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(SR BEIR 0 =G PR FE T, [ R UGV o g A A VRV B S %, AR JETT 361005)
WE: 7 A FAPercollF £ FEREB A BABE LT BT A 7k, HFar
FABRRANEABUBRSBRANEEZARIET Tt ERET, H20%. 65%F0
100% 4 Percoll 4 f, #2082 0 B AR =t o 72 3% 3% 4 1 810 r/minth & 1 T & 020 minz.
B, TRaE AT EII AR S ASGCEGC2NMNEME. 2R AN AMMARTN, KA4HMK

BAE A% L, @R T LEMRTL5%, T H T /E4mai

B A . BT

PR, ABSBIRETHREG AN RREG BT LT E5.
KU L BB, MAM R, TELTEAHEES; REGH

hEDHES:S945.6

21T EE AN (Cherax quadricarinatus)JR s
THKANE, HFREINRKIEER, FIETH s
I"J(Crustacea). %X H! 49(Malacostraca), + & H
(Decapoda) . fUFEHFFL (Parastacidae) . ¥ # U )&
(Cherax), E. M4, AP, @EMNE®R. YUK
T AR . R TTAN, PRIEEESE . PR
o, Je HErH A L3 s 5 iIRoK &3 iR Ah 2z
—, BATZ 3R R,

AR SR, Bl A R AT 50 2 B ) o BE AL AR
PN K, PR . 4 A AR AR R
AR B R K, AAME SR E R T B K
B ZE BB AT 0 i A i 2 AR Y 2 A % A
M, TEPRIP1E 20 ARy #R rh i T
WEMMAAA, s TR RG-S 0 R 0 HgR
FE TP RS K B, % i 28 i T fg
A ST SE TR AT B T OGRS s 1 & AR AL, F
TR FE XT3 3 1 BT IR 1k o

Jo 5 ME Bl W) Bk = AR A5 52 9% (acquired or ad-
aptive immunity) 245, ANBEZ AR FHESUA, E
B R SR B % (innate immunity) 28 4¢3k Bl AH 5
B A5 PO TR, e AR U R A0 MY G 2 AR
GugE® s b i AR R R A, AL
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RERARERD: A

S5 TR WEAER . Al . 45 R I AR R S
M SR R FRE T HLRR A ORURE T £ e i
7, AR S e S B ORR T e A 3l
Py 1t 240 i 1) 0 SEBIE 5 B T 201 22 60~704F 4K, {H
2 AT LA M S5 b UL/ B i A TG . R/ B
J3E R 240 B P % B LE A IR 25 o B U Sy o e bR
3 E ST B W 0 1 44 A AT 53 Sk UK 48 Afd (granular
cells, GC), -4UkL il (semigranular cells, SGC)
F13% B 40 ifd (hyaline cells, HC)!"", £187E#
SRR IR ML P HCE A D, GCHSGCRHL T2
I A0 MR RECY . EET, AT A [R] ifn 40 SR
TE G 5 SO T 8 43 TR BN RGE HEBCA BR .
AWFFERW, GCI2 M A 1b Bl 28 58 10 32 24 A7 20
ffl, SGCEEZY T AR R BERSE T 72,
BT X 32 1l 200 i %) S 0 i) A W AE T, AN Tl F 5
SrBARIE A, A [ 2 2K A A A B g
Hh 3 A A (A N T AE

