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1 A&

olujufj 7= FT (hemocytes)e} A KA <QUAE (humoral factors)= T4 €

S

A7 WY Al~E (innate immune system)S H-F3ta glon, = Y=Y
(hemolymph) QoA BE ZHME AlolE AFEFA &8ty HF WY o=
FEEY 4359 olF, E4E HAH 2 4, dAEE £, AFEY 24,
7t 2 Foll #AE s A B H (homeostasis)E FAI5H7] 918 o

gt W3S UeRdTH (Cheng 1981; Donaghy et al. 2009b).

o Ay W Mg olsEy] ANHE BT BR A5 et

o
i

£ 0] $AolT. sl Fe] W ATl weh 84 el o ke
Az ) 9 (grandles)®] 5o we} o] B

=
granulocytes®} o] AL §l= hyalinocytese] 2 7HA| =8 MEZ F/FE vd

o

(Cheng 1981; Hine 1999). Granulocytes®} hyalinocytes= =5+ ¢ (pseudopodia)= &

Qi glol RERE PYF BASE of

of

sta] )28 (phagocytosis) T+
933} (encapsulation)E 3l A 4AFAF (reactive oxygen species, ROS)9} theFsh
b EAES Rt AASE o] 8L gt} (Cheng 1981; Hine 1999).
F AE FoA= granulocytes7} hyalinocytes Xt} o]23t WY 7|5Eo] &3t
o] granulocytes7} olujaFol FH WH M L&A Yot (Cheng 1981; Hine
1999; Donaghy et al. 2009b). 18]l M aEZo] uj-9- gko} Mz o] F7|7} a3 2t

o MHEH Yes0] |

rr
b

n&3tE AEZzExE g oA 7FEoAM 77t



=31 9ok (Cima et al. 2000; Aladaileh et al. 2007; Travers et al. 2008; Donaghy et

al. 2009b, 2010; Hong et al. 2013, 2014).

BHES o7 A oPEAEL AW wIE FEsh xon] TUd

s A FFGEHE FASH] AR gdT AYshd WHIeE o
EfLt7] wiiEol] siFstE el Awr|d wWIE 9otstr] g x| EF (bioindicator
species) & Z&<  Jok. YUY BFXFY EF EA H 7l ATE Mytilus
edulis (Le Foll et al. 2010; Renwrantz et al. 2013), M. galloprovincialis (Cajaraville and Pal

1995; Carballal et al. 1997, 1998), M. coruscus (Yang et al. 2015), Perna perna (Barracco et

al. 1999) and P. viridis (Donaghy and Volety 2011; Wang et al. 2012) 52| Mytilinae ©}

7 (subfamily)oll A%t B 1% 31 Qo)

FEABE X (Mytilisepta virgata)= Septiferinae o}l &3l= F o
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2. Qg H WY

21. A& AR

Ao Algd H2E2AAGXE 2019939 3¢9 8Y, 4¥ 17Y 23] ZAA
ATz AAZA SRS (9= 337147 25”7 N, 4= 126 ° 197 53”
Bl A AFHAAT (Fig. 1). ). AW A =3t hitell £Eo] e FA F

277k 2 AAES o AR APY FAE FA AFA A

|3, 22k A A

rr

A d W3t Ao AEstRT AF
of Ahg9 Tx¢o =7]= ZA (shell length) 32.1-43.7 mm (B 37.5 mm), Z+1L
(shell height) 14.7-21.1 mm (B 18.0 mm), 23 (shell width) 12.9-19.0 mm (38

15.7), & %% (total weight) 0.74-1.66 g (1.16 g) ©] T}
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42°N

35°N
39°N
36°N
Yellow
Sea —— 32°N
Hwasun Golden Sand Beach
33°N

kakao, TewaMetics L g

kakao, TemaMetics L1 128 126.2°E 126.5°E 126.8°E

116°E 120°E 125°E 130°E 135°E  138°E

Fig. 1. Location of sampling site: 33°14"25"N; 126°19'53"E



22. @9 (hemolymph) A3

GFxe] 244 (shell length)s 54 % $F 32 (posterior adductor muscle)
O ZRE 22G 1/479] FAtubEC] A&E 1ml FAE o]&3te 9F 600 uol ¥
Hzde AT AFE dEdzHLe JFAEEY $F& WA fIsty
d=ol Had 15 ml wbez A H3HH. RE 42 JHAER dAslon,

