g Aol AAE ol AA 2t EEF
7 Wl $HIR AL HAs EHE ke W4
9 Aoz #AEA.

ool & AANE HAMEZA S B %
A PARE AgoE BAYARYE FAA o
u]

T3t o A3E

3 DR & YL

2% Anolie] dFAs)
Saatet.

Mz Y

19979 497 3¢ FAE TS £5d A%
oA FA B AN (whitmania edentula)
£ AAsle] AgAR $ukst F AP 8 s AH-EA
o}

AmEst 535 AL BA 7] Hste 30% 4F
2 o s 93 ¥ 5t TF FAd ALE def

W ohg, 2.5% paraformaldehyde-3% glutaralde-
hyde(J ArerZ89) pH 7.3)&ofof 2412t A1AH S
83 QlArgE8-9 (pH 7.3)2.2 534 33] AlA s
ot 1% OsOq (AAKEF89, pH 7.3)el 242 F3
A op £ AFEEELE 25Tt epon
812¢] Eualct, olo] ZubH#7] (LKB-V ultra-
microtome)E AHE-dted 1um FAS AHE HED
o] 2 methylene blue#} basic fuchsin®2 o}FgA
(o8} m-b o]FgHelztn A sjgled, Fea
u)7gel A Aget FHE Feld vg 2 E e
och. ZPAH-L uranyl acetate®} lead citrate®
olF AT F, FHAAAERA (JEM 100CX-II,

80kV)E HAslgch
Z =

%A A (whitmania edentula)®] BA)7) %<
B Ao Har 2o AL 3 6~10% HEA
EAe (Fo) we} ), 2 FHee 24 24
o 70 Fart EAse ALEAN FEoYc. B
Hu)|7 BN AR B o) e} A 4,—51
AApE o] MEFA (cytophore)el]l dAFH 9l o
A (clone) Hel 2 EA3pAA A<, w3l 31%1;}‘

1. %£7] 9 (early clone) I HAUME
(spermatogonia)

27 4FAE M EZJA (cytophore)7} BIEZH 7]
el o] Ayt 1ozl ozt ZEe mokg s g)
IR B2 A YA E (spermatogonia)Eo] F

) N EAE7E Tl °4€5]°‘] U=t (Fig. 1).
a7 "4'73.’4]"1 AAAZE = A=A o
MAES T e £ ?%‘ = 273 g
AR glslen, @A Fololl: vl
A T 9H9 A= 2333 AN A E9
R 9l 7o) A A6 Golgid 7t #ad vt 9l
o} HEAY o EEe g desdn FH A
AZA 93 & LM Ee dAFHYAT AEY
Aol A= et AL FEAZ e eI A
FANe g AXYAe 9249 7 AZA S
w5 9 By = Tej o] AYHAEZ A5
o] Jel= EAS ¥ o (Fig. 2).

2. O M X (spermatocyte)

H

2l 7
A
A4

o & dg

lo i l"_.i.., J}‘J

RAEAEE AYAEL T 3719 Rkl glo] A2
HlzstaA T A Peje o) diic. ARAEES}
3o Al sl 0124 olwl AMASe] Foloa] &

Aol AU} ¥ T PN E JASRSH 3
Jd*f’l 2 W3l A 4454715 el 2 A
sk gel AT S5 AERANA o3
golse) Q1T 2 gl 2 e Be A
ALl 243 AN (Fig. 3),
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3. £7| g% (mid clone) ¥ =7| MM Z
(early spermatid)

F7] ke 27 e 2l AZYA 5
ez 1 7= 27] A wE fF A
=} (Fig. 5). AEZAdE Z7] AHE (early sper-
matid)Se| 7he AZAE7] o& AgH] A
25 AelE QI (Fig. 6) AAZEY 2ok 2
3 gyl It EHFAR Eed 3 UK
ok o] Eeo] &AFA e A2 1 27} W 2
AEZS &7 FehF e 3 9lon dAL AU E
7h vhobA WA oA Rym, ANIA Yo g4
A 5ol 7 strtelo] e A+ (Figs. 4, 6, 7
and 8). =3 d F¢ AzALE w2 ARACL
FAH & /e 2 Nebenkernd A sy on
(Fig. 9), °l& F9el+= 3 A @38 #A27 &
g o] A wEd AUt ol &4 A% (mature
face) o|3AF (transitional vesicle)<ol= Az}
£Fe FHIL HA FAHo| doint: ddLr
(Figs. 8 and 10), AEAS stels A FALA
7t 283l 71 F42] 3Ade] A= 9l (Figs.
6 and 7).

