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ABSTRACT

Identification of blood cells and their physological functions in the cultured scallop, Patino-
pecten yessoensis collected from Abashiri Bay, Hokkaido, Japan were studied by electron micro-
scopic structure and histological observations. The physiological function of each blood cell
type was studied on the basis of its cytological structure, the lysosome in the blood cell and
its phagocytosis.

The blood cells were classified as Type 1, Type II and Type IllI. The morphological
characteristics of each blood cell type are as follows ;

Type I  The cell is oval shaped and its cytoplasm contains comparatively low electron-
dense materials. The oval nucleus is sometimes ramified into two nuclei. Lumps
of tubular smooth endoplasmic reticula and vacuoles are distributed near the
nucleus.

Type 1I © The cell appears long and oval shaped, and its cytoplasm contains high electron-
dense materials. The oval nucleus does not ramify, and large numbers of sac-
like smooth endoplasmic reticula and free ribosomes are developed around the
nucleus. No vacuoles exist in the cytoplasm.

Type III  The cell is round in shape and the electron density of the cytoplasm is the
highest among the three types of cells because of large quantities of rough-
surfaced endoplasmic reticula and no vacuoles. Particularly, the nucleus reveals
a wheel-like shape owing to lumps of tuberous chromatin.

The cells of Type I and II seem to have the role of carrying out phagocytosis on either
foreign materials such as bacteria or endogenous old cells and the transport of nutritive mate-
rials. The type Il cell, which has not been found in any bivalve species of non Pectinidae,
may be said to have the function of production and the secretion of protein related to some
humoral defense materials.
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BIRIE RS 71X fgE NS mEkel #sloe = AEE I B L s 3 X
EBERMEEN BEE7) olFolA gt de7] A2de BFEMEE BlzEd A% 79 kst o
&7 o 2 M (Feng et al. 1971 ; Cheng and Foley 1975), /1 72| Al BAste] MmERe Bagol
B A3 o2 HmEAE 6 o2tk 2 ® B3tal /N FY mEkel] e £33 olH = -9
TLEER) 5 BBy 4584 o) ©e), lymphocyte(Takatsuki 1934), phagocyte(Stauber 1950), amoebocyte
{Wagge 1955), leucocyte(Stauber 1950 ; Feng et al. 1971), hemolymph cell(Foley and Cheng 1975)
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AkmE e AfER Bdste ez G A s NN lysosomes RESH7] 91519 lysosome
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FEEME BERAE 24 34D Zoldd, HiElE#ke] AKE F 4T wgdo) Ry
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Fig. 1. Procedure of enzyme-histochemistry for the detection of acid phosphatase in blood cell.
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Fig. 2. Three types of cell. 3. Type I cell.

4. Magnification of pheripheral region of nucleus in Type I cell. Note tubular smooth endoplasmic reticula
(-). 5. Magnification of pheripheral region of nucleus in Type II cell Note sac-like smooth
endoplasmic reticula(% ). 6. Magnification of pheripheral region of nucleus in Type III cell. Note flattened
sac-like rough surfaced endoplasmic reticula(#* ). Ly : lysosome, Mi : mitochondrion, Nu : nucleus, Va