% 20 A APz ol gale] Y7o FHe} 7% Fotol AT
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#497] (CytoFLEX flow cytometer, Beckman Coulter Life Sciences, USA)E ©]-&

2.4.1. @ F57F (Hemocyte type)2} - 4 (Hemocyte count)

ez F 7 FHE AEE E73H7] fsted DNA ol F7te ol F-2)
3= &34 221 SYBR green | (Thermo Fisher Scientific, USA)S ©]-&3}$1t}. 100 l
o YYxAG FUF 3% =2 AHAZ F, 2 ple] 1000x SYBR green |
(final dilution=10x)2 7}8}e] A9 Ao 30837 HH-SAIZH Y. FAZEA 7]
9] green fluorescence detectors ©]-83F>] SYBR green Io] FAE MEETS A
gk % Forward Scatter (FSC)2} Side Scatter (SSC)E ©|-8-3lo] Mxo] 7|9} U9

geh A7 FRE BRSAL 4 FF ¥ 74 e 2SN F AT e

24.2. "T AEE (Hemocyte mortality)

g7 AFEES DNA o|F7te o FASA| T Azute T3 &4A Xl
Propidium lodide (PI; Sigma-Aldrich, USA)E ©] &3t &4tk PIe AlEdo] &
UA B A Mlazuto] B o] AlHE MEERRS BolFo g AT 4 Ut
100 ple] Pz B FUEFe] &-511A (anti-aggregant solution; 2.5% NaCl and 1.5%
EDTA in 1.0M phosphate buffer, pH 7.4)E &% 3 % 2 ule] PI (2 mg/ml; final

concentration = 20 pg/ml)E F7iste] A9 oA 1083 WA AT FA



H24719] red fluorescence detectorES ©|83ta] Plo| IstA A" S A9

g A @l dg BlEs At €7 AMEE (%)= UER AT

243. 879 HAHE %8 (Phagocytosis capacity) =3

7o AMEES =437 A8 20 uym A7 el FF bead (fluorescent
bead; Polyscience Inc., USA)Z ©]-&3}l3t}. &34 beads= Eir ol 2%z 3435}

o] A3 Th 100 plo] Rz Ao T Het o] FJAg & 20 ule 2%

gF beads H7Iste] A2 dAolA 1807 AME AE&S FE3IATE FA
Z BE247]9] green fluorescence detectorsS ©] 83t &3 beadE 2]2E3 I E
< dEd & A dF S dig vlE&-& Al4kske] phagocytosis capacity= UE}

WAt WkS & 10, 30, 60, 90, 120, 180&-mlth A sle] Al ¥ A A EZ L2 W}

2.4.4. Reactive oxygen species (ROS) =4

Az WollA BAstE FANLETe TAZFS FAHS] Al 27-
dichlorofluorescein diacetate (H,DCFDA; Thermo Fisher Scientific, USA)E ©]-83} %3 t}.
H,DCFDA:= &34k whg-atw &3S ®+= dichlrofluorescein(DCF) = gt}
100 plo] ¥HxAs FdHFe Hddlgol 314 £ 2 ule) DCFH-DA (final

concentration = 10 uM)S H7}3te] 229 Falo A 18087 W3 Al AT FAE

—~

£241719] green fluorescence detectorE ©|&3sle] -+ U AT E o8] &



Asle= DCFel #33AEE =A 3k arbitrary units (A.U.) 2.2 YERJAT ¥ &
10, 30, 60, 90, 120, 180+ wit} =H3sle] T M X ROS WA F HIE ZASH

Rt

245 AX Y lysosome TF =3

T U lysosome?] HEFS Feldtr] st A|ZutS E3bEte] |ysosome
of F2o] Ho ¥3& == LysoTracker Red (Invitrogen, USA)E AF-&-3} 1T}, 100
ple] dlzols dFe] "Hetsgol 314 3 2 ule LysoTracker Red (final
concentration = 1 pM) FH7}ste] A9 A A 6077 HESAIFH T FAIEZEA 7]
9] red fluorescence detectorE ©]-&3to] & U lysosome ol ulel WASHE

