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AdEEMNMMBESE . EUERERFEAR
RAE AR EI B R B E AR I A

(L I A R 2 B 0 2 A 3 R OBF E
BEAEBELENT R R T EEANAERLLE . E®E BT 571101;
2. EAFEARFFR, REAXFRELZAFEELELRE, 7K M 51063D)

FEE . A0 H A B 5T S G e ad R PR AR L R T BB (Cherax quadricarinatus) N[5 28 89 1l 41 g 45 44
S g AT Bh T HOW E B iE . N R X0 I AR (FCMD L AR 908 A1 1) £ 50 Y6 (CFSCO FHm iy £ 55 6 (SSC) #Y 3%
JIE 2 5 6F i 40 0 30647 43 2, ) P R Sk 0 S Y R R AT AR AE L 4T I A0 B B CTHO) (2o A B0 L B IR B0 5
WG 1 R (ROS) i . — AL A (NO) & & AEE R PR BR A 0 ) . &5 58 WoR , B FCM 1T DL IX 43 325 B 41 i
(HO) 2= BURL 20 L (SGO) A BURL A0 I (GO =8 L 40 g, F6 o5 L4330 9 9.82%0.61.11 %0 il 25.24 06 s LT B BL IR T 1
I 28 i BB (THC) Jy(8.434£0.87) X 10° A4~ /mL; GC & A fx 228U 1 2R & RN i i, HC & it i b s HC.SGC
M GC BB MER S50 2.54% . 14.45 % F 6.98 %, SGC T WEH f1 fe i, HC # 55 ; HC.SGC 1 GC B 14 (ROS)
S s 7.80.45.95 A1 134.69 AU,GC 19 ROS %/ fj i » HC S il s HC.SGC 1 GC 1y — A AL A (NO) 7 i1t 4
B K 8.20,79.78 Il 344.31 AU, GC 8 NO & &8 i . HC £ ik s HC.SGC M1 GC 1y 3F 45 5 1k g i 1% 1 20 % A
86.59.121.84 Fl 236.91AU, GC Y l5 B 16 77 5 » HC e fi . WFFRR W, 2088 2005 = 28 il 40 Mo 7 T 28 45 4 B0 i &
GEERRE LR R, SGC W E I WG Sy ik GC & I 2 5 fE & 1k 07 58 B 40 40 OC 19 40 A 45
WA 3R 1 FALIE J1 RIBREENE 77, 3R W] GC Al SGC J2 212 B UK G 32 B 180 2o 2 v J 44 32 %8 4 T 0l 4t 2 Y

KR L BB R s A s e
FEZES:Q503 X kR ER A

LT FE MR (Cherax quadricarinatus) X PR 8
ROKIEIF, 20 #4290 ARG AT TR, th T A0
R D0 S5 T FLAR 5 0T B, 57 58 8 BE A 31 R
T AR L PLAA T I B T R R SR R
KT B2 AR AN M AR AR 22 3558 5 A B2 SR OB 1Y
B ARTRIH A 5 o — 7 T v TR UECI B T 3 7 5K
TR B S, N TSR B A & 43 A, 7E H R 3R
205 (8 5 Ty T BE B B ) 21 B BRI AR AR AR
sy o 22— R 1] 2 2 AR

MR 28 B B 328~ T 5 S O 5 By 428 1R | B0 ik
filt o AR R0 100 200 D R SIS fp i o AR o R 4 R AR
F AR T BOR T Bt BRI 08 25 i 40 i 79 D RE D5
AASE TR & B Ko 21 6 0 0 o 240 i 7 F 5% O S e =
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W 24 0 200 JL— A T 43 Sy 35 B 4 2l JI0RE 240 it /N
7240 D R0 UL A A R BORE 48 i) =28 (R 22 48 55
2002; e 4, 2012) . LAA: M B T W oW 84
AR 5T % 3, J0RE 4 i A0 f YA 240 A 2 i A7 A RE
T S AR T 2R 9 Y 240 M 288 Y L 5 2% L 240 B 7 A
W5 E W AFETE 2 R (Hose et al, 1990; Johansson et
al. 2000; Liang et al, 2011), ¥ 40 M A (FCM)
ST AN LK Y- b AT PR R A EE A R
Ik ARG W LA K o 45 3l ) 0 52 vh 45 30 T 3z i i H
FCM Y51 AR Ay R 2 s 40 it 45 ¥4 1 2l i AF 5% 42 43t
PR DR |5 A A I T B, i A R 2SI 240 A A TR
AW 58 (Ve fid 2245, 20155 20165 JE75 %5, 2017),
DO REA - <3| SN T VAR S 2 1 1 S 2 U B U
IRF T (BRZFEAE S5 . 20025 B A, 2014) , Holn 40 s 6
RETBE I 18 A W 5% B AW 5% A R =X A M R
(FCMD) J7 12 43 B 2185 5 0 1t 200 M 4 43 25 L 465 44 Fn f
REDIHE LA S LA 2% FUi 3 B IA 4 AL 2 il B