4. 27| A (late clone)
(spermatozoa)

453x

F7) <dfA AXYPAE T2, F7] <A
A EZZA el vls] T A, o "é—% m—b o| ZHd Ao
4] £3] methylene blued| 7a4 9= =4 (Fig.
13) A=A fAdME 2 M B2 AAA
% E43 %3]]—’1\—54]54 EA7F #9€ ¥ ek °]‘:
< QoHA ¥ EAES A FAAIAG AE
AEE F5F E/ils}—— ez AZE 9 (Fig. 14)
E3 F7] kA FHeAM AR s AAEL A
+ A "—f‘ﬂ-‘?—%“]?fl—'f’—, AtetE] mofel AA e g
L2 o=z s ez me 9l (Figs. 11 and
12). dbd 4 % g /e ARAIR HAAEGEY B
ok el Z2A Eeiut A (Fig. 15),
9X2+1% /\]-(axoneme) e F9el d7d=e]
ot (Fig. 18). o9 F<d 53] & Efsix
AdE H¥4 (Fig. 16)9} 22 AE} (cristae) 7} g

H AAE 28 e FEES (Fig. 1D)E 2
ZF3)7} m) M 4% (manchette) 52 8% gl

5. MA9 e (wall of testis)

Aae Wy ARl v Rt chits o] R ‘41
HzAEo] o= TN FRFGYEE o]
o|FHAelA 53] methylene bluee] 7}3}A| %MEJ
= #AS ¥yo(Fig. 19). AAERA #FA=
23] &0 Fe2]2A YRS BE AHAY B E
of FaFHY e e Al AR vlA§
27b Bl EAE] A AE, As AR
Wi el Az g 23 gle 4 glgA
A&sket (Fig. 20).

I %

AL B wAHE (whitmania edentula)= ¥
719 2] & (Gnathobdellae) A= &3 (Hirudinidae) ol
%3l FEEAN BAAE (whitmania pigra)$t A
8% welt 294 wel ANHT Slx FEeleh

J

Amele ALEAdeEM, SAAAYRL LS
AGgk Fo) FHpol 4~6% =X 91044 A4 &
A gled, ol o 7-}71 I 7t qese

Z_  Euhirudinea® ¢}7} Rhynchobdellidel] &3}
Pisciolidaew} Glossiphoniidae: A} Zgrevt 7+
& o}7}olgtE Arhynchobdellid: F#te} Zgket,

B AR whitmania edentula® 1049 AAE
483 §le] Arhynchobdellid$} Zgten] £2 A
2 f2 ¢J4l9}. Fernidndez § (1992)-& Hirud-
inead| A Avel9] HFihe FHE $EIH oo AR
e FER FAHS T AR} Aoz o
A=o} QIAT, Hirudo medicinalis?l 7ol

&

AR FA U AL FADG AR RS T

Aoz dAdFe] qle] Amele Foll wepy 4 A
A7) 3to] hF3t F2E BT s
Haewmenteria depressa (Ferndndez, 1992)% Rh-
ynchobdellid®] Glossiphonidaed] &3l= £032
Hirudo medicinalis®}e 28] $AFHe] Zon A
o] 233 Aol ool AT 2L Ral AYBL
2 ool 4L glem 1¢ 44T o3 9
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o2 s

Fernidndez %(1992)% Haementeria depressad)
A} QA X (spermatogonia) 7} el FAFT o A
719953 g, o] Aol Damas (1968)7} Glos-
siphonia complanata®)~], O'Donovan® Abraham
(1987)¢] Placobdella costadlX A3 ¥l Y A
2ol AR AT g s, o] & A
Foll &3l ARAZIL MM A E7 2AFHE FF
A gel WE B F 3L RS0 $2203 9
ga. 229 MEE Mkl (pear—shaped cell) e
o AE F clonel2 et F AL QELIE 3l
Hirudo medicinalis (Harant and Grasse, 1959)¢]
Me 28 Z 256M E7l|, =3} Dina lineata (Bonet
1988)o M= 2° = 5164 E7)9) 7H2}
AN E (spermatid) S FAE v} gk B E 9\1\:}
_'IE]L]- whitmania edentulas 52 3 2 ’%_lﬁd o
My AaW el AR nA 27} EFTAE A
E F ARAZY EX7F ALY o8] R &
g v} QIR o] Bo] AYNEZAMY $2HAE
e 24 seld v ggls,