 vacuole. Unit of each scale is micrometer.
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AL BLE S olFE Zo] Bx, Ar|(FHEEKL SDXFEHER L SD)E 7.7+ 1.2X59+ 1.1 um
olth, e Bl FoH 71E 2o 2 HEHY v o] AR I WA EFEET U
T fEe] mERel vjal W& Holoh A EAdl= Zo] 0.1~0.5pme] NVERR ETHE/MEEEZE 8 T4l
A wgEo] glow, W YRES AXw Axe sirteld 2 e kit vk EESH(Fig
2—1, Fig. 2—4).
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EHEREN v EEH 98 veliy, 371 75+ 1.2X54+ 09 umZE I BimERE o} o7k &},
Be 1AmERS} v)s23 Ao RfaBo] TR HEEste 4& vk BEFEE 5L Axd s
ZHAH, & F9o A4 0.1~0.3 ume] /NEER RE/DEEEZT FH-0HA BRI Ut &, g Pl RS s
T3] TR AT A nF BaE) ok 2y [ #miRelA #AH AR #hte $2EA|
Z=h(Fig. 2—2, Fig. 2—5).
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o] MEkS 9L F2 Yoy, A7) 79+ 18><59+ L5umZ e F F/H ol nlg ozt
2 otk B REHE el A HEik BEE Role Aol EXolvh Axdde B,
fdgr}y Aol EA5HA] Fe whA, M ETH A5 H‘%s}&l AEA M o FTat= 357} #ol,
BFEEE 3TY 75 71 s HE/MElE e 2 RFEKY 42 Yehliy, oj2lE0] 3o
Hadgto 2 AFHQ BRIBES o2tk [ MMk 22 Kite B2 get) o] mEks
WAEY WEMBRGES 1967) 9 FAHE ded 53& M2 Avk(Fig 2—3, Fig. 2—6).

2. fuERel MRRA 76

LAkl A 788 3fE mEke] ik 7hely] BRAEERN S$7E £X 8 T35 47, Table 19149}
2o] PN A= 156 0] mEkF I8 6670, 1A 4770 2 MIE 43718 242 423%, 30.1%, 276% 2

X H&E B Iﬁﬂnﬁv} 743 e HaEl, BitEEAME 159709 75 18 787H I
80ME 27k &F 50% 4% 2AAF vhA, I MimEkes Ao Ex5A] ¥= 548 Hith &, & A%
Aol Ao MmEKES AxHo=z By I, II 2 MEe Foz Fo] 22ATL & & AUk

Table 1. Number of blood cells per cross-section of the ovary and digestive diverticula of Patinopecten

YesS0ensts
Cells
. Type I Type 1I Type M
examined
Ovary 156 66 47 43
Digestive diverticula 159 78 80 1
Whole 315 144 127 4

HH, 7+ dyre] B4 S B uskr] 95t BNk SA%e D78 FHEE & POEE HES
MEHE ErECl SAste vEE=obE FHHEst mMRE HIFEM ME WIS, Table 29 2
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v EEEENAE 1R 116770, I 91078 2 WA 200709 o2 e} I B fEkel) A<
nEZc o} Ut & 2 %2 o v fosiA 23L& 4 AUtk = F 2 A9 "
nNEEZ= 2ol #= [ &RMmERAA 957 W2 F93A B

Table 2. Number of mitochondria per cross-section of a blood cell in the ovary and in the digestive
diverticula of Patinopecten yessoensis

Cells Type I Type 1I Type 1
examined (mean= SD) (meanz+ SD) (meanz SD)
Ovary _ 156 7.09+ 5.60 6.60+ 5.46 6.67+4.71
Digestive diverticula 159 11.67+ 6.52* 9.10+ 5.08 2.00
Whole 315 9.57+ 6.52** 8.17+ 5.36 6.57+4.71

* Significantly different from Type II and Type W (P<0.01).
** Significantly different from Type M (P<0.01).

3. MERA lysosomeo] ®Hs 2 476

Zhedjel LEgEe 2 FE AHS Pl A8 lysosomed] thEte - M EZALAUEES
HEZ FERHEGLBRES AT A3 g9 A XA Fol vhe 4HE9Q] Yol A &3le BFEE7}
w9 A Jel = MR 8k =, Bt phosphatase S E-7-3F lysosome®] & 5 21t} Lysosome-2
Fig. 3— 13 Zo] &7 02~05 umE A B/ 7}x| 51 glo ], 7o A X Ao 5 423 AT}
ol o #23}H, Fig. 3—29F 2o] 1 &9 ¥7-¥ B phosphatase BFHE 7T vl 523,
fA— lysosome WolM= REST S & = IAh

ool lysosome AE AHE EUZ 23 o £X¥&= 3F 49 ¥ FARE IS HEE
gimol £43ke lysosomes FHEBIA AXE B 2 A Z Hwshd, Table 3o141¢F 2ol Fp
HolMe= T8 16270, TR 1.04 78 2 WE 091 M) ¢ 2 veht T AMER A ohd: B2 lysosome
A g wol vhH BLEEA = 1B MmERA Y lysosome BZF 251 M= finfEmERe] vjsl 21
MAMmMEKANE A3 BEHA e EFAL B9k 4 239 7 & T3S 2 MERA lysosome
e ITHAAM Og 229 1o vish F28A 2o AAHAUT