1 #HEMFTIE

1.1 SKIEH#
ST BB R T T A BRI T RS SR B O O B A
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H(13.9351.43) g. 1655 % BB A 4F T 247 9
Fr KUK pH 2 7.9~8.0, i BE (24 £ 2)°C , {7 F7
SIFHEAT R IR L uE . ISR 1B L e WA R T e
PR R S8 A TS R T S A B R EAT S

1.2 Mm#E R &

A 2.5 mL — Y T 45 I HC 600 mL B ¥4 1Y
PUBER CRIATHE 20.5 g/ L AP IR B4 8 g/ L, A AL Eh
4.2 g/L,pH 7.5) 8K J5 NS () Bl 0o B b A% £ 7Y
Mk B, H 3 T 48 M %L (total haemocyte
count, THOMSE , M5 H B 48 bR I, fn B 4% 1 4t
e LA MR FE 29 R 1 X 10° A /mL, % B E I
FIRD L 94 L8 A Ay B A S R AT I E L A 48 AR I E
15 REIF,

1.3 RN

Jir I A 40 A S SE Rl BD 23\ ) FACSCali-
bur, W F CellQuest ¥4 (Becton Dickinson Immu-
no-cytometry Systems, San Jose, CA) #F 47 5L 5 %X
I8 1 4R RN 3 A o WO ODG IR 488 nm W FOL,
HIT 1] 7 B3R O'G (FSCO S e 240 i /N Ml 1] £ #8286
(SSC) J e 20 g WUkL &2 2% B . 5% — 28Ot il 1B
(FL1) £ Bt SYBR Greenl, MitoTracker Green., ¥
L TOE M ER . DCF . DAF-FM Pl K FDA %% ; 5
O iE (FL2) 3RH LysoTracker Red %56,

1.4 MZRRE 2% 5 %K% H A 6 E

141 fuogm s B % THC M4 5 B Y S2 56 7 1
PO 5E . B A0 B 200 pL, iIn ALY R 10X
1) SYBR Greenl(Sigma, £ 5 S9430) , % il ik O %
H 60 min, 2 200 H i B3 38 5 L AL, AR L
FE 1 min, AR 40 R 5E 1Y 52 B 0 i X820 A i R o2
20 1 B, RS A R 3 W, AR R AN A AR R
JERIA ST THC (Wi fid e %, 2015).,

1.4.2 20 fg 2% RCA R BB B RE IR L 200
7 D0 3ok 08 S L b LA I A Y A i AR
Hh 10 000 4>, LA FSC A A bR . SSC S AL BR A
I P AR Al AN [] 28 R A B 72 FSC A SSC iy 22
5t AE FSC-SSC B, P b 17150 23 45 A~ 40 i S0 7
3 M A S I 240 1L o Y LA

1.5 MMM RREE 5

1.5.1 % frfk4t & MM MitoTracker Green(Mo-
lecular Probes, Invitrogen, % 5 M7514) /F b 4 ki
TR RE S R DGR . I 20 LB 200 pl, A
50 nmol/L ¥ MitoTracker Green & J& # GG F
30 min, HI 200 F 0 00 it 85 B LRSI k4> i 14
A0 0 3 BB 10 000 4. 45 B DL MitoTracker

Green 7 ik (FL1) 2 8 A8 4, 20 Jf %5 58 o 90 Ak A
RSB H 5 B W, 40 i A9 MitoTracker Green
POt 5 BRI WLIE T

1.5.2 #®AE#%E N LysoTracker Red (Mo-
lecular Probes, Invitrogen, 555 L7528/ i ¥ fid {4
YRR S PE 2 PR AR . I 240 P B 200 pL, mA
50 nmol/L iy LysoTracker Red = & # ¢ 0 &
60 min, JH§ 200 H i P 385 EALA I, B4 G )
AR EUECN 10 000 4, Z55R LA LysoTracker Red
Pt (FL2) 1 A b 20 i 505 S A s 119 B 2
HE T EER. MM E LysoTracker Red % Y6 it 5
V4 Tl A AR LE