Damas (1968)= 9 4] Glossiphohia complanatasl
A we AANZES Agse] dx AZHA (cyto-
phore)7} o & o] AAAME T A47t ¥
ol AL AddlE dol EAshe 22 AEY
AZ YRgon Hasgd. ey 2 AfdM:s
AAMEL A AZFATL m-b o] FFAeNA F
E AA 9= AALuAE AHs AL A
A= Gl ofele FFH MEA/FS HE g
A=t

O’Donovan3} Abraham (1987)-& Pkcobdella cos-
tata®)l AAWAALE ARANESY FIFAME (vacuo-
late cel}® T4 #AT 8} gl 53| ARAZ:
s AHA e AFYEE F A ELV R o
FTEA L w8 EAHOZ o] Jephd v} glea
et 2o & APINE 2TAE AAURS
e AgERANY I} FERESAAMT FEE,
IEAZY YA Fol et dekEA e 99
o},

Damas (1968)% Glossiphonia complanatso] X,
I2]Y Patisson (1977)-2 Hirudo medicinalise] A

and Molinas,

A ZE A (cytophore) S An)

a7t Lol wWglE

¥ JH4 F2E(rosette FEE) ol Al ol
e YA ES ] AEYAS) Eoldlt EHE vieh

A AR, 2 AYAME B, HFds. o™

B o AAAES HEHAE
< AAME FFE FEFF olol Brp BEF o
2, =3 YA EY JASe® FAE T3]
9)8telal= AF A3 (Adiyodi and Adiyodi, 1983;
Roosen—Runge, 1977)7F 3L, AAe] Ao &
2EW 37) QA A8 28D 2T ) o
P2k AR A B AAEL o Fel T2 o
BEo] PAHTE= dF A alaiC}(Fernandez
o al., 1992). T 2 AFqNE Azt 449
Foll, F7] GHAY £a7 dolur] $A o AR
B9 BAAE) WA Lol Aoz BT,
Ferndndez 5 (1992)9] d72A3 e} @& Aol7} 9l
Ae2 Jehgoh =g AZRAE o2 58 7
£ sertoliM Z7} sl 75 9dad Aol
- él}i. 3lele} (O'Donovan & Abrah:am, 1987).

54 wnele JRMEN 27] YA E (early
spermatid)7} 2 o A At "1i'§}iﬂﬂ‘ﬂ a4
7 shbt 2 A A aske dA FAE 2
—*7}31-%’1‘4 =3 HEo HAE Golgls—’ri}ﬂ]ﬂ AA
237} §HY 2] AL AN o] A%
HRom 7] AAEAME G FHol delut
I AL Est F& 242 wsigo. 23 vAHa
FoZ o]Fo]xl RHAE (manchette)= b ALHA
22 HAMAE HAE FHURIL e AVIE
= ¥} ¢l=d (Malecha, 1975; Fernindez ef al.,
1992), Eol|dAI % B AF whitmania edentula®)
F7] BAEANME dulf ANA L] Fa FFe] o
AAL =L vl gA geld Rolgid.

2y 3 ARA FHANAM HHESY] EXe Y
3] #ql=gle}l. =3 Ferndndez 5 (1992)-& £7] A
AZAA HA7L PAE o A5 A AAA (ante-
rior acrosome)®} 3| (posterior acrosome)”} 7}
2 ygsed AR v 2 Ase ek T
A7b HA YAAGZ s

ol AR e 4R ke

o FFex A AR, ot o

FAoz 424 7

A Ay

3% 34
ul Awje) B}
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A2A 42 0] A0 54 Yepasie A7
= Ry® gJgltd (Fernidndez ef al., 1992). &
3 o]& AR AIFe HAg) A& x3sle 7] o
sk, @ A9 AYAZ THR, AW - FA 1)
T 9x2+2 B4z YAH, 2 ;e Fo2 T4l
dem 2 F weEle shede e Ay U
HE el AW AR (Haementeria depressa) <
dehd ASE Q9 stk S8 A% AAA
o] +5 3 AL singlee] Avt double E:
triple helix3 (Damas, 1974; Garavaglla et al.,
1974; Malecha, 1975; Wissocq and Malecha,
1975; Bonet and Molinas, 1988) % tlekst e &
ZA312 Q= Ha .