F =5 SA3A arbitrary units (A.U)SZ2 YEMY AT

25 Z9 2EH 2 =&H BXo T ¥H-$

251 43 HAL

AYTE BY DAL 2AH] el AFHOIEY LEE 40 CE A

gotaon txzTe A2 AN AT 65 L 2719 ET2E g2



g3te], A1 TS FUel =EATIAL A FUL A dAlFE MY ¥E
FAH LS ESHUT =& F 6,18, 30, 42, 54, 66, 78, 90, 102, 114, 126 AlZtujc} o)z}
o] dEide MAES &Aste] 3 HARES AbstAth 283 724 AZkeick
AEZ AAE FollA s7HAY TR HAdste] 7 wsS 2Hsgon, =

ol B MMAIEL AF F=xdA AAsHAT
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= A 900 pl absolute ethanol® &3] -20 *Coll A 2441752t permeabilization ]
Zith. 14,000 rpmoll Al 323 AAEE F G5 AES AASL 1x PBSE 23] o] A
A F At AlZoe] Eid 3 300 ul PBSE Yo #2333 3 5l RNase (10 mg/ml)
S H7bsle] 308 B9 RNAZ AASEAL 10 ple] Pl (2 mgiml)S 3 715ke] 429
oA 30%F DNA A4S st FAIE EX47]E ol &3ste &Y A= 3§
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3. 43}

3.1 8 7 8T &

Bt n A FAEEAY] £4 23 FeS439A e d7 e A
el EA o wel granulocytes, hyalinocytes, blast-like cells®] 37}#] F/HZ o] H

ATt Granulocytes= AZd ol 82 7§ (granules)E°] dom A=

FH

H o

1 9= (pseudopodia) &S B3t AT (Fig. 2). Hyalinocytes= A3 EH ]

<

0 AFE0] AT AxzAE | FFEo] gle Aol EAHoIUT (Fig. 2). Blast-like
cellse FHO R AxEAo] 4d3s] grol Al A77t wi% 23Ut (Fig. 2).
FAZEAZIE o]&3 EAHAAE EF A7) Ui HEd gt
granulocytes, hyalinocytes, blast-like cells®] 3 72 FHo] FHA} (Fig. 2). EH=
A W F T = HA 35 x 10°cells/iml, F) 2.7 x 10° cells/mle] Y= H
1.3 x 10° cells/ml ot T ATHELS H4 02%, H 45%2] W2 B 0.9%
2 ZAEJT F £F F granulocytes’t H 565 %E 7P wetow,
hyalinocytes¢} blast-like cells Z}7 B+ 29.3%°9} 12.6%= T4 AAT

(Table 2).
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Granulocyte

granule

=y 1) ‘
2 10 pm
«©o
O_.:
> 3 Hyalinocyte
-t -
] .
2 -
2 ®s
S 3 N
o
<
=
E 10 pm
b
glll T ok ke BEEE T T T TTTTT =
0 10° 107 Blast-like cell
Cell size
A
10 pm

Fig. 2. Three hemocyte types from Mytilisepta virgate were determined using a combination

of flow cytometry and light microscopy. N, nucleus.

13



Table 2. Total hemocyte count (THC) and percentage of each hemocyte types

N Mean = SE Min Max
THC (cells/ml) 20 1.3x10°+1.5x10° 3.5x10° 2.7 x 10°
Mortality (%) 20 0.9+0.2 0.2 45
Granulocytes (%) 20 56.5+1.8 44.2 79.0
Hyalinocytes (%) 20 29.3+19 11.6 45.5
Blast-like cells (%) 20 126+15 4.4 35.6

32. @+ FRE d°3F A

FAM AL ol g3t 23 AT FF P AZ O 3 (N 27,

AZ 7)o thd & =27]2] H]E& (N/C ratio)S A3 Ay I &8 Mxe =
71+ hyalinocytes7} B+ 12.96 um=Z 71 1 2™, granulocytes= 8.93 pum, Blast-like
cells> 5.62 pumAt+ (Table 2). 3] HHF =7|= hyalinocytes7} 3.96 um,
granulocytes”} 3.50 um, blast-like cells©] 3.98 pm=Z H] =3} TF (Table 2). N/C ratios
+ blast-like cellso] ¥+ 0.712 7} =32 ™, granulocytes} hyalinocytes”} Z+7z¢

0.399} 0.310.2 H <=3} (Table 3).
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Table 3. Cell and nucleus diameters and nucleus/cell (N/C) ratio. Different letter (a-c) represent significant (one way ANOVAt, P<0.05) difference

N Cell (um) Nucleus (um) N/C ratio
Mean + SE Min Max Mean = SE Min Max Mean + SE Min Max
Granulocytes 20 8.93°+0.31 6.50 11.80 3.56° £ 0.15 3.09 598 0.40° £ 0.02 0.30 0.62
Hyalinocytes 20 12.96° + 0.43 9.83 15.75 4.36* + 0.15 3.59 5.90 0.34°+0.01 0.24 0.46

