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8124t HIX|2h(Ruditapes philippinarum) 872 %

YMT - e YU
FUSL APy ot

=22k vl 2 Ruditapes philippinarum) 70 213k A o} 7)) H-& ojFslr] Al 7] 2
ol Y7o AHA HES ZARINTH vEAERS 19989 6UHE 197 HE 2FF EXTIA A3 st
Aol ARl Fdzt2ol ¥ 7S FusHy B PG5S A A% AYE 7R 59
71RHYE, AP T 28] 4§ HE fibrocyted] 3579 Aol gl FAAFE FRHUG.
Zu| 72 JH) o Ao EJozE AANIULT) & FE7F FAYFRYG 8 BUuY. T
T 2 A FE7F AEAU) AAs AT B A 4)2hE FAME zymosanS FAE
o] ¥ NxF 71 A2 HAHAUCH A2HE vlgelM e ZAHPIE $H7IEAETEY 2
H)$-S eI BAEE A9 gsix) gt 94l 7oA FE7e 4-790] BkeH 10~-12

ATy

ZAYTE 10-20%8) «22 vehdch

Foll HA vhepde) 7 Bpdel zAS

ZINEFA- T} 50-60%2 71 BT SAMIAHTFE 2540%,

Keyv words : Ruditapes philippinarum, Hemocyte, Classification, Granulocyte, Hyalinocyte

oo 3} F(bivalve)?] A= NLEAA=Z &
TFAE7}F AAelu 3 ohg BE R3] A}
o2 &83PHA A#|9] A|f(wound repair), 7z}
B-9(shell repair), FU¥Ee] 4319t ¥H(nutrient
digestion and transport) ¥ ©|EH S 32N

Aol g AAgole] Fa3% &S
3k ATH(Cheng, 1981). #F 7o EF=

ety MEsied 9 7153 BAHS 7EeR
granulocyte®} hyalinocyte®] 25F=E FE3IZ U
=6l(Cheng, 1981), THF¥o°]
virginica), 7V218|(Patinopecten yessonsis), LE5
Z+ v} B (Ruditapes decussatus), B X|(Mytilus
galloprovincialis), ' $(Mercenaria mercenaria),
\d & Z(Ostrea edulis) T4 P HS ¥
(Foley & Cheng, 1972; Bachere er al, 1991;
Tripp, 1992; &, 1993; Lopez et al., 1997A,
Carballal er al, 1997A), HHAgel A% dA+e
k.

upR|gke] FAEKIQL ABlQE Ajke e dF 7H
AR 5o FWsiE gz HAp) fEsEa
ded 2 Yo Z2ME 718SE?) Perkinsus sp.
(Choi, 1997; Choi et al. 1998)9] 7ol <l

Z(Crassostrea

'Corresponding author
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Aoz BasHelNT AW FEFH 87 B
oi7\3e] gaaAE AED v gtk

2 A7 wixgel W7ol g 4 o 7]
2 ojsialr] Slated @e) Bejers Sy 4
Hgg lgoz wxte ¥7E ERsn A4
¥ 87 249 WsE 2AIT,

ME W Uy

BiX|2}

19983 6¥FE] wlg wlX|BH(R. philippinarum)
& AR 2% 2¥)M AP vdEA ] B
o] AYAZ olF3ld siF= WS AMFHs 2 7
A3t ZbvE A R, 30 cmX 90 cme] R
ZAN et e ] AFFNA Al o)
22 QY 4 45cmE § }L E7)3HHA
25°Cell 2~347F &A% & ARSI

b}

Hztel] T AQdste] wpxigte] FajziZo] A
312 9kEE w7zt 233 ddsld szt
Z 9 z+Z(posterior adductor muscle) Y& HF
3led Davidson®oll 2417t I E T 12413
FAIBIAL el wet vkl HAHES weo] H-E
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N ¥ FAn|F ez P49 EA f5FE 3F
Sttt 7] AHE AshA Fehzi T 59
g 0% FFUVoE £5% v HEE 7 1
Ao e ol #F&ZA(Modified ant-
aggregant solution, MAS: glucose 20.8 g, sodium
citrate 8 g, EDTA 336 g, sodium chloride 22.5g,
distilled water 1/, pH 7.5, Bachere er al, 1991)
2 URE FA 1mie HF EEEEHFA 6
23G FARE FEBl #zte] 318 B3l T
Zh2of Adste] APt

