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Immmune parameters of the Manila clam Ruditapes philippinarum collected from four tidal flats, Nudong,
Gonam, Hwangdo and Bangpo on Anmyeon-do, Korea were optimized and evaluated at the single cell
level using flow-cytometry. Hemocytes were withdrawn from the sinus of each clam, and total hemocyte
counts (THC), phagocytosis rate, hemocyte mortality (HM) and DNA damage of hemocyte were analyzed.
The highest hemocyte counts was recorded from the clams collected from Gonam, followed by Hwangdo,
Nudong and Bangpo (P<0.001). Phagocytosis rate and hemocyte mortality of Gonam and Nudong clams
were significantly higher than those of clams from Hwangdo and Bangpo (P<0.001). DNA damage in
the clams from Nudong was higher twice than that of clams from Gonam (P<0.05). We suggest that the
flow-cytometry has a high potential for evaluation of immunity of marine bivalves.
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Fig. 1. Locations on Anmyeon-do in the west coast (Yellow
Sea) of Korea. A, Hwang-do; B, Bangpo; C, Gonam; D,
Nudong.
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Fig. 2. Flow cytometric measurements of hemocyte counts
and hemocyte mortality of the Mania clam. A, FSC/SSC
density plot in which hemocytes were distinguished from
unknown particles by gating R1; B, hemcytes were confirmed
by staining with SYBR green which can stain nucleus
specifically; C, hemocytes stained with propidium iodide,
in which over stained cells were regarded as dead cells (M1).
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Fig. 3. Phagocytosis of fluorescent beads by hemocytes of
the Manila clam measured by flow cytometer. Phagocytic
ability was defined as the percentage of cells with one or
more ingested fluorescent beads (M1) within the phagocytic
cell population (R1).
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Fig. 4. Measurements of DNA damage by flow cytometry.
The cell cycle distribution and quantification of DNA
fragmentation (M1) were determined by the fluorescence of
individual cells; 10,000 events per sample were analyzed,
and the percentagé of cells in individual cell cycle phases
was determined in SS Log/FS Log and FL-3/Aux (FL-3 peak)
dot plots, and FL-3/counts histogram.

Table 1. Shell length and tissue wet weight of the Manila
clam collected form Gonam, Nudong, Hwangdo and Bangpo
on Anmyeon-do, Korea. SD, standard deviation

. Shell length Tissue wet weight
Location N (mm) £ SD (@) +SD
Nudong 30 35.38+3.17 2.137+0.707
Gonam 30 35.26+2.49 2.386+0.621
Hwangdo 30 36.34+2.35 2.337+0.489
Bangpo 30 37.91+£2.96 2.918+£0.926

= 5.62%%} 5.51%°] BT AMYE&S KRl =9} ¥ upx)g
ol Hal] oF 38} o]/o] zto]E el Zolth (P<0.001). B}A]
g Yo e AAXEE gy F59 uiA|gre] 4zt
33.18%%} 36.53%2 UEb ou w9l W npx|ge] A$
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Fig. 5. SEM image of a granulocyte of the Manila clam.
C, cytoplasm; arrows, pseudopodia.
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Fig. 6. Typical flow cytometer density plot of the Manila
clam hemocytes, Forward scatter (Linear scale) vs. side
scatter (Linear scale). Three distinct population of hemocytes
are apparent. R1, granulocytes, R2, hyalinocytes and R3,
small agranular cells.

16.98%%} 19.37%2 JEFATHP<0.001). 22| HF & P
FE 1 vRx|gho] ok 120 ¥Wll/mLE 7FE B4 ZAF HA,
Holo] % ukx|2H(70 THmL), F+5 BFRAIZHS5 TmL), WE
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Fig. 7. Comparison of immune parameters of the Manila
clam collected from Gonam, Nudong, Hwangdo and Bangpo,
Anmyeon-do, Korea.
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AZAH HY 71%5E 437 43 oz & FAE
E247]|(Flow cytometer)7} R1H 3] o851 glth o] Wiyl e
N8 MAEL A7) (forward scatter)} U E(side scatter) S 2
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o) W& o] &3l A FZ(Crassostrea virginica)¥ =
(C. gigas) 872 e 2ol o3 - FHehe] EFof
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weh FPAE, FRHT T FL 7 AE] 279 1
4x7t & ¢ 3o o zF o 4o 2 F A
om) g} w3 o]} o] HFA X FeH po)o W
5 2 AR 7Y B9 987 Bcell T HIME
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71%& olsisl=n FastA o] &5 TtHRenneseth et al,
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Table 2. Correlation coefficients between immune parameters of the Manila clam from 4

as significant correlation

locations. P<0.1 was regarded

. Hemocyte counts Dead cells Phagocytosis
Location Parameter — — -
coefficients P coefficients P coefficients P
Dead cell (%) -0.408 0.025 - - - -
Gonam Phagocytosis (%) -0.408 0.007 0.008 0.965 - -
DNA damage (%) -0.327 0.078 0.608 0.000 0.093 0.627
Dead cell (%) -0.152 0.422 - - - -
Nudong Phagocytosis (%) -0.707 0.000 -0.153 0.419 - -
DNA damage (%) 0.325 0.091 -0.244 0.210 0.069 0.726
Hwanado Dead cell (%) -0.447 0.013 - - - -
g Phagocytosis (%) 0.044 0.822 -0.138 0.475 - -
Banapo Dead cell (%) -0.415 0.022 - - - -
9P Phagocytosis (%) -0.318 0.087 0.181 0.022 - -

Z 234 o]8= = AL Ao|KFournier et al., 2001).
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¥ el ¥
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