Whitmania edentulad Y4422 & £ AFqHE
A A7 A A8 & R4 JAYE e
o]&9 HAE 7 At Y| A= o] Melecha
(1975)1} Ferndndez % (1992)8] | FAzte} zgke
v, mgE FAEE A 9x2+132R #iA
Haementeria depressa (Ferndndez et al., 1992) %}
Piscicola geometra (Melecha, 1975)9] 9x2+23

SAbeke o Fert 23

z B

A A WA E (whitmania edentula)®) A
AFAARE AR Ao FA} Ade I&H
Aok, gEA A dAwE] FYAdEe gl A
ASL 27] 9 F7] A A EZHA (cytophore)
of ) MEAL T8 AAH gle] FUFHS EE
AsAAAE FALE 2T 471 ddeh 34
A dAME e AldhE] Zoke] 71 AA e waRy,
7l R el 7] mejdy § 3RELE Ui
T AN WY AR LA e gl
u] 4 &3 (manchette) S H3 YAFHE AT
et FHL g9 7 AFA7} nebenkerng 3
AR olslovt FutEn medglx] ok, mEe
Ar] 9x2+1 FALE Heleo, AR AnE)e] 9x
242 FAbke g3t 3] GHAE dEE £d8a
Ao AR £AER o)A glen, A5 AHAE
S B8 e X3 Zloz FEEHGH

&

Ho
rat

Adiyodi KG, Adiyodi R, 1983. Reproductive bio-
logy of invertebrates. Vol. II: Spermatogenesis

Chichester New York:
John Wiley and Sons press

Bonet S, Molinas M, 1988, Ultrastructure of the
sperm and spermatogenesis and spermiogenesis

Erpobdellidae),

and sperm function,

of Dina lineata (Hirudinea,
Gamete Res. 19, 177-190

Brake Z, 1958. Hirudo medicinalis spermatoge-
neze, Latv. PSR Zinat. Akad. Vestis 3, 99-106

Damas D, 1968. Les cellules germinales males de
Glossiphonia complanata L. (Hirudinee, Rhynch-
obdelle), Origine, évolution et structure. Bull.
Soc. Zool. Fr. 93, 375-385

Damas D, 1974. Etude histologique et histochimi-
que des glandes salivaires de la sangsue m dici-
nale, Hirudo medicinalis (Hirudinee, Gnathobd-
elle), Arch Zool. Exp. Gen. 115, 279-292

Ferndndez JV, Tellez V, Olea N, 1992. Micros-
copic anatomy of invertebrates, ed. W.H Fre-
derick, Vol. VII: Annelida, Wiley-Liss press
323-394

Garavaglia C, Lamia Donin CL, Lanzavecchia G,
1974, Ultrastructural morphology of spermatozoa
of Hirudinea, J. Submicrosc. Cytol. 6, 229-244

Harant H, Grasse P-P, 1959. Classe des Ann
lides Ach tes ou Hirudinges ou Sangsues. In
Grass P-P (ed): Traite de Zollogie. Anatomie
Syst matique Biologie, Tome V. Annelides, My-
zostomides, Sipunculiens, Echiuriens, Priapu-
liens, Endoproctes, Phoronidiens. Paris: Masson
et Cie Editeurs pp. 471-593

Malecha J, 1975.
spermiogenése de Piscicola geometra L.(Hirud-
inee Rhynchobdelle), J. Ultrastruct. Res. 51,
188-203

Nekhaev VM, 1957. The problem of the sperma-

[In Russian.]