Table 3. Number of lysosomes per cross-section of a blood cell in the ovary and in the digestive
diverticula of Patinopecten yessoensis

Cells Type 1 Type 1I Type HI
examined (mean= SD) (mean+ SD) (mean=+ SD)
Ovary 156 1.62+ 1.91* 1.04+ 145 091+ 1.29
Digestive diverticula 159 251+4.02 1.60+ 2.58 0
Whole 315 2.09+ 3.26** 1.39+224 - 0.89+ 1.28

* Significantly different from Type I (P<0.05).
** Gignificantly different from Type Il and Type 1l (P<0.05).
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Fig. 3. Lysosomes by detection of acid phosphatase in a blood cell. 1. Lysosomes having acid phospha-

tase(—) are distributed in the cytoplasm of a blood cell. 2. Magnification of lysosomes. Acid

phosphatase(—) is omnipresent in each lysosome. Mi : mitochondrion, Nu : nucleus, Va : va-
cuole. The unit of each scale is micrometer.
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FA ETHHME BF AEE o] 8351 lysosome FUF M Buw I BIMERES FA0 2 MmEke)
o5 Fe) 2 A E o] ZA3}F= lysosomed] HA o A3 HMEEES BAET, ol JNto T MmERS)
BIEA B distd ZAMsIE o

HA, lysosome EE] tidte] B, & sizjolo] FAAZE EAEH 2 o M/ HEEEsT
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Fig. 4. Process of phagocytosis by blood cell in Patinopecten yessoensis. 1. Lysosomes(—) secreted from Golgi
complex. 2. Lysosomes(—) distributed in the cytoplasm. 3. Encapsulating foreign material. 4. Formation

of phagosome( * ). 5. Lysosomes(—) fusing with phagosome(¥). 6. A blood cell containing various secon-

dary lysosomes. 7. Formation of myelin structure(% ). 8. Glycogen-like granules(% ). remained in a vacuole
after phagocytosis. FP . foreign material, Go : Golgi complex, Nu : nucleus, RER : rough surfaced en-

doplasmic reticulum. Unit of each scale is micrometer.
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HRE T FAANE BEREZE Bikikez MastH, o WE/ViEEY M niE YH BT
w7 =3 A7 01~02pme) BRI lysosomeo] W& Th EH € lysosomeS Ef7fEd] &
gMio] N XA e &A% cH(Fig. 4—1, Fig. 4—2). 33, mEREM YHoll = (L8 M (chemota-
xis) ol 23l AKITF ] Q14 0] Dojitar, of A YA} HEFbe A2 BHol BRI Z 393y
Y PAE AXERRE BoEYLZM(Fig. 4—3) &fe(phagosome) & A3t} o]9} o] FAH
A 92 B T3 §37e o3 2 &3] AX(Fig. 4—4). o]oA Afas UM FE o
g o EA3= lysosomed §33h A{LH(secondary lysosome) 7} 0, o] wj3E A
ftfefol MAIEH(Fig. 4—5). ol9 2 MR \iLiEE o] &usiA dojue= mEIH e e
A MEA AA ) 1um AF 9 o rtA] &EA A E Ve BiLER 307 E 3o (Fig.
4—6). A @rt B9 799 Biiede 29 A KB grez 8 ROEY B (myelin
structure) ©] Ve (Fig, 4—7), ol AL oJe}<] Bep/ME(residual body) 9} 7 HE 2 W&
Ho 2 Wikidl= glycogenit ko] BLEHE A Bk (Fig 4-8).

ol e AIFM BRES [HI HH A BAHJOY, olF 718 4% AIEA Bigel
FEEHAY AL I1HMEKEA ol 7 nEZ=dlo} #(Table 2) ¢} lysosome i (Table 3)7}+
Bae ddge A ok 2y mEe] FFdMe At 2 Bkl E2A7F 13 A4 HR
2sikth.

