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Y 13 8 AR G ) B 2T Ak 7K AR (500 L) , et
VP UBFIERIME BE W FRFE K ERE R (30 £ 1), fHFR
(7] 43 K AL M1 35 ( Thalassiosira pseudonana) | ¥ &
H1.0 x10° A/ mL, SEE AT 57 5 do
1.2 IMmiHEREMZMBRITE( THC)

fEHIECA 22G #1319 1 mL 73 5 & A DL P4
SENLAL il BB bk B o A A DL SR 1 omL i ik
T, T AR 2E S BRI 6 IR DL I Ak 12
WOR A HEAT 40 o Ik EAE VK b Al A7 B 2 A0 3
DLBe KRR B2 ot o 2 20 B 3 4R B . T
Multisizer™ 3 & /K 4 Wi ki 1 %t /X ( Beckman
Coulter 23 ] ) W 7 I bk B2 v 40 Ffd 9 94 32 (B 22 T
18 200 K00 F0 R /NI a3 A o A, fF 0.5 mL
LR EL A E] 9.5 mL ISOTON® 11 i, 4 UK
XF 1000 pL B A E w4714 i Multisizer™
3 W4 34T B0 ¥R 2> #r ( Beckman Coulter, Inc. -
4300 N. Harbor Boulevard,Box 3100 -
California 92834-3100,USA) ,
1.3 RmAHEmEA

R A1 Ik 2 i BD FACSCALIBUR i 2
i Jf14X (BD Biosciences 22 &) 73 #7 , &> 48 B (14
R 82 6 R il Z Hif , E Je X FSC S {E #E 17
Ve, LATH B 40 M e 7 A0 At 2% T i 4. 40 i
53 & LA 40 B A X K/ (FSC i) ki B2 (SSC
) R o BRI, XF 20 000 4~ 41 Al i 47 43 H7
o UE R R ff AR T 250 A/s. R A BD
CellQuest"" Pro k{1 3k 17 44 43 #7 .

mpes & AT T E (PT) I & if 2
FRIBE T3, PT AN RE 28 325 1% 41 B 19 [, (5] DLtk A SE
AN AT DNA e 0, DT AR 385 58 40 M f) 5 €5 1 151]
e e ML T2, K 10 wL A5 1 mg/mL ) PI
75 (Sigma Aldrich) Jil A #] 400 L it 3ff B v, 45
Jo AR SR REAL 30 min, Gl R P EEG Y 240
AT T L EREC 1 0 FeH R A AE TR

B AR A it AR S0 240 1 A Wik 5 6 sk 1)
RSP o0t DAAAE MR 1 3 A ai L B9
RG240 M A A7 Wk DD BE , LA A 20 B sl St as BE
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AT Er R AR SR EARTA MO0
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R LTREE (FDA, Sigma) X Al 45 53 5 i i 75 1k
PEATPFHT . FDA ¥ f# 42 — B E 0 (DMSO) Hr,
Bk 0. 04 mmol/L, i 7 T - 20 CHEN B .
FDA AR (400 pmol/L) Flid I8 K i g K 10 %
His BEBE W A o 400 L MR ELHIA 2 wL FDA T
VEWRAE G 25 3 T AL 15 min, 2R 50 I 20 il
o7 T A0 L G L R T A TR T A

EEALT PSS F iy 7 sl ] 277 -
4 W Z 1 4 ( DCFH-DA, Sigma ) il ##, DCFH-
DA ik A 40 fifd /K fi% i, DCFH, 40 Jitd N i) DCFH
MR 7 SR AL LR 96 Y DCF, 10 mmol/L
DCFH-DA fill A £l| DMSO ¥ H, i i 8 K g K
B WO BE 10 £ o BT 4 WL DCFH-DA i
AF] 400 L 9 I bk B b, 72 50 kDG BE A 15
min JE1T i A ALY ERAG I

P TAEA TS vh ok fd F — 2% FHB 123
(DHR123, Sigma-Aldrich) ;] , 5.0 mg DHRI123 Jji
A% 10 mL [y DMSO [ % DHR123 T/ ¥ (145
pmol/L) . 400 pL Mk E % AN 2 pL f9 DHRI23 T
VEWFFAE 30 min, H] CellQuest K 4 rp i) & 47 FLfif
(arbitrary unit) #/RTEHE ST E (AU,

