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Fig. 1 Light micrographs of Crassostrea gigas hemocytes phagocytizing yeast. Hemocytes were at-
tached and spread on the surface of glass slide for 30 min of incubation. After incubation,
spread hemocytes were treated with yeast particles for 60 min. Agranulocytes (A) and
granulocytes (B) were stained with May—Griinwald and Giemsa staining for 15 min. N, nuclear
of hemocyte; Y, yeast particle. Bars indicate 10zm scale.
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Fig. 2 Phagocytosis of three species of bacteria by C. gigas hemocytes. The extent of phagocytosis
was determined by randomly counting at least 400 hemocytes from each monolayer under oil
immersion lens of light microscopy. Three species of bacteria, Escherichia coli, Deleya marina,
and Planococcus citreus, were tested as foreign particles. The percentage exhibiting
phagocytosis (phagocytic rate) was calculated as

number of hemocytes engulfing at least one bacterium
x 100
total number of hemocytes counted
Results are means * SE of five separate experiments performed in triplicate.

Table 1 Phagocytosis of various particles by C. gigas hemocytes

Agranulocyte Granulocyte
Particle
PR (%) PI PR (%) PI
Saccharomyces cerevisiae 86.1 6. 39 15.9 2.37
Human RBC 34.3 3.21 22.4 1.57
Latex beads (¢ 2 pm) 73.5 11.08 44.7 5.48

Hemocyte monolayers and foreign particles were co—incubated for 60 min at 20°C.
The percentage exhibiting phagocytosis (phagocytic rate, PR) was calculated as
number of hemocytes engulfing at least one particle
1 x 100
total number of hemocytes counted

Phagocytic index (PI) was expressed as the average number of particles ingested inone-
hemocyte.

Results are means of six separate experiments performed in triplicate.
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Fig. 3 Phagocytosis of S. cerevisiae (baker’s yeast) and E. coli after no treatment (Live) , formaliniza-
tion (Form.) , heating at 100°C for 60 min (Heat.), and autoclaving at 121°C for 20 min (Auto.).
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Fig. 4 Inhibition of granulocyte migration toward fMLP by t—Boc—-MLP. Migration of granulocytes
was measured toward BSS-control, toward fMLP, toward fMLP in the presence of
t-Boc-MLP, and toward t—-Boc—-MLP. Results are means + SE of six separate experiments.
*Migration toward fMLP alone is significantly greater than migration toward BSS-control
(p<0.01).
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Fig. 5 Detection of O, generation by NADPH-oxi-
dase activity in PMA-activated hemocytes
by the reduction of acetylated fer-
ricytochrome ¢. Hemocytes (5 x 107 cells)
were suspended in 2 ml of KRPG containing
2 mM NaNj; and exposed sequentially to 100
ng/ml of PMA, 0.05% (W/V) deoxycholate
(DOC), 0.1 mM NADPH, and 150 U/ml of
Cu / Zn-SOD.
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Fig. 6 ESR signals of radical spin adducts generated 21.5 min after the initiation of the reaction of
PMA-stimulated agranulocytes. The reactions were started by the addition of 100 ng/ml of
PMA to agranulocyte suspension (5 x 106 cells/ml) containing 11 mM DMPO and 500 xM
DTPA. (A), ESR spectrum observed on stimulation with PMA. (B), spectrum obtained for the
same reaction mixture as (A) with 150 U/ml of SOD. (C), spectrum obtained for the agranulo-
cyte suspension without PMA. Signals marked with closed reverse—triangles belong to the ad-
duct of hydroxyl radical, and signals marked closed circles belong to the adduct of carbon cen-

tered radical. M»0O, manganese oxide.



Table 2 Phagocytosis—~associated H,0, generation by granulocytes

H,0, generation— (nmol/mg - protein)

Time (m)in
Resting Phagocytizing
0 0 0
60 18.8 = 2.06 33.7£3.31*%
120 23.4+1.27 43.2 £ 6.46 *

H,0, generation was measured by using a scopoletin oxidaition method for granulocytes
phagocytizing E. coli.