1.6 M4 SRZE S0

1.6.1 &% & A LLZE BBk (Fluorospheres®
carboxylate-modified microspheres, & 2k {4, 3% )%,
HE 1 pm, Molecular Probes, Invitrogen, %5
F8823) 1 Sy # A% Wik ) I 5 1l 41 M 1) A5 W 0% J1 . 40
S BB L 0 A T 400 L, A 10 pL ¥R K 1/10
AR TR ISR RV = iR BE DG F 1 b, T 200 H B 99 2o
13 S 7 M a1 I 3 el = T | Y VR O
10 000 4>, Z5R L FL1 90 it A b AL b 20 g B i
N GNAE R 1 B2 D T B D bR RO SE A W
BRI DI, AR 3 B DL B 28O Rk 1Y il 40 A
R Ay W BA P TR A R

1.6.2 EMHA(ROS) 4 E Ll DCFH-DA(Sigma,
BT D6883) M 4y Hof S 1 L AR A I 7 4 4R (Ree-
active oxygen species, ROS) & & Y484k, H I 41
B 200 pL A 10 pmol/L DCFH-DA ‘% {i it
JEHERE 30 min, £ 200 H i [ i u§ 5 L AL, A
AN B 0 4R BUECh 10 000 A4, 455 DL DCF %€
JeiE (FL1) B8 A8 B, 20 I 2503 S 9046 b 19 53 2 8
HERR, 40 M0 DCF 28t & 5 ROS & & Wl iE
I,

1.6.3 —H&MANO)EE LI DAF-FM DA(Sig-
ma. 535 D2321) 1 i 5 Pk DO R BRI NO &
AR, B A0 B 200 pL, A 10 pmol/L
) DAF-FM DA Z R #OUB & 60 min, 28 200 H i
RO/ = | R ol I S e = S (O D7 S @
10 000 4~. Z5H L DAF-FM %%t (FL1) Ay £ A
i 40 EC S AR AR Y B S R T 1 S L 0 Y
DAF-FM &t 5 NO S et .

1.6.4 d AR MEEES Ll FDA(Sigma, 525
F7378) N bric PREH A I A 4 S 1 155 Ml 05 0 1 A2 A
il 41 A B 200 pL A 5 pmol/L FDA = i ik
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FWFF 30 min, £8 200 H 6 P 38 J5 E LA I, A
ANEE S B 40 i SR B 10 000 A4S, 25 5L LI FDA 2%
JeiE (FLD) 18 A8 A, 40 B 2503y 9046 B 19 B 2400
HAE R A FDA 966 & 5 JF 45 5 F5 B 05
FIRIE L
1.7 Sitotr

ARG 45 N 15 B uF B 39 + b ok 22
(Mean &+ SD), Ji FH§ SPSS 18.0 % 52 1 ¥ 4fs 47 24
HZE T 2293 B 88 (One-way ANOVA) fil Tukey £
BRI, P<<0.05 M b= F MR E,

2 H#R

2.1 IMZRRE S, 5y KR AR LB

THC F {4 (8.434+0.87) X 10° 4~/mL, 4N
K1 BTz, AR 40 4 i R /N (FSCH Fil i kL &2 2% B2
(SSC) Y2253 - n] R 21 25 2 I L 40 i 73 o R1.R2 A
R34t 3 A~ 40 g S #F . 43 5 Sk i B 4 i Chyaline
cells, HC) . 2 Uk: 40 ifl (semigranular cells,SGC)

FIURL 28 B (granular cells, GC), 4% 25 1l 48 i 19
FSC il SSC 38 W5 1, SGC Il GC B#F KT HC
(P<20.05),GC By R & % FE 18 % K T SGC Hil HC
(P<C0.05), #5140 ity o5 than 3% 2 iR, HC,
SGC # GC i o439l (9.824+2.57) %, (61. 11 +
4.94) Y M(25.24 +4.48) ¥ . = JS Il 41 B8 = [8) 47 7F
22 R (P<<0.05)

R3

107 B

200 400 600 800 1000
FSC-H
R1: #EWIA0M: R2. BRI A0 ; R3. UKL 40
1 £ EE AR I 48 B FSC-SSC B = B
R1: hyaline cells; R2: semigranular cells; R3: granular cells