SEHSIE 2N

vl g} quiE]of|A] e g wE] FH|s)
T FEpol=ZEl e AT T
2 I B o s Lol B KCRE R e 7 L=

T AREY 78 SEbol=Feklel F A2
FadAel Wol 25°CollA 3087 W% o o
HFAH89(0.25 um filtered seawater, FSW)E 1
& d3E AAY o 2.5% glutaraldehyde-
seawater © 2 5E7F 74 3 F Giemsadol 25
27 A3k 819 719 FeE 243190

FeA AFAS A3 = o Yo g AFHT
T8 MASY 1:3208 Ej3le] A& 299
AlEHHA7 13mm)ol &7 Pasteur pipette>Z
B &S vHEI RS F ERAEseA)
(Tomy Seiko Co., Japan)Z 800 rpm, 287+ A&
X sl EElol=Felel| AN o
May-Grunwald GiemsaZ A3l FslAv|4og
A3

Z0|MTxe| 2t

F7E MASHH 1: 12 EFsl] H& =9
g A3l &712 94+E2(3,000 rpm, 5 min)d}
o AFAE HE g, Y =} 6.25%
grutaldehyde®{ >} 1% osmium tetroxide® 02 A
A FIZE § L 01M cacodylate
bufferi 02 AHAAE 3t Fro HHRED
G713 RS HEHT 18 2% A VA
AT GEAEE 5 O AL A
AlBEAL 60°C, 3Y7F T8-S AAEAT Az
block-2 ultramicrotome(Reicher tultracut E, Leica
Co., Austria)2 ZHFH-E THE TR uranyl acetate
9} lead citrate®] ©|FBAE AN F FAAAE

Al

w74 (TEM, JEM-1200EX-II, JEOL Co., Japan)®.
2 zol7aE SS9,

AEg

qutE)e] vl AP FFE MASS 1:
39) vj&2 ERSly PrAEe R A5l ¥
o] FE7F 1X10° celymPt HEE 2T
1,200 rpm, 10 minZt Y223l MASE AATH
e oAAHFFFESW)E 71813 SH(Bachere et
al, 1991). FSWell 40 mg/mi¢] FEZ H7A17
Zymosan(Sigma, USA)S 100°CollA] 3087+ 718
g ¥ AMAAZ g B9 FSWol| AlF-F-A1A
WEA(20°C)ll Basl AREAlY] FSWE 3]4]
3l 2X10° celVmiE 2R3t H2E-FH(1X
10° celVm)3 Zymosan HEY(2X10° cel/mi)
7} 1 mie £33t 879 zymosan®] BlEo] |
:27F A g thS-(Bachere er al., 1991), X&)
F714 25°C, 3087 WHSAIA T wHg- § U
o] A& MASE H7isle whg-g AR o
1,200 rpm, 1087 94E3te 4L AAs
HF#el MASH AEFAA FFAEFH7IZ
800 rpm, 2W-7+ ALollM Y43l Eefol=Feks
o] R2AIZ] thg May-Grunwald Giemsad4)-&
32 FEtdv|g e g fRE ARG

AW 87

MASE WF-E A" FAPIZ 4vie]e] uix]
oA AYsld dej2 ZRHE Al $7 o
+ MASE MM & AR AESE
AF3ETt. AF & MASE 8438 o, H-54
EF37IZ 800 pm, 287 AHE] SElol=F
k2ol FE&A|F]1Z May-Grunwald Giemsa@23<
ArEATE. GdE 7S FeRAu gl T3t
A2 200008 ATl ZF o) 2L A 8
7 Fol ARehe 2 @79 %24 JeEhiID

4

o A

HREHE Alao] e 28ol7] wRo] FA17)
of 44 BENA Aol Brlssine ERE
A AYEE BT g5l Foae 2t
Moz ZAR} At Fig. 15} o djzkae) 24
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]

Fig. 1. Microscopic photograph showing the presence of hemocyte (arrows) between the muscle fibers and in the
connective tissue of clam (Ruditapes philippinarum). H-E, Bar = 0.1 mm

#o} APEA Aplde YPHEI) oo &
o glgo] AHAT}.

SEHSIE ZE

FH RES oA dujjges AAt A3
3FFY AEZ EEAY shke 13 um £
LY T B3 dlgoz Sy d¥ o
o] Jlon AxZe] upgZoz AFg Ui AN
t}. 9=o] Zole MEAS 1/3~12 AXES] Zo]

Fig. 2. Photomicrograph of living hemocytes of
Ruditapes philippinarum. ec: ectoplasm; en: endoplasm;
m: nucleus; ps: pseudopodia. (Phase contrast). Bar= 10

pm

2 u)$ BgslgkFig. 2). e she 94um
BEo 9% Ee g AR g 7L
Ao He AMEFS 3 Zo] HAHS UAXL
o] MEo] RS R3] AEZL o
Ron §i=Fe] wgo| vf$- w|oFsly Ho|x Fo}
T3] ol B9t BhthFig. 3). E e
Hejo] MEE 14um o] 2712 thE Ao
vls] =717F ZHew HEd Qo 33 FHEA
FX7t BEEE o] FAHoIULH, AFE
o ANAHFig. 3).