EERASE RS SR IN E
438 B 3% 7 £ ( LysoTracker® yellow HCK-123, 1
DMSO, Invitrogen ), 1 uL #)
LysoTracker fill A ] 400 wL f#4 Ifil 3k & o, 76 28 1%
i AL 2 ho H] CellQuest # {4 9 H) L A
B (arbitrary unit) R E A SR (AU ) .
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35 2R Tt DU B b T2 /5, 4 SO L 1 bk 2235 72
3% B I (Menzel-Glaser, Germany ) ., 4 il %l & 75
A bR E 20 min, SR )5 76 1 P E E 20 min,
Fe s WG 200 WP BRI 5, 3% v 76 7% 31 Giemsa
Tt 30 min, P B BR % iU U (PBS: 136
mmol/L NaCl, 2. 68 mmol/L KCI, 10. 14 mmol/L
Na,HPO, ,1.76 mmol/L KH,PO,,pH 7.5) J5 &<,
HT AR A B B OR B G B €, R R RURL B
Jeploby 20 0, 3 v JT b M A RS EF R ) ( Fisher
Scientific, USA ) & J, 4K J5 76 06 % W 3 35 F WL %¢
( Axioplan 2 Imaging, Carl Zeiss, Germany ), &1
& 1% i fi Color-View II CCD 4 1% #1 ( Olympus/
Soft Imaging System, Germany ) #1 F& . 21 ffd 71 48 it
i B AR B R 23 B 844 (Olympus Soft Tmaging
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TEGL LM A 53 BT 5, WO R A B 9 e g £
MR E AR 5 50 L, £ 45 A PI, Fluorospheres, FDA
DCFH-DA ,DHR123 FlI LysoTracker 2 4t {4 J5 ) £
it , 4% PR BRAE SO0 B AU T AT 40 i S g
W% (Leica DMI3000 B, Germany ) , 7% 51 2¢ 't I8 BH
H1 K IR (HBO-100W) $2 8t , ffi F Y5 (3% : BP620/
60 ; & :BP700/75 ) 31§t o WE % PT % 48 1) i 3k E2 24
il ,GFP( %% : BP 470/40; % f§t . BP 525/50) 3 6 1+
WS AN A Z 80 g4 €5, I ik £ 40 i 1 ¥ ' CCD
1% (Leica DFC 420 C,Germany ) 4118,

1.5 SHitoHh

IHFZHT, B 25 Shapiro-Wilk ™ s #6 36 46 #F
IS A, AT Levene” s 4 56 46 A 5 22 W) Bt 1%
JIT A B o3 B fdi T SPSS 16.0 Geit it . H v b

S AL S BT AT HEAT SOIE R A o R R R O 2%
53 H7 (One-Way ANOVA) Fll Tukey £ T L #EAT
ANTA) i bk B2 40 B R B RF R LB, A P < 0.05
RFELRBFE, 451 F]R N mean + SD,

2 5

2.1 MmiKkEBHEEEHMNE

S5 AR T DL it bk EL 200 O R e £ (7 S A o B
M B A A, I R B AN TR KN B
(B 1) o RuE g R0 F & iy 20 @ 5806 A1 /b 5
P A o R . AR i A% 0 1 A L €5, 3 2 2 i Bl
B 5 Sy W TR AL A i o 3K S 24 AR 4 /N R
FERTHE— 2500 S 3 A2 AL R 40 A, 2 40 A A
ERLANML . BB A A A A AR D B B

®1 SWAERMARZTAREEZURZ/ Rt

Tab.1 Nucleus and cell diameters and nucleus/cell( N/C) ratio of each hemocyte type

o 41 i 4%/ wm nucleus A/ um cell 1%/ 5 b N/C ratio
A I £ bR BoME S EORE PEIH bR BoME O RORME P s bRMER BUME BRI
mean + SD min max mean + SD min max mean + SD min max
H 123 2.35+0.53° 1.17 3.89 4.69 £1.01° 2.33 7.45 0.50 £0.06° 0.41 0.63
G 143 2.05 £0.40°" 1.42 2.62 7.49 £1.32° 5.39 11.02 0.28 +0.05° 0.20 0.39
SSG 137 1.96 £0.28° 1.43 2.39 6.64 +1.05° 4.87 9.21 0.30 +0.04° 0.23 0.38
SG 118 2.73 £0.52°¢ 1.93 4.21 12.45 £2.21° 9.29 18.70 0.22 £0.05° 0.13 0.34

T B B AN ) A 7 BE AR AS ) YA ) 2% 52 S 3% (ANOVA Tukey P <0.05) . n: 405 47 ke 5 SD 2 b #E 2% s min: fiz /)M 5 max : i R

B H 3B W AR 5 G B2 Y 5 SSG e /N R 40 i 5 SG - 2 ks 40 i

Notes ; Different superscript letters in the mean values columns represent significant differences among hemocyte subpopulations( ANOVA Tukey