Fig.1 FSC-SSC plot for the three haemocyte

types of C. quadricarinatus

F1 AEENZ=ZXMAMPR/NFIFHERE

Tab.1 Size and granular complexity of the three haemocyte types of C. quadricarinatus

il it KN (FSC # ) /AU WUk 24 (SSC 38 %) /AU

B3] fe/ME ISP T E fe/ME IO ¥ {H
HC(RD 73.52 102.24 88.39+8.66° 148.84 216.76 178.42419.30¢
SGC(R2) 281.84 395.82 327.71433.09¢ 682.15 786.91 731.39+31.91"
GC(R3) 202.71 271.46 243.364-20.34" 2737.31 3264.48 2956.514152.73%

T RSB R AR AN [ /NG 52 B 3R 28 S ik 2% (P <C0.05) ,n =15,

Note: Different superscript lowercases in the same column indicate significant differences(P<20.05), n=15.

F2 ABER=RmErEALLH
Tab.2  Percentages of the three haemocyte types

of C. quadricarinatus

A fe/ME/ % BRME/ % FEE/ %

HC(R1) 6.61 14.31 9.8242.57¢
SGC(R2) 52.49 68.92 61.114.94¢
GC(R3) 17.46 31.58 25.2444.48"

1 RV EE E bR A B /NG 8 3R R 28 5 8% (P <<0.05),
n=15,
Note: Different superscript lowercases in the same column indi-

cate significant differences(P<C0.05), n=15.
22 mAMAMSEHE

1A% B HF = 2% I A0 M 1) A0 2 0 A R L %
3. SRR R B AR R A GC PR £, SGC
W2 HC fie /b = 25 00 20 M 1% S b 44 1 il 14 5 i
Y AR 25 5 (P <<0.05), GC By Lk ik
B SGC 1Y 1.46 £i5. 24 HC 19 3.03 £%; GC M ¥
il (A % B SGC 1Y 2.79 4% .o HC 14 11.86 15,

2.3 MEAMEREEN

2.3.1  BEETEJ LD ESECUE =2 O 20 ML A A T
TNk 4 frs . SGC B IR fg i, GC Iz, HC
IRl =25 40 i Z 181 ROS & & B ARAE7E I &
25¢ (P <<0.05) ., SGC WA Ny GC 1 2.07 A,
y HC 19 5.69 fif .

R3 AEBEEN=—XmMAMOKNEHENREELE

Tab.3 Mitochondria mass and lysosome number of the three

haemocyte types of C. quadricarinatus

24 g A A LR B/ AU AR RO /AU
HC(RD) 26.89+5.11¢ 28.81+4.13¢

SGC(R2) 55.75£5.90" 122.29£10.31"
GC(R3) 81.3747.96° 341.55+£20.31°

R VBB B AR A 6] /NS 7 B R OR 22 5 1 W3 (P <<0.05),
n=15,
Note: Different superscript lowercases in the same column indi-

cate significant differences(P<20.05), n=15.
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2.3.2 ROS & & ZIEEIF =ZKim4 M ROS &
w NO & MAEEE G Wk 5 fic., ROS & m7E
GC i 55, SGC K 2, HC f /b5 = 25 1L 40 g =2 [
1) ROS & & BARAATE & P 2 5 (P <<0.05), GC
f) ROS & H:4 SGC 1Y 2.93 5.y HC # 17.27 %,
R4 OBEER=LNAMNEEEA
Tab.4 Phagocytic activity of the three haemocyte

types of C. quadricarinatus

2 it 25 Y e/ME/ % KA/ % EH1E /%

HC(RD) 1.36 3.89 2.54+0.76¢
SGC(R2) 11.42 18.49 14.45+1.96°
GC(R3) 4.51 9.74 6.9841.55"
S af 41 i 19.5 31.51 23.96+3.89

T [ SVEUE R bR A B /NG S0 380K 25 5t % (P <<0.05),
n=15,
Note: Different superscript lowercases in the same column indi-
cate significant differences(P<20.05), n=15.
R5 OEEBEN=XMmAME ROS.NO §EMEEEF N
Tab.5 ROS production, NO production and esterase

activity in the three haemocyte types of C. quadricarinatus

A ROS&FHE/AU NO &#/AU  BEEEHS f1/AU
HC(R1D) 7.8041.77¢ 8.2041.51¢  86.59-+11.34¢
SGC(R2) 45.9544.94>  79.784:10.57" 121.844-15.15%
GC(R3) 134.69211.99" 344.31425.34* 236.914-35.18"

W 6] 5 BE A B AS 6] /NS 2 5 320K 25 S vk 3 (P <<0.05),
n=15,
Note: Different superscript lowercases in the same column indi-

cate significant differences(P<C0.05), n=15.