Fig. 3. Photomicrographs of living hemocytes of
Ruditapes philippinarum. c: cytoplasm; f: filopodia; n:
nucleus; v: vesicle. (Phase contrast). Bar = 10 um
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Fig. 4. Photomicrograph of Ruditapes philippinarum
hemocytes. 1. Basophilic granulocyte, 2. Acidophilic
granulocyte. 3. Hyalinocyte.. ag: acidophilic granule; bg:
basophilic granule;, c¢: cytoplasm; n: nucleus; ps:
pseudopodia (Glutaraldehyde fixed, Giemsa stain). Bar =
10 um.

A FERAME MEAW el fFol s
o] e A7 Aol Qe FAYTE 7
#o] HUrhFg. 4). AHTFE o 12~14 umo|™
AEAYe] e 7L Qe Aol EAolz W
P A¥Ae] FEo| Hsigon AP W
FAd] SR} g A= ESASA Wt
(Fig. 4). 155 Aoy N Ee B3
2 eistth. #ATE o 10ume] 7)ol ME
Holl= o] FEAEA FUTh W F 6~8 um
o] 7|2 4F T= dUYoINo(Fig. 4), AE
o) AT X AN, FAYT= FHF
o Blal 7t AYX Z71= HUtkFig. 4). FY
7 A G448 o8 IH A HT, T
4379 fibrocyteZ TEEAhFig. 4, Fig.
5). 3E718AE = o 12ume] ZU)o|2 AlEA
Well 54714 #A-de 7KK Ak e < 7
pme| 712 el E= g¥olqlon Axe F
Y B /PAEIZ HAEHY] UUTKTable 1,

94

Fig. 5. Photomicrograph of Ruditapes philippinarum
fibrocyte (Glutaraldehyde fixed, Giemsa stain). Bar = 10
pm.

Fig. 4). 3347 ¢ 14ume| 7)oz W
FAW 34 Y& 7R AU o) A7)
© % 7.5ume| AT A E HAEo
AN THTable 1, Fig. 4). Fibrocytex °F 16~17
pume| Z710|2 W HEFe FAXAo] T A E
B} "olHchFig. 5).

FRAXFH712 sefoledelle F2A 8
T& May-Grunwald Giemsa G243t 23, 397]
AAETe SAAYTE 9ES U B ¥
e A5 A WA F%en U ¢
Fefoll MEZL Ao gl Ho| A9 i
xR &t A ZA 9] Hl-go] v)¢- HATHFig. 6).

oz} o] FHMEE TUH B 23 n}
g e E79 2ot Axave Iye
F7ot G met Hyyet YT o
= AYte o] 397189y, AT
9} fibrocyte®] 3FFE TEEHOIFT.

g7 ZulHFR FFNN Y7 98 ®
© P9¥ol Y& 9% T g¥¥oiy HA
A7t 28 ¥ B Fo] EHolx, A

Table 1. Cell size, nuclear diameters, and nuclear/cytoplasmic ratio (N/C) of R. philippinarum. hemocytes

(N=50) (N=50) (N=50) (N=50)
Basophilic Gr. Acidophilic Gr. Hyalinocyte Fibrocyte
. 12.24£0.30 um 13.74£0.59 um 945+0.17 um 16.26 £0.83 um
Cell diameter (6~14 pm) (7~26 pm) (5~10 um) (12~20 pm)
. 6.80+0.16 pm 7.46£0.25 pm 6.56+0.09 pm 9.92+0.32 um
Nuclear diameter (5~9 pum) (6~12 um) (4~8 ptm) (7~12 pm)
N/C 0.55+0.02 0.54+0.17 0.69£0.01 um 0.6110.21
(0.51~0.58) (0.41~0.65) 0.62~0.73) (0.58~0.64)
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Fig. 6. Photomicrograph ‘of Ruditapes philippinarum
hemocytes attached onto a slideglass by cytospin. A:
adhesion part; AG: acidophilic granulocyte; BG:
basophilic granulocyte; H: hyalinocyte (May-Grunwald
Giemsa stain). Bar = 10 um.

Fig. 7. Electron micrograph of Ruditapes philippinarum
granulocyte. C: centrosome; L: lipid droplet; M:
mitochondria; N: nucleus; V: electron-dense vesicle.
Bar = 0.5 um.