Etude ultrasturcturale de la

togenesis in the officinal leech,
Zh. Obshch. Biol. 18, 208-216
Nekhaev VM, 1959. Annual developmental cycle



314 Kovean J. Electron Microscopy Vol. 27, No. 3, 1997

of testes of the leeches Hirudo wmedicinalis L.
and Haewmopis sanguisuga Bergm, [In Russian, ]
Zool, Zh. 38, 280-282
O’Donovan P, Abraham M, 1987. Somatic tissue-
male germ cell barrier in three hermaphrodite
invertebrates: Dugesia biblica (Platyhelminthes),
Placobdella costata (Annelida), and Levantina
hiersolyma (Mollusca), J. Morphol. 192, 217-227
Patisson CI, 1977. L’ultrastructure des cellules
seminales de la sangsue Hirudo wmedicinalis au
cours de leur differentiation. Ann. Sci. Nat.

Zool. Paris (12°Ser.) 19, 315-347

Roosen-Runge R, 1977. The process of spermato-
genesis in animals. In Abercrombie M, Newth
DR, Torrey JG (eds): Developmental and cell
biology series, Cambridge: Cambridge Univer-
sity Press

Wissocq J-C, Malecha J, 1975. Etude des sperma-
tozoides d’Hirudinées a l'aide de la technique de
coloration negative, J. Ultrastruct. Res. 52, 340
-361



Chang NS & Han JM . Ultrastructural study on the Spermatogenesis of a Korean Leech 315

FIGURE LEGENDS

Fig. 1. Light micrograph showing cytophores connected with the spermatogonium. Arrow, spermato
gonium,; asterisk, cytophore. Scale bar=10 um.

Fig. 2. Electron micrograph showing enlarged spermatogonium of Fig, 1. Arrow, mitochondria; Cy,
cytoplasm; N, nucleus; Nu, nucleolus. Scale bar=2um.

Fig. 3. Cross section through the early spermatocytes. N, nucleus. Scale bar=2um.

Fig. 4. Electron micrograph showing early spermatids. M, mitochondria; N, nucleus. Scale bar=2um.

Fig. 5. Light micrograph showing spermatids connected with the mid clone. Arrow, spermatid;
asterisk, cytophore. Scale bar=10um.

Fig. 6. Electron micrograph showing mid-stage of spermatids of Fig. 5. Arrow, cytoplasm; M,
mitochondria; N, nucleus;, open arrow, centriole. Scale bar=2um.

Fig. 7. Magnification of Fig. 6. Arrow, tail; G, Golgi complex; N, nucleus. Scale bar=2um.

Fig. 8. Electron micrograph showing spermatids containing well developed Golgi éomplex. Arrow,
plasmalemma; G, Golgi complex; N, nucleus. Scale bar=1um,

Fig. 9. Cross-section through the spermatids including the enlarged mitochondrion (nebenkern). M,
mitochondria; N, nucleus. Scale bar=1pm,

Fig. 10. Electron micrograph showing concentration of Golgi complex in spermatids. Arrow, acrosomal
formation in Golgi vesicles; G, Golgi complex. Scale bar=2um.

Figs. 11 and 12. Cross section through the acrosomal formation of late spermatids. Arrow, acrosome; N,
nucleus; G, Golgi complex. Scale bar=2pm.

Fig. 13. Light micrograph shows spermatozoa connected with the late clone. Scale bar=10pum.

Fig. 14. Electron micrograph showing spermatozoa connected with the late clone. Arrow, crystalloid
matter; asterisk, cytophore; open arrow, spermatozoon; Ly, lysosome.Scale bar=2pum.

Fig. 15. Longitudinal section through the middle piece and the end piece of spermatozoon. Arrow,
microtubules; M, mitochondrion; T, tail. Scale bar=1um.

Fig. 16. Cross section through the head regions of the spermatozoa. Arrow, nucleus; arrowhead,
microtubules. Scale bar=1um.

Fig.17. Cross section through the mid pieces of the spermatozoa. Arrowhead, microtubules; M,
mitochondria. Scale bar=1um. ’

Fig. 18. Cross section through the tails of the spermatozoa. Scale bar=1pum.

Fig. 19. Light micrograph showing an ciliated cell in the testis. Arrow, ciliated cell. Scale bar=10um.

Fig. 20. Electron micrograph showing an ciliated cell in the testis. Arrow, cilia; arrowhead, microvilli.
Scale bar=2um.
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