2.3.3 NO & & ZIBEIF =M NO & &
w5 roac. NO & &4 GC s, SGC Kz,
HC /b =2 40 2 8] 1 ROS F & B A A7 7E
FEME2E R (P<0.05), GC 1 NO & #H SGC
4.32 4% o0 HC Y 41.99 £%.

2.3.4 FHRUEEEE S LUEENF =250 401
(IR S PR IR TG Nk 5 Fion . EREETS S fE GC
Wi - SGC IR 2, HC e AR s — 25 1fiL 40 i 22 18] (1) ik
Fili 3G 1 HARAEAE B 3 M 22 % (P <<0.05), GC 1Y
fitg 36 710 SGC 4 1.94 £i5 .k HC 19 2.74 5.

3 itig

3.1 AEFEMMAMBENERIER

THC J2& 468 16 PP i bk e 9 1 2 A 285 1, J2 Ay 1k
HR 28 G IR 25 10 T AR bR L AR B 30 5O BR ST
THC fEAERI M TR B, DO Bos 18
RS T, 21 BB UF | T3 G R M (Procambarus
clarkii) (FRZFHESE, 2002) FIAS & P4 7R BREE AR (Asta-
cus leptodactylus) (Yildiz & Benli, 2004) A THC

3K 1,65 X 10° A4~/mL, 7.02 X 10° 4~/mL Al
(49.3341.81) X 10" 4~/mL; H A& IF (Macrobra-
chium nipponense) (EFEIT, 2008) M F [KiFHF (M.
rosenbergii) (Vg % %5, 2016) i THC 43 %l N
(1.13 £ 0.50) X 10° A/mL F1 (36.41 =+
3.48) X 10° 4~ /mL; H R ZEXFUF (Marsupenaeus ja-
ponicus) (Jiang et al, 2004) . JLZHVEXT #F (Litope-
naeus vannamei ) ( Tseng & Chen, 2004) F1 5 35 XF
HR P. monodon) (Xian et al, 2011) ) THC 435l K
(4.940.4) ~(5.5£0.6) X 10" 4~/mL, (196. 8 &
11.5) ~ (202.0£2.5) X 10° 4~/mL F1 (156.9 +
6.2) X10° 4~/mlL,

AR E s R (13.9341.43) g ML B H
WRE3 THC KSE A (8.4340.87) X 10° 4 /mL, 5
ZOHT B 5T A R B (PR A, 20025 B R,
2014), HCEAFPERZEE) THC 7] LI B, % 7K B
FITRER ) THC 5 % AE10° ~10° 4~ /mL; 1fif i /K
BR2EH THC it %o 107 A /mL, & TR KRR S,
BT E R BE R A 22 R A I R S AR 2R
THC 4, IR & o] Gt 25 mg THC M EZH £ 2
— AR A fr it — 2P ST
3.2 R0 40 BE A9 5 2K K 4H RK L 5

o7 S ol L5 1 i o AR A0 TR ) KN L A
R IE RV CRER e VU SN I N o3 (1 O s v
JHL 2 50RE 41 A C/IN 0K 200 i R0 550A 40 i (R 80k 20
) =2 (R4, 20025 BEAE, 2014), FCM X
20 M 2R A7 43 28 43 B A i B A R AR A 41 i K /N (FSC)
FUBURL & 2% B (SSCH 19 22 5. E AR5, i H
FCM A, 0] 4 21 %% % 0F i 40 160 385 Wb b X 532 = 4> 2K
B GC R, A Bk 2 HC &/, & A
(AR B3 70 5 10 SGC 1 KNI GC 23T, {H B0k
JE5 HC . WA FCM 43 15 5] 21 5% 5 0T 1fi 40
My HC. SGC f1 GC 1y e il 4 3 A 9. 82% .
61. 11% A1 25.24% . s SGC £ .58 T
60 % LA b1 HC &/, BRZE4ESE (2002) 143 HC,
SGC F1 GC (5 L FELL ##EUF (2 :101~121 mm;
F:81~100 mm) H1 43l Ry 13.72% . 68. 84 % FI
17. 54 %  5ASCHFGE 45 ezl R R4 iR SGC (5
W HC R4 18 . BR (201 ffF 58 @R , 21
FEBLUR I 40 M R, HCL SGC F1 GC 1915 Fe 23 51 K
20.1%0.37.9% F 42.0% . 5 AR L RAFAE — & 1
E5,