Blast-like cells 10 5.62°+0.18 4.55 6.22 3.98" +0.14 355 4381 0.71°+0.02 0.61 0.80

15



33. 8+ F74 7|53 EA

331 AHAx 59

Granulocytes®} hyalinocytes= &% bead

i

21 2+8-3}= WA, blast-like cells
S 22 gelx] EHT. whS ZHFEE granulocytes= hyalinocytes R.TF 2 A3
£o] 4534 =%tk (Fig. 3). Granulocytes®] A Z &S HkS 108 & 27.6%S
o AlZto] AF}ghel wet X &H o7 Frhste] ¥H3 1801 F-oll= 39%c°] o=

2tk (Fig. 3). Hyalinocytes] A Z &2 WHE 108 F 1.7%8 oW Alto] A =g

of wet F7kste] W 180F Foll= 74%3AH (Fig. 3).

-o-Granulocyte -O-Hyalinocyte

45 1

40 -

35 A

30 A

25 A

20 A

15 1

Phagocytosis capacity (%)

10 A

5 - - M
" O—

0 T T T
10 30 60 90 120 180
Time (min)

Fig. 3. Phagocytosis capacity of the granulocytes and hyalinocytes of Mytilisepta virgate.
Values are presented as mean + SE. n=20. Asterisk (*) represent significant (t-test, P<0.05)

difference between granulocytes and hyalinocytes.
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3.3.2. Reactive oxygen species (ROS) A %

Blast-like cells> ROS ‘#Ay&Fo] s A7) wiiEo] ROS WA= 2}
TPz A AR Granulocytes®] ROS ¥HAY &2 HH-3- AJZF YU hyalinocytes
o] ROS WA FHTE =3kA|th ¥Eg 9008 FHE = F AlX 7kl ROS Ay Fe
o ZQl zkol= UATH (Fig. 4). Granulocytes®] ROS A #H& Hk-S- 108 3 1.3x
10° AUu.lom Azto] A#Age wet A&H o2 FUhste] whE 1808 Foll&
6.5 x 10* A.U.o| o]ZFt} (Fig. 4). Hyalinocytes®] ROS A ko wk-g- 108 & 0.3
x 10* AU.S o Ate] A ghel whe} Frtste] whg 1804 Fol& 3.2x 10°AU.

At} (Fig. 4).

-o-Granulocyte -O-Hyalinocyte
10 -
9 .
- 85
2
<
< 77
=)
x
£ 5
c
8 51
=
Q
B 41
o
S
S ;| *
(7]
o *
X 2 - *
1 4
0 T T T T T
10 30 60 90 120 180
Time (min)

Fig. 4. ROS production of the granulocytes and hyalinocytes of Mytilisepta virgate. Values

are presented as mean * SE. n=20. Asterisk (*) represent significant (t-test, P<0.05)
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difference between granulocytes and hyalinocytes.

3.3.3. Al=3 Y lysosome T

Granulocytes®] lysosome &3S 1.8 x 10° AU. + 0.8 x 10° AU. o
hyalinocytes2] lysosome $F&F-2 0.7 x 10° A.U. + 0.4 x 10° AU.©.Z, granulocytes’}
hyalinocytesoll H13] oA o2 (P<0.05) %2 lysosomee &3t AU (Fig.

).

30

25 A

20 A

Lysosome contents (1x10% A.U.)
o

Granulocytes Hyalinocytes

Fig. 5. Lysosome contents of the granulocytes and hyalinocytes of Mytilisepta virgate.
Values are presented as mean + SE. n=20. Different letter (a, b) represent significant (t-test,

P<0.05) difference between granulocytes and hyalinocytes.
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3.4. ZQ@AFNA e ET W3}

341 T3 AYE

Hesl 7o) ¥ YET FLEARVAE Y ANEL AL 2
WEHA gtk FA BHel =2 FLFABLAL = AL A}

Aoy == 66AIHEE HAZE ARSI AT (Fig. 6). =% 66A17F 3o &3] 5

AHES 7.1%Hom AZko] Faetel weElk FHAREol &

q
ol
of\
N
P,ﬂ
£
b
e
=
>

AN Fole 2E JRAZE #HASE T (Fig. 6).

100 -
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20 -

Cumulative mortality (%)

10 A

0 6 18 30 42 54 66 78 90 102 114 126

Exposure times (h)

Fig. 6. Cumulative mortality of Mytilisepta virgate.exposed to heat wave stresses.