P <0.05). n:number of samples analysed ; SD:standard deviation; min:minimum value ; max : maximum value; H:hyalinocytes; G : granulocytes;

SSG :small semi-granulocytes; SG : semi-granulocytes
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Fig.1 Light micrographs of hemocytes of P. viridis
Arrow  indicated indicated

hyalinocyte, black triangle

granulocyte, white triangle indicated semi-granulocyte,

translucent triangle indicated small semi-granulocyte
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Fig.2 Two aggregates of different sizes under identical magnification

Red hemocytes indicated granulocytes and semi-granulocytes,and blue hemocytes indicated hyalinocytes

B3 RS 0 M 4R B 5
1. BET M40 AR A0 A% B PT e (5 (L0 €0) 5 2. FLAw WA AT 20 L & A7 2k OBk (4 () 5 3. A0 ML A 4 e PR AR 9 FDA L (8 (4% (1) 5
4. 4 /s ROS 3¢ DCFH-DA J 4 (¥ (1) ; 5. 41 ROS % DHR123 Je (4 (1) ; 6. ZH AT A 144 LysoTracker B2 (5 (5)

Fig.3 Fluorescent micrographs of hemocytes stained by different fluorescent dyes

1. Cell nucleus stained( red) by PI for hemocyte mortality; 2. Cell contained green fluorescent microspheres( green) for phagocytosis; 3. Cell
esterase stained ( green ) by FDA; 4. Cell ROS stained ( yellow ) by DCFH-DA; 5. Cell ROS stained ( blue) by DHR123; 6. Cell lysosome
stained ( purple ) by LysoTracker
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B4 BRI EEE 0 8 M 20 AR K /N 8L & 45 ( Multisizer 3)
(a) MBR A A, AL wm; (b) MERIE AL, A7 wm? s (c) MBRARL, AL wm® o & FUEDURSE 1.0 mL ik e, 4453 BT I 42 10 A4S BF
R 6 R (n=6) K 0.5 mL A% G H A 9.5 mL isoton IL R B, X | mL #f & HEAT /04T . B BRIT40(THC) H 2 /R B 3
HORR PR A 2 T I3 EL R AR A (5. 54 £1.30) x 10°4
Fig.4 Hemocyte size frequency distribution measured by Coulter counter ( Multisizer 3)
(‘a) hemocyte diameter,unit um; (b)hemocyte area, unit Mmz ; (¢)hemocyte volume, unit Mm3. For one mussel, 1.0 mL hemolymph was
sampled , and ten samples were pooled for each analysis(n =6) ,then 0.5 mLsample was added into 9.5 mL isoton II diluent,1 mL mixed

sample was analysed. Total hemocyte count( THC ) evaluated by Multisizer 3 was (5.54 +1.30) x 10® cell/mL hemolymph
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Ca) I 20 Bt P, 27 Al /0 (RIS 1) S, FSC ) , A B9 52 % 1 (00 1) #5038 D', SSC{BD) o 3 A4 I bk B2 400 i MU 7 0 S 1) o 2
Brigi's RUCAL, RiA0ME) ,R2 (S k) AT RICE @, BWIAIM) 1. (b) MG FSC (B 7E i BRA: fh P 240 M 1) /N EE B AN 20 A (n =
12,0one way ANOVA Tukey test,F =100.197 ,P <0.001) , FIARL (B X 3 WA K /N s, L E R B0, ()R
i SSC {F 75 1 EREE i o 41 1 & 24 P L8 R 42 A (n = 12, one way ANOVA Tukey test, F = 302. 606, P <0.001), 3 /4~ [y SSC
155 % 6 ML 12065, 1 5 26 3% A0 Ao (d) 5 20 000 A0 Fiv 3 A~ AR ) 9 1 200 M8 17 43 L o2 (n =7, one way ANOVA Tukey
test, F =40.835,P <0.001) , K [f] 5= £ F2 75 41 ) | 3% 2% 5
Fig.5 Classification of hemocyte subpopulations by flow cytometric analysis

(‘a)dot plot displaying of blood cells, expressed as cell size( forward scatter, FSC value) , versus cell complexity ( side scatter, SSC value) .
Three subpopulations of hemocytes were delimited by off-line analysis| numbered R1 (red, granulocyte) ,R2 ( green, semi-granulocyte ) and
R3 ( purple, hyalinocyte) ]. (b) distribution and comparison of cell size in terms of FSC value in the hemocyte sample (n =12, one way
ANOVA Tukey test, F =100.197,P <0.001) . Cell sizes of the three subpopulations were superimposed in the corresponding colours, blue
line indicated total distribution. ( c¢) distribution and comparison of cell complexity in terms of SSC value in the hemocyte sample(n =12,
one way ANOVA Tukey test, F =302.606,P <0.001). SSC signals of the three subpopulations are superimposed in the corresponding
colours, blue line indicated total distribution. ( d) comparison of numbers of three different hemocytes in 20 000 events(n =7, one way