B 5% T IR A M, S [ 9 BF 5% B AE FE — A 1R 25
S PR A (2002) WA S GO0 T E500 A5 e [ R S IR
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(2 :60~82 mm; ¥ :77~89 mm) iy HC,SGC FiI
GC el 23 5 R 10.21% .74 41 % 1 15.48 % ; fili &1
B 5E (2009) BF 58 M A% A 8.3 ~ 12.0 em/28. 1 ~
48.5 gy 3a [G Jst 2 0F, W 2 be 1 43 i D 19. 9% .
46. 1% H1 34.1% ; Ding % (2012) W58 45 1 W, 78
G AR (42.54+3.7) mm/20 g B HC,SGC #l GC
(9 A9 43 31K 16.3% .55. 8 % Fl 27. 9 % 5 BE {4 45
(2012) i, FH FCM 43 Brf & 8 ~ 10 em 9 5 [C 51 2
R A5 20 R L 4 B SR 26,2500, 51,440 Al
11.20% . HH T AS TR 2280 i, 40 A 2 BE AR ) L HC 20 A
Lo ) 1) 22 55 0T B 55 R 28 AL R R AR K I Bk TR
) Ay 26 B A e RS A G BE YT N IR £ il 2
S HC /9 il 56 LTS T B, SGC Fil GC 1Y L
55 F B 5 W (Xian et al, 2017), % [RIHIF& 1
FAK G 5, SGC B e ] 8 3 £ 5 (Du et al,
2012) ., FERRALY I E/ERTS , H AR BEXT IR B HC %%
HZE W T B, SGC Il GC B % 4 W & 25 1k
(Cheng et al, 2007), iXSEHfF 5T 45 5 R B, 0 B ok
IRBE R 2R X RE 51 e AR 2 1t 40 i 20 B L 451 0 B AR
3.3 WMEARFXRBMMAMMEREIAEENS

20 PN T AN A 1 22 /0 5 T BE A DDA G .
FEATI 5T L R AR S 8 S G R BT X = 2l 40 i
1) 2R AN I R B i TS R B R . GC &
W MLRR, SGC IR Z , HC /b, £ W GC &=
J5 i 40 H R 1 A R 0 B AN R S R, Ol A
A I HE A RE R 0 RIURE L AR D B
ROS A1 NO B i g i %5 5 SGC 11 e b 7 85 i 4%
% ,GC J& SGC 1 1.46 i, iX L 25 L 5 G195 U fig
TR EE AT . GC Al SGC Y BE At 1 %5 5 L Fz e
HOAB I ERIm 4n f2 A, rT R S S S5 20
G P8 I 17 3 R K

A6 F FE TF (1995) BF 58 SR, v B 6 IF B
SGC & & LR, R 1] fig 5 Hox 2 ¥ UK 5 &
A M VR AT OG5 H B R 45 R R, 2 R X IR 1Y
SGC 1 i Jot b & A7 K kA4, i HC Al GC 19
LR R D (R4, 1998 ) 5 47 B 58 WA N o 1R Ji
EUF HC &A KEMZRR, SGC & A /b i 1 4ok
TR (BEBIEE 2, 2009) 5 3% BEAFF 55 5 ACHF 55 o 20 B 5
TR EE R —E 2 R TR 5 ARRY A X,
VS T VA 7 5% fore L PR 1 s 0 R o AR 1) 3ot R v R 4
FHEAE . 52RO B A L, U AR B b 7
GC Wi £ , HC T/ iR GC il SGC 2 2 ) i
DA A AR FH A =5 8 1f 4 g S A