Mean =+ SE of average of five determinations.

*Significantly different from the value of resting in each time (p<0.01).
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Fig. 7 Effects of pH on activity of oyster peroxidase (s) in granulocyte homogenate. The pH-depen-
dent activities at pH5.0 and 7.0 were determined by measuring its conversion of TMB in the
absence or presence of HyO; (2 mM).

HZOZ
1.2 l A 1.2 ‘ B
H,0, “
1 1 _\l/\__/\
3
2 0.8+ 0.8
0.6 0.6
0.4 T T T T T : 1 04 T T T T T 1
0 20 40 60 80 100 120 0 20 40 60 80 100 120

Time (sec)

Fig. 8 Time course of OPO-catalyzed chlorination of monochlorodimedon (MCD) in granulocyte
homogenate. Granulocyte homogenate was added to the reaction mixture in 100 mM potassium
phosphate (pH5.0) containing 100 M MCD and 100 mM NaCl. The reaction was initiated by
the addition of H,0, (final concentration, 100 M), and spectrometric monitoring was con-
tinued for 120sec. MCD chlorination was determined by measuring the decrease in absorban-
ceat 290 nm.
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. Fig. 9 Intracellular killing of bacteria by hemocytes in aerobic and anaerobic conditions. Bacteria
(initial density, 1 x 108 CFU/ml) were incubated with adherent hemocytes for 60 min at
20°C. The number of bacteria killed was calculated by subtracting the colony count level af-
ter 120 min from the initial number of colony counting. The columns indicate the means,
and the bars indicate theSD of six determinations. *Significantly different from the killing
rate of each bacterium under aerobic condition (p<0.05).

Table 3 Effects of radical scavengers on killing and ingesting
of Achromobacter turbidus by oyster hemocytes under
the aerobic condition

Scavenger Bacteria killed (%) ingestIiLrIlegH‘;)(::c}tr:ii?a (%)
Without scavenger 96.5 £ 2.42 44.6 £ 2.9
SOD (100U/ml) 84.9 £5.1° 41.9+4.3
Catalase (500U/ml) ‘45. 8 £9.0¢ 46.1+4.9
Benzoate (10mM) 90.9 £ 4.7%° 42.2 £5.7
N-acetycyateine (10mM) 42.4 £ 7.6°¢ 45.2 + 1.8

Differences between a and b, a and ¢, b and c are significant (p<0.05) .
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Fig. 10 Time course of intracellular killing of wild type and pigmentless mutant strains of M. lu-
tens phagocytized by hemocytes in aerobic condition. For phagocytosis, Each strain and
hemocytes were co-incubated for 60 min at 20°C. Incubation for intracellular killing was -
continued for 120 min at 20°C. SOD (100 U/ml) and catalase (1000 U/ml) were added to
the culture medium of hemocytes.
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Fig. 11 Effects of P. cifreus ingestion on agranulo-
cyte survival. After incubation of agrnulo-
cytes (5 x 106 cells/ml) with 1 x 108
CFU/ml of P. citreus for the indicated
times, viable cells were counted under
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Fig. 12 DNA fragmentation in apoptotic agranulo-
cytes induced by P. citreus ingestion.
Fractional solubilized DNA fragment was
quantitated by SYBR-Green I fluores-
cent staining after 12 h of P. citreus inges-
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ing Live/Dead cell staining.
Viable cell (%)
(1] 2|5 5? 7 '5 100
None -
Catalase "
(1000U/ml) B
N-acetyl-cysteine (
p<0.01)
(10mM) —

Fig. 13 Effects of oxygen radical scavengers on cell death of agranulocytes ingesting P. citreus.
Agranulocytes (5 x 106 cells/ml) were incubated with 1 x 108 CFU/ml of P. citreus in
the presence or absence of catalase or N—acetyl—cysteine for 12 h. Results are means =

SE of five separate experiments.