Z, 9% ¢ A= Bao] HtkFg. 7). 3
e 9% Ev el¥olx 32 Iy uj3)
A3 L A glon AxLET} 2 ¥
= FHTEG HUou 2 Ay FESo| AE
2 el 28] ien = Ay 2Hh
EA7F AEF HellA BEHJHFig. 8). FFA
F 23 SUE A AAE[Y fibrocyter 9]
H RN e LA oYt

LT
3’4"‘&::"": U3 $5g 7T e ¥
E43l= zymosan YA = AAER] &
9&1, Fe AL FPFAME Fshs YAt

Fig. 8. Electron micrograph of Ruditapes philippinarum
hyalinocyte. GL: glycogen granule; M: mitochondria; N:
nucleus; RER: rough endoplasmic reticulum; SLV: small
lucid vesicle; V: electron-dense vesicle. Bar = 0.5 um.

Fig. 9. Ruditapes philippinarum granulocytes phago-
cytosed zymosan particles (ZY). (Glutaraldehyde fixed,
Giemsa stain). Bar = 10 um.

Folle 27t Wt 3 FAYTAE g2so] o
+ veksih. i WIA-FE 3971
ot @99 @45S 7K A} Zymosans
g3l Qe Q:IL——] 2 defe] Fed ey
o] ohd HA A H&=AckFig. 9).

i s 5

F89Fe €9 1m/T 1.2-2.1X10° cells7}
AN o APEEE 4-790] =4 Yo
9, 10~12€°] FHoA & Ao}, 2+ 7o) =
A& BW 39713-H 77} 50~60%, 3AMEHY
7t 25~40%, FHPTE 8~20%2 TE7NAEHY
79| Hgo] 7MY ggteon tgog TAYTY
T+, FHET $olAckFig. 10). Fibrocytes o
27wl YEUT



134 T - e

g

—eo— Total hemocyles
—o~ Bescphiic Ge.

4 —w— Acidophiso Gr.
W
y

Q/Q\Q/O—“‘—*O—O*—“_"—“\o—-c

\/v"*—‘—"‘*"'—‘_"”‘
/\_,WH

Mﬂa’l Aa'q 8ep Oct WNM‘F; Mer Alav May
Monthe

%)

-
2

ion of each |

Number of hemocytes(x 10 cetie/m!)

T rEXXE

c3B88888

Fig. 10. Changes in hemocyte number and composition
of each hemocyte.

I =

Y F FAFEE] e AN A
8= o] REolt}(Fisher et al., 1987; Alvarez
et al., 1989; Bachere et al., 1991; Le Gall et
al., 1991). 2e)v} vix|Es} 2 4F dFoMe
FAR o] ARE BEI] AYe] ErHsdA
A &AEQ A¥YEE 27 A A2
S A o2 AR At F(Galtsoff, 1964)
AR 2 ¥Prt 29 AfRE Aleld =
o gloy Fafzha F9lell FAPIE AYstd AE
she W] 7P ExFolt. & ol2d WHS
= Fudae Adsly FHae = 3N F
NP3l ARG vpR|Eo] AEHEE FA| ¥
Bk opg} MZHAle] fEEHE 7 42 Ha
A F Jde A Aol A2

HF 879 EF= Feng er al(1971)°] WX
Yolze] ¥7E J8AnP AARAuHEE o8
sty PP el FAPARNE T2 UL,
Cheney(1971)X Ruditapes semidecussata®] 8+
& Al 2879 Q! hyaline leucocytes}
granular leucocyte® TE31%th 22]X Foley &
Cheng(1972y2 WX|YolZe] & 7|9 &5
g 7N1E2E dE 4% YHRE RV
HNEe A G} fibrocyteZ AlEstaL A%
e BAgolAY Aol I EAjske 73
Y (hyalinocyte)Z HH3IL U}, olxd 7
o] BHe A7l gt doldt B/e 7IE
I} HH-L 32 AU Cheng(1981)0] 9] ¥
7E Ao {7 Y G e AT
o} FAYTE Ur FAgTe oA 97145