5 B

WE ZhF9 mMERSEA B3 A7 2=, Crassostea gigas(FHF 5 1961), $8, Mya arenaria(Hu-
ffman and Tripp 1982), vt YE<Q Tapes semidecussata(Cheney 1971), Mo} XL o}Z, Crassostrea
virginica(Feng ef al. 1971)& U3 o2 3t 32 NEBEAMEEN T 3] o]7oA ) ol &
ZNFO e A 2FF 5 MIEEN BN FEE Vo R TR BEAERE EFEdon,
Cheng(1981) 2] Fmol A= FERIER, MBKIER 2 cerous celld] 3FF7F EA%cta AAHE vt gt

E, 7HEEIY 8 £ 7 2 2 7150 #stoe o7t Bag vk glov, g Pecten maxi-
mus9l= FERER, rhagioplast, micro-lymphocyte 2 WE MRS 4 £F 71 243 = A0 2 d#A o
(Betances 1922), BA £44d ¢ ZAMFY 7 EF7d £ipol S-S AAks 22 9t

MmERS HHE EAske Fg AAd dstde KBEMSEN HRTSZE ¥l olddds
Aol Fd oje, BTHEMEE < A7V 1A o] $t=w(Cheng and Foley 1975 ; Feng et al.
1971), Cheng and Foley(1975)= W¥<] YE< Mercenaria mercenaria B2 BT EEMBHENA
YETHE N EE, HE )l n EZ =] o, 2AA, % % lysosome 52 MfN /NEEE o] 9o A} AT}
& AYEE o4 7 BiERe EA47F JRE g Ao aev B dFe] sigh] @i e
ol9} e AP FAHA oo, I3 NAH = Zbzh wojxYolze) A ¢ mMA
MR R (Feng et al. 1971) 8} FrAFSIc}, 2] B A2 MAMERE P. maximus @) FE{HI(Betances
1922) 9t H]s=3ict,

HiE 20 AolA T lysosome?] EAE AEAT DT AT Jo ), Mk bEr Hiks
o] &3l FEBEAfMEEo =2 TEA oA YolE(Feng ef al. 1971) & A3 lysosome2] & Ej o
#3te] M3 Balg o ZolE 4 gtk 9y AAdn A #EE 53 9 dFAME lyso-
some2] ZAjo] 3 A& 2 FP L& o|FofA vl gk 8l HFEHE ALdMe Fd
EA 3 lysosome HE) g 771 Bol o] FoA 1 glon, A& WY 2= F2 B phospha-



tase, B-glucuronidasel] 3+ & FHAME BRMAMILEEN Jikol de o] 51 itk 7HeH| & ARR
3 B Ao NE p-Fel A2 N EFL HE = 5to] Bt phosphatase /3-8 WER = lysosomeS
A2 A, 02~05ume] AL 7MW AP KiEEWS Fol wE o8 A d=r) o
EolAt: Hogx o] BHg o] lysosomedS & F ATh ol o] WE NF LFA 7HElv]
o M E lysosome] EA7F &<l gl whe} o 7ol @7 AR NS T3] AL e Ao
#BaE)

mERe) AfFHS FHEo e B2, MEHEHRAIASE Mtk P d8do] 2 434
Qlth. ool thal AAA oz 91 SxHES 77 AR L &8 Aol S APHALH
(Stauber 1950 ; Cheng 1975), HRfaPY {B1L(Yonge 1946), &E#MES] &4 (Feng ef al. 1977) R 1
#i%(Yonge 1926)9) B AER HpEc] @3tz Bud v gloh