342. F 4+ &

]

>
o

M)A Aol AT R F T F= HF 1.2 x 10° cells/ml ©] )
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% 3047F 3o HA 07 x 10°

b
e

o (Fig. 7). =7 FA9 F d7F<

cells/ml ol A =% 78A1%F Fo o 1.7 x 10° cells/ml 2] WS B AT} (Fig. 7).

B
nf

Sl &9 HX9 F dF FE =& A 1.2 x 10° cells/ml oA =% 6
AZE Foll 1.7 x 10° cells/ml 2 F7}3te] =& 18AIZM7FA] tl 7ol wls) foz o
2 (P<0.05) Ekou}, =& 3041 Fol 0.8 x 10° cellsimlZ Zraste] 2g F3

NZAA 279 F38A 2ozt AT (Fig. 7).

—O-Control (20 °C) -@-Heat wave (40 °C)
25 -

20 A

10 4

THC (105 cells/ml)

0 6 18 30 42 54 66 78 90 102 114

Exposure time (h)

Fig. 7. Total hemocyte count (THC) of Mytilisepta virgate. For each time and each treatment,
n = 5 mussels. Asterisk (*) represent significant (t-test, P<0.05) difference between control

and treatment group.

343. F AIEE

b

= A FA9 7 AAEELS 1.0 %A (Fig. 8). =T A9 T A

A

6AITI7FA] 0.6-3.0 %o 2 UAFA FAEHTH == 78A17F T

sl
flo
b
e
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65 %= 713 & =F 10241 Fol 9.1 %o HUES 71=3AT (Fig. 8). Z
doll =28 A9 T AEEE HE2T9 Zo|l =F 6647HA 02-08 %=
ReRs A kF T8AZE Foll 82%= IUIRF ¥ =F 102417 Fof

16.6%2] Hdigkol o227t (Fig. 8). ZHo =2 FAY

ek

T AEEe =F

rlo
ke

9047t o] FHEl= thETol Bls) FolH o (P<0.05) ®2 = HAUT (Fig. 8).

—-O-Control (20 °C) —@-Heat wave (40 °C)

- ) )
o o o

o o o
1 1 J

10.0 T

5.0 1

Hemocyte mortality (%)

0.0

Exposure time (h)

Fig. 8. Hemocyte mortality (%) of Mytilisepta virgate. For each time and each treatment, n =
5 mussels. Asterisk (*) represent significant (t-test, P<0.05) difference between control and

treatment group.

34.4. 7 DNA &%

= A EX

o

d5 DNA &4 5E 13.3% ATt (Fig. 9). d=7 EX9

3 DNA €4 EE == 2AZF T 40 %o HAAZS, == 66417 T 16.9%9)

br

H#S B9 (Fig. 9). ol =28 ©x9 87 DNA fragmentation A=+
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EE 66A7HA = 2T Zol7) glloy, dAE HAS =& 78A17F TR
E] DNA €457 F718te] =& 11447 Zole= Ao 31.6%° °ol28 thx+9}

ol &l (P<0.05) ztolE H AT} (Fig. 9).

—O—Control (20 °C) —8—Heat wave (40 °C)
45 -

40 1
35 -
30 -
25 -
20 -
15
10 -

Hemocyte DNA Damage (%)

0 6 18 30 42 54 66 78 90 102 114

Exposure time (h)

Fig. 9. DNA damage (%) in hemocytes of Mytilisepta virgate. For each time and each
treatment, n = 5 mussels. Asterisk (*) represent significant (t-test, P<0.05) difference

between control and treatment group.

345 BT AAX 59

A A2 A Fx1o] dF A EEL 602 % I (Fig. 10). tHET X

= AF 717 B HAA 46.2%, Ah 64.9%2 HLol AAEEE EAY (Fig.

10). =4 Ao &8 FXY T AAEZES =F 18AZF T 35.8%=E 7
a8ke] tizol Hls] fo]H el (P<0.05) AtolE HA o, o] FHE =& 9043t

S7kA 2T o)Al 2olrt AT (Fig. 10). LY == 10247 o=
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W7 AAEEO] FAS Lashel 8% ol2Hon ¥ 1MAWAA d2T

of Hla Aoz e AAEES EAT (Fig. 10).

—O—Control (20 “C) —@—Heat wave (40 "C)
80 -
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60 - * *
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20 A

Phagocytosis capacity (%)

10 A

0 6 18 30 42 54 66 78 90 102 114

Exposure time (h)

Fig. 10. Phagocytosis capacity (%) of Mytilisepta virgate. For each time and each treatment,
n = 5 mussels. Asterisk (*) represent significant (t-test, P<0.05) difference between control

and treatment group.