194

YT, SAAAYT 2 fibrocyte?] Al FFE &
g o]% o] 7]FEof uw} RV FsHAZ Ut
2 dpoMe el {5, AlE] =)o wet
FAP T, FAYT 2 fibrocyteZ TEHHoH
AP7E AEAYY] AP A4 w2t 59Y
NAAYFe) A AP T2 R

ol ¥ ZuMTR e EF I H
R\ oVZ(Crassostrea virginica), 7 218} (Patinopecten
yessonsis), E2 572t v}X BH(R. decussatus), F 3]
(Mytilus galloprovincialis), ™ 3}H(M. mercenaria), 44
2(Ostrea edulis) 5°]1 AT o)A HFoley &
Cheng, 1972; Bachere et al, 1991; Tripp,
1992; &, 1993; Carballal et al., 1997A; Lopez
et al, 1997A). A E FARF= 9F = dd
o Ao 9¥ T elIFoIUL MAEET}
B2 3¥7} AAEHA Bokom AHAE, A4F I
FAA 7y BFEHAYG. o] AL Cheng & Foley
(1975)%} Lopez et al.(1997A)9] A7t 5L
o AAYE7} & FE= Cheng & Foley
(1975)9] Q7R o B qe] =37] EF o
Hou A ¥ HAt, TP o AlE
Aol vla] A3 Fow FAPFoM FEAHAA
AAYET & FEE FAEA AU, 222
2YAGFEI} AEAN AR AU, 2
22 YAt FFE A ZHLEA FEE
Ax Hgelel zolHo|qdt. oeh o] T2y
T Cheng & Foley(1975)2] ZA34e} 53R
U SRl = #3ER] et}

2|2hge HYPT FolA A HAYHF 5Y7)
AFHPFR 4% g5 /KL Je 7
Y= v|Ygsithe 3= Carballal er al.(1997B)
9} eRRIR|E uiR|ge) QiM% 2| Zhof o]
e AlZe APFoIY 2 FoME ZAAEAY
72} AztE). ol Cheng(1981)°] Z&3lar )
= AAY MR TE SE7IEAE TR A
SE X2 A AHT AE FolA Wols
Hol| 3 9Ee FP3he AlEEHN sl
58S st AztE

Y P ke 23 AALE0] ¥
7} A% AE e 7% 7PY AskAl AR
7} Ge] 2404 APl 39718 A- e
RGP Ft AAY B vEE YERY) 4)3HE
9] 5E& 71 Ax7t Aol T34 8-S
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FY3T . FHHA T ARbldle 7 g@alE
#o] Aslert(Santarem er al., 1994) B 7 & o]
23 S47] wiwol] Adde] ¥7e g@isHoe
ztol7h A& Aoz Az}rs oz}

olFgh APre] BT AFEE o £
& THol nASN HYH 27 &AM p&e]
3H7EAE7E A FEY A YeRd
© AL nj&e] FHolA 2A£02 Fort ¢F-
o] 2=l o3l 7153 ZAskE s deol X
Hojd Aoz FHdr}

o3} zo] vixge] FFe AYTo FIY
T2 FEHAL, FHe SENE8F-ET, 34
AAYT 2 fibrocyted] 3FHFE FEEF Jo
o, gFo] st At F FAYTEG
B goz AU EA5] Wi o] AES
o] o]2A 9] wiAle] FR3I AL FHPYL Ao
Azt
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The Morphology of the Hemocytes of the Clam,
Ruditapes philippinarum (Mollusca: Bivalvia)

Sun-Gu Kang, Sung-Woo Park and Young-Gill Kim
Department of Marine Biomedical Sciences, Kunsan National University, Chunbuk 573-702, Korea

To understand host-defence mechanism of clam(Ruditapes philippinarum) hemocyte against foreign
materials, classification and their seasonal change in the number were performed. clams collected from
a farm in Julpo Bay, Gochang, Chollabuk-Do were used in this experiment. Lots of hemocytes were
found between the muscle fibers and connetive tissue of posterior adductor muscle. Hemocytes of R.
philippinarum were classified into granulocytes and agranulocytes. Granulocytes were composed of three
types, basophilic granulocyte, acidophilic granulocyte and fibrocyte in accordance with the staining affin-
ities of their cytoplasmic granules. Fibrocyte has filopodia and vesicle in endoplasm and bigger than
other granulocytes in size. Agranulocytes were less in the number and smaller in the size compared to
those of granulocytes. Hyalinocytes had no granule in their cytoplasm. The nucleus located in the center
of the cell was oval or spherical shaped. In electron microscopic observation, granulocytes and hyali-
nocytes contained electron-dense vesicles and some small lucid vesicles in their cytoplasm, respectively.
Granulocytes phagocytosed more zymosan particles than hyalinocytes. Acidophilic granulocytes showed
higher phagocytic ratio than basophilic granulocytes. Total hemocyte numbers showed the highest at
April to August and the lowest at October to December. In the composition of each hemocyte, basophilic
granulocytes were always more than acidophilic granulocytes and hyalinocytes.

Key words : Ruditapes philippinarum, Hemocyte, Classification, Granulocyte, Hyalinocyte