3.4 URFEFREIZKE M4 AR R R % ThBE

A WA P 2 i 4 i 3 1o s T A 1 = B R Ty g
Z— o AH H R 2 T WP 2 1 40 i AR PH 32 ) A AR
X — [] AT A7 A6 4+, Smith & Séderhall (1983)
WFFEIN R, 76 W 52 sh i il 4 i b, HC i 32 28 1) 7 I
YER . SGC WY Wi 1% 1 A B . 1 GC A H 4 77 1 1)
AE 5 {H — 2022 F A A ST 25 R AR B, I SGC #il GC
SEELNE BR A A WIS . 0 HC B9 I A R
(Hose et al,1990; Liang et al, 2011), ZARWFFR 4R
55 # — 80, SGC Ml GC #Y 7% W76 1 f ik, Hovp
SGC & F % 1 57 & W ) BE 1Y I 46 ff 25 7Y 5 Bt R
(201D WEFE A IA Jy L ZE B IR 1) GC & — S v g 4
Ji . ¥ X B 2 5 T BB SR 45 WF 9 T gk A Bl A
WYy R T A SR 25 T B DI A A A A R
SRS IR P BB T SGC R GC #EAT I A5
W7o DT 8 BT I 200 f 2K AR ) R A

fE R EEMEA ALY ROS W O, (H, O, %, 7R K
o S AR 1) 3k R v R 4 ELAE L TRD R A R i B 32
MM LA B REEN . NOWAEMY
ROS 7E T, X9 Jit 26 ) 338 47 40 A6 A% K (Raman
et al, 2008), —=ZRIM4HMIAY ML ROS il NO & &
PIfEe 3 22 5, ROS Ml NO &8 ¥ % GC i
B AE HC R /b, 2B GC #il SGC &7 4= ROS Hi
NO K 3BT K A B0 D) fg i = 2l 40 M S A, L
BB AF 9T © A& 30 B8 1 35 IO ZE UF (A stacus astacus)
1) GC Fl SGC 174 240 I 75 1% M, Be i B i L 3h )
%) iR 4 e 0 Al i R34 BV A% (Soderhall et al,
1985), B, &5 &AM 45 K #: D GC F1 SGC £
TEA0 ML G P AT RE R i T T 77 4 K ROS
M NO Hfig
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Classification, Structure and Immunological Characterization of Haemocytes

in Red Claw Crayfish, Cherax quadricarinatus

XIAN Jian-an', ZHANG Xiu-xia', PAN Xun-bin*, LU Yao-peng®, LI Jun-tao',
DUAN Rui-jun', ZHENG Pei-hua*, WANG Dong-mei’

(1.Hainan Provincial Key Laboratory for Functional Components Research and Utilization of
Marine Bio-resources, Institute of Tropical Bioscience and Biotechnology, Chinese
Academy of Tropical Agricultural Sciences, Haikou 571101,P.R.China;
2.Guangdong Provincial Key Laboratory for Healthy and Safe Aquaculture, College of Life
Science, South China Normal University, Guangzhou 510631,P.R.China)

Abstract;: Haemocytes play vital role in the immunological response of crustaceans and our study of the
structure and immune characteristics of haemocytes in red claw crayfish (Cherax quadricarinatus) sup-
ports disease control. In this study, we classified haemocytes by flow cytometry (FCM) based on differ-
ence in the intensity of forward scattered light (FSC) and side scattered light (SSC). Total haemocyte
count (THC), mitochondria number, lysosome number, phagocytosis, production of reactive oxygen spe-
cies (ROS) and NO, and non-specific esterase activity of haemocytes were determined using specific fluo-
rescent dyes for labeling. The study provides basic data for immunology and disease control in red claw
crayfish. Three types of haemocytes were identified by FCM: hyaline cells (HC, 9.82%), semigranular
cells (SGC, 61.11%) and granular cells (GC, 25.24%). The mean THC was (8.430.87) X 10° cells/mL
in C. quadricarinatus. The masses of mitochondria and lysosomes were highest in GC and lowest in HC.
Phagocytic rates of HC, SGC and GC were, respectively, 2.54%, 14.45% and 6.98%. ROS production,
NO production and non-specific esterase activity of HC, SGC and GC were, respectively: 7.80, 45.95 and
134.69 AU; 8.20, 79.78 and 344.31AU; 86.59, 121.84 and 236.91AU. In summary, the three haemocyte
types of C. quadricarinatus displayed variation in morphologic structure, amount and immunological char-
acteristics. The number and phagocytic activity of SGC were highest, while GC contained the most organ-
elles in relation to energy supply and immune response, and has the highest oxidative and esterase activi-
ties. These findings indicate that GC and SGC are the primary haemocyte types involved in the immunolog-
ical response of C. quadricarinatus.

Key words: Cherax quadricarinatus; flow cytometry; haemocyte; immunity