A [+ i 20 2 Y 0 B 2l Ak = F 5T A ) 2K
HEA0 M RE A Ll o AT AE R, ST A i X
20 MGy e A . BB B BT AR S 8 G 3K 5 (immuno-
magnetic bead method, IMB)%5 J7 &, SZEL T 1fL40
LSRR 4 g0 RN, 3 2807 1 5 A I 4
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TR ACAS B A B SEm AR, AR B, R,
25 B 20 B 2R B 00 B O s —— R RS R RO
3R HA B i s I . S AE 19834F, Soderhill
SEUSTE YR Percol 3% 21 %% FE A B B 0 VL AT T
HJ& (Carcinus maenas). & ¥ (Cancer pa-
gurus) . W EEE (Macropipus depurator) 125 &
1 (Eupagurus bernhardus) I - AN [7] 28 1f 40 A
P53 88 o 7 BT T A B R RO R
¥R (Pacifastacus leniusculus). 3 K JEEEF (Proc-
ambarus clarkii) . LY UEXT R (Litopenaeus van-
namei)Fl H A3 Xt HF (Marsupenaeus japonicus) Ifil
S R AR S 2 (H b 3 8 R R B 1 I A A R
SE2%, HAETXHT BT M A o B I 5/

BT, P3R5 A 218 ' 58 B R BT 9 I
B AREK D IR EEIE N PR R, 2 AR
7)) 20 M DI RE Y R AR . ARBF S S T
I 16T B 1) AN 1 5 78 T B B0 O B AL O ok
SR I A0 MR T, RS A M Al R A, A
WGBS, AT TR SEmuts, hit— Lot
SEA 6] 1L 40 i SR A AE S 8 vh I T RE B E 1 ALl

1 MRS IE

1.1 SRR

ZHS ST HE AR W T U M T YR AR A AR B B
ARRAT, WKJE TR 28 cCR FR2d, F
KB A B IR K i I MR . Percollld T GE
NHEl . Z RPN F Sigma Aldrich/A &), Leibov-
itz's L-158% 7% 34 F Gibco/A A] o Propidium Iodide
(PO g TA TAY TR ARA T . Pkt
771%%(140 mmol/L NaCl, 100 mmol/L#5%54#, 30 mmol/
LAFHERR, 26 mmol/LAF RN, 10 mmol/L EDTA ,
pH 5.8). BT I 0 E =4 pir e, W A B 2548
A A BR Al dE ) 54 TAEY TR (1)
et A B2 .

1.2 XLWHE

FEGFEEMHE S HlPercoll 9 mL,
AT mL 1.5 mol/LI A FRER K, BLHI K 100%
Percoll, Pl J5 FHH F% 52 i K 100% Percol I 8 A
20%~65%Z [A] YA [F] MR B o 7E 25048 43 il
A3EAEHe E B Percol Il /E A i £ 2% FE A i »
% FJZ100% Percoll, H[H]JZ ke B 7E 50%~65%
Z [a] B Percoll, % I JZ M20% Percoll, % J&# &
HlFESE 5] B4 °CPR A7 h,
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AR s KBS B iTEaR 4
FERIF 12, H70%C Bk R . Ht124~5 mL
TS, 4r 9T mL 4 cCHUA IHiEER, T
BN UEET , A RO mLf ke, I
BRI E SRS . IR A I IUE T 15 mL
B, HUT75 WL I 4 A 18 FH Scepter™ Han-
dheld Automated Cell Counter (MILLOPORE)# 47
2N 8 s G L s DT 0111 = i A
HWHE T15 mLE.LE T, 7E4°C, 1710 r/minE]
3 min (HAYL, L420, #0242 H13.7 cm), 7
= B, KA EE T2 mLbtEER b e
6 BE AR ZR /N0 A 0.5 miLIfiL 20 i S5 % (400 4k
WAN1.0x101Y), HAKFPEEF, fE4°C, 18101/
minB5.0>20 min (R, L420, B5.02E42413.7 cm)
DL B AR I 20 B 2 EC BO 2SS, /b
B2, I E E B LE T B
BRIMAMEERTHREZ MW, 7E4°C, 21271/
min#j.(>7 min (Eppendorf, 5430R, B.LFEN
8.9 cm) L) £ B Percoll™, 15 21| 1% ifi 41 i T € H iE
S BUEE R R R AN B A A 1
200 uL, JMASEIRFIR%Z B BT, = iR [
S 10 min/& #E47 3 A0 MAL A3 #T 5 1450 L, H
PUEERIMRE 1065 )5, HEAT 40 M BOF 5 alifk
3% 1200 pL, FEATEACKEFR; 143200 pL,
PEATFET I 40 M YL 5