ANOVA Tukey test,F =40.835,P <0.001) ,different letters means significant difference among groups

RAXABMERESEIN Lo M, 32 1) 440 ) P T AR B R T R A A
o e st L 20 M R PR T R B RR(P <0.05)

(1 6) , FHIRES. 0% . %HF 3 A ERERTET %
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() ML 40 M R o (b) 8514855 43 R 7R 7E— 4> log-mode ' P A ik Aty 100240 A AHAS OB IR BE o 78 ML X RT LIS 21 285 58 5635 4
B9 DNA &4k 0 i S50 M2 DR B AH X ¢ i B2 A9 08 T A MR AT PT e €0 20 (0 37 R 2 ML , ¢ (0 3 7 2 b 20 M, 5% 65 3R 328 W 4
Mo (e)3 AT AR AYSET-F L4 (n =6, 0one way ANOVA Tukey test,F'=26.016,P <0.001) , AN [ "7 1 7 4 [7] (1) fgb 3 2 57
Fig.6 Dot plot of hemocyte subpopulations and their related mortality
(a)dot plot displaying of blood cells. ( b) The frequency histogram shows in a log-mode the relative fluorescence intensities of hemocytes
marked with PI. Morphologically intact cells with intact DNA content could be observed in the gate M1 ,by setting the gate M2 with higher
relative fluorescence intensity apoptotic cells are stained by PI. Red colour means granulocyte, green colour means semi-granulocyte, purple
colour means hyalinocyte. ( ¢) comparison of mortality ratio of three different hemocytes(n =6 ,one way ANOVA Tukey test,F =26.016,

P <0.001) ,different letters means significant difference among groups
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7 I 48 B P B 0 I 2 B 5% S BRI A AR X I B S 0R BE B B R I
(a) I 240 AN FECER BT o () BRI AG AT, FE SRR 1 40 M (M) X5 T 75 Wi 56 BOek (9 i 20 M8 (M2) o M2 B9 o 8] T 4t Ak
AW — A B 2 ORI Y L BB B . AT G R AR, SR R R RN, SR R R BN B A R B B R R R
JatER . ()3 AN [l i 40 0 1) 5 Wk 53 R HE 4 (n = 6, 0ne way ANOVA Tukey test, F =44.629,P <0.001) o (d)3 A~AS [ ¥ i 40 1
M3 I PERE L% (n =6 ,0ne way ANOVA Tukey test,F =23.545,P <0.001) , A [f] 5= B} 32 7 21 (] () S 35 25 5%
Fig.7 Dot plot of hemocyte subpopulations and related phagocytosis fluorescent intensity of
haemocytes incubated with fluorescent beads
(a)dot plot displaying of blood cells and fluorescent beads. (b) The frequency histogram, the endogenous fluorescence of cells without
beads (M1 ) is easily distinguished from that of hemocytes( M2 ) phagocytizing beads. The bar M2 represents the position of the marker used
to quantify the proportion/performance of cells that had phagocytized one or more beads. Red colour means granulocyte, green colour
means semi-granulocyte, purple colour means hyalinocyte, orange-red colour means total, blue colour means fluorescent beads. ( c)
comparison of phagocytosis percentage of three different hemocytes(n =6,one way ANOVA Tukey test, F =44.629,P <0.001). (d)
comparison of entire phagocytosis performance of three different hemocytes(n =6,one way ANOVA Tukey test, F =23.545,P <0.001),

different letters means significant difference among groups

B R AR EREEE R BI(P <0.05) , SR P FORLAN I 2 18] O B 2
F T EWIAM (P <0.05) , {H 76 7 FhokL 40 i ] 225 (8 9) o MR4s DHRI123 e 1 5 i 2 45
BAREER(ES8). AR RN A 1 P R R T A i

EWAST % {fiH] DCFH-DA (0 i (P <0.05) , P Mok 40 it =2 18] 5 A7 2 3% P 22 52 ([
N, IR B ORI A B R s PR s 10) .
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Fig.8 Dot plot of hemocyte subpopulations and related esterase fluorescent intensity of haemocytes