L0 &

PlEofERn b, =7+ MG EERER L BRO 2 >0MsEE» LB Ih, &4 DMK T
BYRERS LOERD L AN RIg-> Tk Yy, EBRRIBHAOTHRIERES <727 » —of
DOffgE LT, E-FERNERIME SR U TR RIGT 5 professional phagocyte & LT, %4k
RRPEHIG LT B Z EHRBbn LT >Tc, AR LB T % MERREOBRICR\T,
MDA T HEREBERIBEE LT\ 52 ENERI A, LirL, ThidfaPREEEo T
TS DT, BRECKRE LWRERTFOFEL AR SN, MEYER LAEENR
X, THERF-YARRITILVBESh, EYrERLCOROKRORELYRT 1 2oL L
THEEEh, ¥k, ZOT7HEb— Y ADOFRCERBEI/NFELEELCWHZ EBRELIE R
2o



RLRERRE R

BB & FRIC, THRECE, BT T VOEERN RV LS, BWARREEZET
5 MERASZF DEEHHBEOTLEE) LE2 5hb, “HAMKROERREICOVWTIRL CALRTY
50, BEROREBICR (BET 5 RWEH, EbEsr CoRY ot s KnEIcowTiE, 2814545
KBS P TIR RV, 72, D RAALZRYONE, HIREEL AT HMEIOET 2588 - HRO8
BIZOWVWTYH, IBELAEHEBEINLTHWRY,

AEFFE T, WE_ME D<A * Crassostrea gigas DIMERIZ BT % EEPHMREDFIR, 1HICEY
Bk e 2 MUK AR, W) BASHMEST 2 MBARE, 7 L TARMROKFKBEE L V) —ED
RIS R D\ TR L 720

T, HFOMIKRE BRENBEIES W CERERIRE B IRO 2 DOMBERICKII L, h
bOREARE, EWERET LAER, BYOBEICL T, BENRE BRHBOERERIEVDD S
Tk, I, BRIRE, WEOATAREOBERSTEHRENICEB L CRRRERHTIZLEH
ST LTz F72, BREKIIHMBEBROEERTF Fiost L THVEELEZ O Z L 2B LML,
IR IR CIRELMEERD ST, 2EHADCMIRER OB THEISTT 5 ICHEICKRE 2BV DH DT
CERLE (B1E),

WERIRICBVTIE, BEEOHBICE o TRA— =4 F Y F7 =4 > (0y) BPEAICERINLIE
RHOMPIC L, S5, EHBRICLARERCOERE RS Fuxri VI I ((OH) P ERK
ENBILOHORICL, MFPEREEU L RE L EERRERH R Do T J L 2R LI —7,
FERIERD A TIEBRNED bR BNV T F T 5 —Eh, HEA AV L BRIUKEOHFET T, REHOM
WRHIEEREZERT A L EFHLPIC L, T2, IO DIEHRERES T EROHBARED
BCERT 200EPERE LR, BEUBRRESTRT2E) bOTELWY, RERTFLLTHS
BEELTWAZEEHLMCLL (B2HE),

Y @ Planococcus citreus % & U7 IR IRY, SBLcMBEL I THELTRVWHL,
COMBFEDT K =Y ATHHI L &HLPIT LI, Tz, TEAIROT K b — ¥ 2OFRITTEER
EZDVBEEGLTWAEI L ERL: (B38H),

DED &5 ICAFIE, < FMEREEHT 25 2 00MBERICBWTEPTEBRBLUVEREDO LA
BRLZoTWAIE, T4bb, EBENKIBHOMMKCEHE) v 7077 —UKoMige LT, ¥
7o PR BRI 1 U CHRRMYICUE T % professional phagocyte & LT, AR EWICHILEL TWD
CERHLPIC LT, T, MBAKRE OB ICHMIROAER T HIERBEIES LTWwas I L 2IFHL
oo 8512, MIEZERLERNIRIC, TRV A2RBITHBEIHLZE2HLM,CL, BYE
BREL-MBRORFHREL LT, STAEITHLATOURVESNSS 2 L3RR L, AFEORENR,
“ME OEEHEFE I RE R & & DI, EAHEREEIREE LT H Rl
MIIESTHEELOND, Lo THERE-RRARLOEENEL (B OFL2R58EN5
DIZETH LD LHEL