AR 2 A HUAE 5t [ 2 S5 A I 2
M B, 4°C, 2005 r/min >3 min (Eppendorf,
5430R, BE.OER N8I em), FE FWERIEELR
F400 pL PBSZZ thiE Wi, FHFLAE M40 pmifi [
1%, JEW TBD FACS Caliburii = 40 14X I 37
75807 o Ui ¥4 H CELLQUESTPROKX {443 #7

Ao fmfalE BE ISR LA K4 T4eC,
2 005 r/minf >3 min (Eppendorf, 5430R, &[>
HAEHN8Y em), FF LIEWE, I AHHHL-1585 5%
SN B BL200 pLif 40 B, R 4841
Merfr, #E 1S minfG, $F A SR 2T E N
B L-15KE 35 38 1l 40 i A % IR 9 B 45 min
Ja, PR T 4% 2 5 W SV V1T 52 10 min, 2 2
[ 7 W, FHPBSZE M W VE I3 UK, 41K 10 min,
B J5 A 200 pL PBSZZ vhif il , & T oL o il
g .

Tt SCHAH s ) A3 R Ak Y
I 240 Y BV TP A AR BE 20 pg/mLIPL, =il
PEE 15 mino FHPEXT BELH - 444 1l 40 i 0 i 4
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5RO B B R 00 T VR R A e, B £
Jif B (FE DL BEF HH)400 ul, 4°C, 2005 r/minf
>3 min (Eppendorf, 5430R, &5.02f:45°48.9 cm),
BRI R B, S S PBSSE vl MR A I
YA, LR BET0%I) TV Tk £, F-20 °C
[ 52 ho #1589 L 40 ML T4 °C, 2 242 r/min#
.£>20 min (Eppendorf, 5430R, &5.0>2£4548.9 cm),
BL A2 BB, FH400 pL PBSZE iz ik 4%
I 20 M o e i 20 if R B A 3 PBSZE MUA
TN F20 pg/mLIJPT, EIEMFH 15 min,
BFV P X BECZH - 4 AN 3 282 %8 8 60 B2 I T 5 i O vk
WSO I AT, B 4T Ak A (e 2 7R H)400 uL,
T LA E F20 pg/mLIF PIE IR 5% & 15 min,

2 4

2.1 HEARIEE

DA X8 FY 52 30 0y 1 240 Y 6% %85 5 0 188 03 B
% Z{# FIKPBS(Kuruma shrimp PBS) . A= # £ 7K 5§
B A% 7 ke e ) 8 B TS 0 TN R, AE
AT 5T o e B A FHL- 1515 3= 24 R B B 2% b
W, F100% Percoll#i B 520% . 60%. 100%,
PRI B, e B KB/ INGIUT in A5 mL
s, WEANES R ERE, MU s #
R EEAR A A . A B IR R B L ZE TR R
0.5 mLIf 240 f B ¥k (FEHLHEER ). 1 mL 20%
Percoll. 2 mL 60% Percoll, DA% 0.2 mL 100%
Percoll, BRFHH3.7 mL, ¥ LRk R AEKE5%
T4 °C, 1810 r/min%.0>20 min (H{L, L420,
BB 13.7 em),

B JE, MR DL s 2 i Z, =
MR TN I . A0 JE P4 B 4N i 5
b, I HAEEAS R R BE (B4 o Ak, A4
2 B R BN TE B0 RE DO RN, 7RIS SR
YEHAR G 9538

TR S 5 ek R B B AR R 92 v T i Percoll
WM, FUUEN S EERARH EE TR N
0.5 mL I 40 il B (FE B &ER ). 1 mL 20%
Percoll. 2 mL 60% Percoll. 0.2 mL 100% Percoll,
SARR3.7 mL, EiRikREKFH 54 oC,
1 810 r/min#.(>20 min (M1, L420, B5.0F42H
13.7 cm),