(a)dot plot displaying of blood cells. ( b) The frequency histogram, endogenous fluorescence of cells without esterase ( M1 ) is easily
distinguished from that of haemocytes stained by FDA ( M2). The bar M2 represents the position of the marker used to quantify the
proportion of cells that contained esterase. Red colour means granulocyte, green colour means semi-granulocyte, purple colour means
hyalinocyte , blue colour means total. ( ¢) comparison of percentages of three different hemocytes showing esterase activity(n =6,one way

ANOVA Tukey test, F =57.607,P <0.001) ,different letters means significant difference among groups
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Fig.9 Dot plot of hemocyte subpopulations and related ROS fluorescent intensity of
hemocytes incubated with DCFH-DA

(a)dot plot displaying of blood cells. ( b) The frequency histogram, endogenous fluorescence of cells without peroxidase ( M1) is easily
distinguished from that of hemocytes stained by DCFH-DA (M2 ). The bar M2 represents the position of the marker used to quantify the
proportion of cells that contained ROS. Red colour means granulocyte, green colour means semi-granulocyte, purple colour means
hyalinocyte, blue colour means total. ( ¢) comparison of percentages of three different hemocytes showing peroxidase activity (n =6, one
way ANOVA Tukey test,F =17.867,P <0.001) ,different letters means significant difference among groups
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Fig.10 Dot plot of hemocyte subpopulations and related ROS fluorescent intensity of
haemocytes incubated with DHR-123
(a)dot plot displaying of blood cells. (b) The frequency histogram, endogenous fluorescence of cells without ROS ( M1 ) is distinguished
from that of haemocytes stained by DHR-123 (M2 ). The bar M2 represents the position of the marker used to quantify the performance of
cells that contained ROS. Red colour means granulocyte, green colour means semi-granulocyte, purple colour means hyalinocyte, blue
colour means total. ( c)comparison of percentages of three different hemocytes showing ROS (n = 6,0one way ANOVA Tukey test, F =

7.319,P =0.006) ,different letters means significant difference among groups
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Fig.11 Dot plot of hemocyte subpopulations and related Lysosome fluorescent intensity of

haemocytes incubated with lyso-tracker

(a) dot plot displaying of blood cells. ( b) The frequency histogram, endogenous fluorescence of cells without lysosome ( M1 ) is

distinguished from that of haemocytes stained by lyso-tracker( M2 ). The bar M2 represents the position of the marker used to quantify the

performance of cells that contained lysosome. Red colour means granulocyte, green colour means semi-granulocyte, purple colour means

hyalinocyte,blue colour means total. ( ¢) comparison of percentages of three different hemocytes containing lysosome (n = 6, one way

ANOVA Tukey test,F =15.813,P <0.001) ,different letters means significant difference among groups
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Characterization of the subpopulation and flow cytometric analysis of
immune-related parameters of hemocytes in the

green-lipped mussel Perna viridis

WANG Youji'*, LIN Jiangxing', LI Qiongzhen’, HU Menghong',
WU Fangli', SHA Yijie', LV Weiqun'"
(1. College of Fisheries and Life Science ,Shanghai Ocean Univerisity ,Shanghai 201306 , China ;
2. Guangxi Institute of Fisheries,Nanning 530021, China)

Abstract; To provide a better understanding of the role of hemocytes in internal defence and to expand the
knowledge of environmental immunotoxicology in P. viridis, it is essential to explore the fundamental
knowledge of hemocytes. Three major types of hemocytes were identified in the hemolymph, including
granulocyte , semi-granulocyte ( small and large sizes) and hyalinocyte. Granulocytes were intermediate-sized
cells with diameter of (7.49 +£1.32) pm and accounted for 40.4% +8.4% ,containing numerous granules
in the cytoplasm. Semi-granulocytes were the largest cells with diameter of (12.45 +2.21) pum and
percentage of 34.6% +9.4% ,containing some granules. Small semi-granulocytes were only different from
semi-granulocytes in the cell size with diameter of (6. 64 = 1.05) pm. Hyalinocytes were the smallest
[ diameter, (4.69 +1.01) pm]and least abundant(15.6% +4.8% ) with few granules. Flow cytometry has
revealed that the dense-granulocytes are the most active in cell phagocytosis, whereas the dense-granulocytes
and semi-granulocytes have similar activities in terms of esterase activity and reactive oxygen species( ROS)
generation. In contrast, the hyalinocytes showed the lowest levels in phagocytosis, enzymatic activities and
ROS production. Hyalinocyte mortality was higher compared with the other two hemocytes. The immune
functions assessed by the flow cytometry indicated that the granulocytes are the main hemocytes involved in
the cellular defence in the green-lipped mussel.
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