3.4.6. 7 Reactive oxygen species (ROS) A F

% A g7 ROS WAYTELS 14 x 10° AU. 9t (Fig. 11). hET X

o] AF MEZ U ROS WAL 16 x 10° AU. 9lA 3.2 x 10° AU.9] HY=Z AF

X
Jo
N,
n
32
A
i
«

H
=
e
ul®d
=2
b
e
(i
i’

A= dEzT 7974
¢l xtol= UAAY == ZHEQl 18A17F F o] ROS LA #o] 40 x 10° AU &

Z718te] 247 Tl He) AidoR Be e RAT (Fig. 11). e



U xZo] A&ASFE dF AME W ROS BT ALKHOE Taste =&

114X7F Fol= 1.0 x 10° AU.L 2 thxTo vs] fFozxog e g8 uyrt
(Fig. 11).
—O—Control (20 "C) —&—Heat wave (40 °C)
7 -
~ 6 1
)
<
2 51
S 4- *
g
R
o
g @d
4
1
0 T T T T T T T T T T )
0 6 18 30 42 54 66 78 90 102 114

Exposure time (h)

Fig. 11. Reactive oxygen species (ROS) production of hemocytes of Mytilisepta virgate. For
each time and each treatment, n = 5 mussels. Asterisk (*) represent significant (t-test, P<0.05)

difference between control and treatment group.
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&= granulocytes®} hyalinocytes”7} 8 AlE<Q Z o2 3= At} Granulocytes

= AZE 4 82& AHJEo] A= WA, hyalinocytess o] Ao AU &

l

A &R 2&9kth. Granulocytes®} hyalinocytes7} 8 - A|3EQ] A& M. edulis (Le

Foll et al. 2010; Renwrantz et al. 2013), M. galloprovincialis (Cajaraville and Pal 1995;

Carballal et al. 1997, 1998), M. coruscus (Yang et al. 2015), Perna perna (Barracco et al.

)

1999), P. viridis (Donaghy and Volety 2011; Wang et al. 2012) 52| 3|4k Gx|F& &

oly e} Cristaria plicata (Xie et al. 2011), Quadrula sp. (Burkhard et al. 2009) 52| 25

ol

G FENA BRIEAT} oLl = Crassostrea gigas (Chang et al. 2005), C. virginica

(Hégaret et al. 2003a), C. ariakensis (Donaghy et al. 2009b), C. nippona (Hong et al. 2014),
Ostrea edulis (Xue et al. 2001), O. circumpicta (Hong et al. 2013), Saccostre glomerata

(Aladaileh et al. 2007), S. kegaki (Hong et al. 2013), Hyotissa hyotis (Hong et al. 2013) &
] = (oysters), Ruditapes decussatus (Donaghy et al. 2009a), R. philippinarum (Cima et
al. 2000; Donaghy et al. 2009a), Meretrix lusoria (Chang et al. 2005) 5] clams 2
Chlamys farreri (Monari et al. 2007)2] 7}2]¥]5 (scallops)e] o]wjul FENA =

granulocytes®} hyalinocytes”7} =8 @ A2 A2 LA Ut

ojufdf o] dH=ZH f d7 o 7 FFHE ¥IEL F23 4

A

(Hégaret et al. 2003a; Soudant et al. 2004; Flye-Sainte-Marie et al. 2009; Donaghy and

Volety 2011), 2 A& (Fisher et al. 2000; Matozzo et al. 2001; Parry and Pipe 2004;
Gagné et al. 2008; Donaghy et al. 2010), ¥ *] 74 (Labreuche et al. 2006; Flye-Sainte-
Marie et al. 2009), % ¥ 241g-5 (Pipe 1990; Soudant et al. 2004; Chang et al. 2005;

Lambert et al. 2007; Hong et al. 2014) 5ol 2J&] thaFslAl WMaad 4= Ut o] AT

NM= FHEEAZIE ol&std FEAAFH 9 PN W F I+ F9
3 AEZ FFE FA 8L 7B (base level)S SHSAY. F2240EA
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o dYzZl ) F F £ HA 35x10°cells/ml, Hh 2.7 x 10° cells/ml M9 =
B 1.3x10°cells/ml 1Atk ©]= M. edulis (8 x 10° cells/ml in Coles et al. 1995; 4.2 x