PLEolA doR 4mad A PRRolA mERe MiRE 2 AR B8R datd iy 23
z3ste] #msled B9, shevle] 18I NBmMEHFE F2 AXPEY A& 2 MiEN Bk

i

AN

AEAS st 1 A7 dojF 9% BAL AW 4 2Rz FFE /%S Bol1 jlen, 59
[ Wik e P EZ =g ole} lysosomeo] 7HE Bo] EAsE Foz Kol AE T o 22&
Asls Mt B S JHA T YAY, ARK Ebde Bt 2 Rz #8e e
Aoz wadd 39, MEMERE BEKe #%3 T3 HIVEEE 7HHe AX 548 Holx
APE, o] 1o & #etdE P maximus(Betances 1922) AT AAHIYES ¥ 1 99

zZARAHE 4HA v gk G397 P mavimusl A B8 R-E KEBEHEEE B A% Aes
o] UL FA o= o] ERPUW Hojung, B AFdA AxdnE& ot 2T Mg
geuwstrls old e Ho| Utk Tk P omarimus®) WEMKZF B A7 MEMmEke} FdT
Zolghd MAmMEE o2 REME I A7) QAR oke 7w FF 0 miket & 5 3ioh
v MEMEKE WA HEMES Fugdos me fAR, A HEMEZT KIER
e DIERS} 7 Wmz PoiFe] Veh EHEEQ immunoglobuling A ehe A EQ] Ao w
oA 3 glo.m 2 (i 1967), 7FEH Foll = o] 8 & 715 0] Sl Zlo] obdrt 3t o &o] A7 H 7=
stk ey AA7A) skEEE ol A9l immunoglobulin EAE AAH A ¥ Jom 2 (fEM 1977 5
Cheng 1983), 3 & 2] immunoglobulin A4} 754 ol disted & Bt 2158 AEV Aupelol & Aoz
Azbgc} aeu, H2 2N F0 Yo Fo| BEHE, lysozyme 59 ¥tk PEUpE ) LR, o] E0]
ggz 2e Bujss A0 BHE I e H(Cheng 1983) 22 7l Fo| & of, 7HejH] 9] immu-
noglobulin A4+ AR A drigE ofjg vl&d 715 & 7Ha KK BEmES €9 715l A&
AEARe 283 Bady. T3 M nKE & 252 7 b8 #Es@t 2 &R gl A9

= ubd, M i) wake] €43 Mo Wol KA EPEM WHE A #odte Ao
AzE T gro g o] MAMmERS tlate s Mt Ba L sy BT Mot dEFHor 0 548
gtela] B "arl gtk 97] o] N¥EE MILEE AT A EA8A e v, BN
Zz MARE Yo FEt] ENS XS vl AR oluig #Ao] leAd Hsto
Fhste AE Fnde HFEEET 2 Holth

Z 8

BA JtiEe) #EEoA Buh#EmE 712)8], Patinopecten yessoensiss MNEZ 3,
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2o R sty I FHRd VERY) BEVMNERES Bt Saehy, W 2R
%o Bo At}

NA: A ABe ABAYos ATAe EFHE/ 5o Ke BUoz HERA
o= o1 FuRol] MEikel /MRS Rl 2 RSl ey, Wiins EA5A)
e,

MA AT e Q3o BFFEEE 3Z 375 7MY v 2 ez Y68
o] o A ¥ M MugErl dA A dash, Bt SR8k gtk

°]% MmEke] o BREE 2 AfEAC B AELEN HRS St I s 3ES
23, 18 F2 fil 5 A4 22 2 NERK Bl sfefd, 1ie 2xpA
&4k 4046}31 58], M MRS ERkE R #a% KMo ERE RS W EES
THE Aoz #HaHA

@ #F

& PREE FiTde o] QA WS REHE S oA %Y AA FILRE HRER
FATIE Lot BRubthiel BRE H 7] fEIeSE oo FA RAR BB HEAsE
BHRE fE MLt T shetel mE 3 ETEME B o MED BEE AT
BEHEAR KEHHBHE ] FHREH HLolA Qo] B, BbAA e RIR
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