10° cells/ml in Renwrantz et al. 2013), M. galloprovincialis (1-5 x 10° cells/ml in Carballal et

al. 1998), P. viridis (1.3 x 10° cells/ml in Donaghy and Volety 2011; 5.5 x 10° cells/ml in
Wang et al. 2012) 59 T2 @A FE F 7 F ¥=SAT. 8F T/ T
o 4+ granulocytes”} B+ 56.5% = 713 ko™ hyalinocytes®} blast-like cells©]

Z¥Zy 29.3%3 12.6%°] T4 BlE&S R T Granulocytes”} 7HE B A AlXE

O

A -2 M. edulis (Le Foll et al. 2010; Renwrantz et al. 2013), M. galloprovincialis

(Cajaraville and Pal 1995; Carballal et al. 1997, 1998), P. viridis (Donaghy and Volety 2011;

Wang et al. 2012), C. plicata (Xie et al. 2011), and Quadrula sp. (Burkhard et al. 2009)2]

HAFAAME B s U,

Granulocytes®} hyalinocytes 2]o| = wj-¢- gF2 A2 (N/C ration = 0.72)3}

717} wf$ 2S (A7 052 um) blast-like cellso] /71 H ATt o] e AZE

o AME ol fu BANL WA Y vo} HEaE MEe 54
& B olg® MEHE ATSS gId ouWAFSdA BFA =

haemoblast-like cells (Cima et al. 2000; Aladaileh et al. 2007) Z=+ blast-like cells
(Donaghy et al 2009b; Hong et al. 2014) 2 ™ & =] A T}. Blast-like cells 150 A =
o Q1A ol frEletol o] RAEA Fale] v oA AA Bl

HA ek W] Al ZEAMT] =

l
i)
o
[H
L
ox
fu}
fru
M
1
o
ol
N
=)
Sl
=2
L
rlo

ot

blast-like cellsS g4 /7T & Atk & &9, M. coruscuse] 53 Foltiet
T BgAn & o]8T % blast-like cellso] o] AFJAATE (Feng et al.

1977), FMEEA7E o] &3 A= o MEZF A EF/7F HA (Yang et
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al. 2015).

SiAF oluja Foll A AEH WAL AT

o

Fe=de JdAsL 7 Al

kd

Eo] o]F3te] 2]2H& (phagocytosis)S AU 3 £3} (encapsulation) = 23

o /1 AlZ+ett} (Chu 2000). 18]al AM3E lysosome W %2 7l4-=E3] a4E537 g

N

| 2444 F (ROS)EC] EHlEo HUS FE-=2S I3t} (Carballal et al.
1997; Donaghy et al. 2009). ©] AFANA F2=A {4 granulocytes7} 2] A 3Z
583 ROS WA FHo| 71 Eomw AExF U lysosome $HEFo]l b wo}
granulocytes”} FH WY M EQ o7 FJNHJY. HLE=ABHXA granulocytes
o] AME FHL hyalinocytes Xt} 58] o] =kom, ROS WAHE

hyalinocytes Tk 3W] ol BWtth FEE peRs Eavt Qo A%

Ir

(detoxification)®} o] (defense) Z}8& 3St= lysosome FHFE  granulocytes’}
hyalinocytes Rt} 28] o)A #=tth Granulocytes7} HY 7% B8o] 714 H&
AL EAF (muessels) M. galloprovincialis (Cajaraville and Pal 1995), P. viridis

(Donaghy and Volety 2011; Wang et al. 2012), Bathymodiolus azoricus (Bettencourt et al.

2009), =+ (oysters) C. gigas (Delaporte et al. 2007), C. virginica (Hégaret et al. 2003b;

Goedken and De Duise 2004), C. ariakensis (Donaghy et al. 2009a), O. circumpicta (Hong
et al. 2013), S. glomerata (Aladaileh et al. 2007), S. kegaki (Hong et al. 2013), H. hyotis

(Hong et al. 2013), 28] 3L clams R. philippinarum (Donaghy et al. 2009b), R. decussatus
(Lopez et al. 1997), and Mercenaria mercenaria (Tripp 1992)2] &L ojujuj Fol = 8}

37 u} ik

4.2. ZHRAGNA L ET W3
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Atk 29 FHoNA ol AAELS

e
!
r]I
2
rlr
Pyl
(@)
wn
i
oz
of
o
olN
N
p‘h
£

ojmjzj 7ol T o WIt= I FA oy dHZ NI 2 Alo]o
Aol o]z wel ZAET (Donaghy et al. 2009a). 2] 2% Chamelea
gallina (Monari et al. 2007), 2ol =Z% M. galloprovincialis (Malagoli et al. 2007),

A2 7o) 2% M. galloprovincialis (Malagoli et al. 2007)& & d+ F71 =

7Vsh= WHA, A4k4A o] =E % C. gallina (Pampanin et al. 2002; Matozzo et al.
2005), Mactra veneriformis (Yu et al. 2010)&= & 3+ F7} 439 3 29 E
Ao fFddd et 7 FUF FUIAY Zagth 78 (Cu)oll =EF M. edulis
(Pipe Coles 1995)¢} C. virginica (Fisher et al. 2000), 7F=5& (Cd)ol =% M. edulis
(Coles et al. 1995)°| A & & <=7} Z7}3F WbA, PCBsoll &% Chlamys farreri

(Liu et al. 2009), =7+ (Mn)ol] =Z% M. edulis (Owson and Hernroth 2009) | A &=

A7 7 gastgnh aEy o ATAE 9 B0 =FH FLEAT

g

Y

Ao BYZA F BT 7 2T Aolsk YU olHF AT ARNER 2

m

o] &Rt td - 7t AR HEA WEste AL oldsr] A=

g7el 243 o Fol W@ FAA A7t Basi

9 A ==d @A €7 AEE

(*2]

6 ANI7MA = 1% B qE

=
=

rlo
b

N

P

oF o AS 83t =& 78A17F T 82%E FE3 T 102A17F T

rr

o
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16.6%2] FHujgkol o=t o]9} =3 Al T DNA £4EE =& 78417 9]

SRE JUFsH7] AlZele =F 114417 $ol= 31.4%°] =239t 543 3

ol

H 3}of

=

e d7= 27] A8 2Ed 2 fEo 2 ROSS TS SV

o

. o]33d FE3F ROS A Zof o] MZe DNA A7AIEoA A7)} et

ol

= 497 A 4= Aok (Nikitaki et al. 2015; Hong et al 2019). 7]1& Ao M=

FA% F& ¥sld =&F" $A7F< M. galloprovincialise} M. californianus<]
€7 DNA & =7F S7Heke] RaHin. olflol= 37] Fol &8 vAE R,

philippinarum (Park et al. 2012)3%} 2 #%}7] Haliotis diversicolor (Hong et al. 2019)l

M= T DNAY &4%7E S718tqth o AFddAME 24 84 =29 &

S4B HA 79 ROS TAFo] =& Rk F7igho] #AEHULH, o] T
Abslh ~Eg 2ol od 2] DNA &5 AlEEC] S718 Zo= AIRdET

ol Fo] T AAE FEI ROS LA FHL g ~EdHzd O
3l EdFY AzA " FES Hristed Mg £ ARE AREREHY
(Donaghy et al. 2009; Hégaret et al. 2011). FxF< HF 129 7|5 =4
M. galloprovincialis (Mosca et al. 2013)9] &7 A A EZ&o] A o, vt iba
Z3} =9} AbA3le)] =2 M. coruscus (Sui et al. 2016)2] - 2] A E&o] A3
o} 183 229 :=F% M. coruscus (Wu et al. 2016)2} M. edulis (Mackenzie et al.

2014)¢) BF ROS BAFol FAYUT of ATNAE B B0l w2 F

re
it
©
gl
-
1>
X
3=

o] Astdo] FJAFHAT. T2 €5 ROS LA TF

& wF zwelE F7EAT), £ 247 ol FHE A&HoR zhastel

br

= 114747t o) Folle tHEz7RE0 3u) o) Z&astth ol FXA|7F 40°Cel =3

B0 ALH o2 mEgel Wt 52 DNA &4 S o 19 7)so] &
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A=l ROS T4 wHo] AstE= 2oz Asd

o = 4 EX I 7]sl wet granulocytes, hyalinocytes, blast-like cells<]

A7HA F5=2 539 Granulocytese AlZZ U #e AHES {3t 9

Ao, AAE FEI ROS HA FHol M wow A=A U lysosome 3TF
o] 7bg Wol MEA WYL I T8 WY A=A ZoF Flo] HAUG

40°Co £ Ao == A= =F 66417 o]F FHAF LAsk 12647

Fol RE AAZ AMSAG FG BHAA Aohde FABL wF Euo

FEWo ohe A4 (lethal) FE FFol Ue F AL AT F AU
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