FRM AR B O, MRk 53 S 20 W) G i) 4
M)z, H—2(L)2), 7F20% Percoll560%

Percollfy #t1fi |5 585 —J2(F)2), 17T 60% Percoll
55100% Percoll iy I [ (K1), 202 ol
Pl L, HIEARRA kK AEBE RN

E1 FNESPercollZEHE S LMW DT A
2R R
i kath /R SGCANML)Z , i Sk bif 7R GCAN ML=
Fig. 1 Discontinuous Percoll density gradient
centrifugation separated the hemocytes into
two distinct cell layers

Arrow a indicates SGC layer, arrow b indicates GC layer

22 HEAEHEEAMEEATR

R T AR 2 0 2 B AR AR 43
W22 AN, VR B 4% 1) 22 58 PP I 3 A 1 2
10 minf& , ) FH 9 = 40 M 4S04 T 20 Jf 28 20 23 B>
FH I 58 Ji ) 4 10 40 B (5] 2-2) L K 24 400 j )2 6 4
M1 1RA B (E2-b)E AR, 250 BoR,
12 A AE i X EOS B R A 5 SGCE &
(El2-c, #ra); 28220940 7e i =Na0s B
B 5 GCHA (K2-d, Zf); 2440l )2 40 i
1 VRA W B A w2 B B BT 2840
Mo, HAE A5l —8. ki, e
F1ZMMASGC, F2Z 41 AGC(E 1), 1Eif
FCEOS A L, R 28 20 M BT A 1 X% AR, AR
RO, GCHTTE X B HR2(2%0); SGCHTTE
KB ARIH (0); RIZ AN A 40 ORE A (B D),
FIHH It X 40 LAY ) 43 B #44F CELLQUESTPRO,
¥ B bR 0 M Bk LB A i, TR AR
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E2 FTRHEMARAHSESAEENRERA
PR I P R A bR A BT R 5 5 (FSC), OB A DI A IR /S, AR S I 1 £ 5 5 (SSC), S T A T 40 i PO SR BE < 181 v (a)~(d) 0 90 3B
7<BD FACS Caliburifi s0 40 A% 2> Hr & M4 . 7355 IGCESGC 1 : IR E . HEEHGC, ARG IHSGC, (¢). (D7 53w 4tk

HIGC. SGCTEN ¥ BB F A

Fig.2 Flow cytometry and microscopy analysis of different hemocytes

The X-axis in the scatter plots is forward scatter signal intensity (represents the size of cells) and Y-axis side scatter (represents the granularity of cells);
(a)-(d) indicate FSC/SSC scatter plot of total hemocytes, the 1 . 1 mixture of purified GC and SGC, purified GC, and purified SGC, (e) and (f) are the

images of purified GC and SGC

R N 11 A T <l = o 7 2 0 = MO 1 11
T GCLH I }23.7%, SGCLLH NT76.3%; Zifkz
Ja, B1UZGCHMIN5.8%, SGCHHIN94.2%,
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22 GCLL ] H94.7%, SGCHAG] H}5.3%, i —
A s AR R RE R 4538 . DR L i i
SAE AT RS R B A S LA, TR S22
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434 AR, . Percol LN IEZE % BE MR I B 001k 20 Y L1 B e O a2 A 845

M., H A7 T20% Percoll 5 60% Percol AL I
(4 L SGC, T T 60% Percoll 5 100% Percoll
S b4 GC.
23 TRIZEEHENTBERR

B B0 43 B AR AT 1 SGCZ I il il rh
BRIRAE —GC, ZIRRE2), H Al A 5
B S A] LLFE A (R] 2 Percol IR ¥ BE Xt 4l 1k i
FPEEER, Wb, SCgit—2 00 T H i
JZ Percol L) e J3 4T 28 i 43 S BUR I 52 . 28R T
50%. 55%. 60%. 65%, 4FhHkFE MY PercollifEFT
SCG(EI3), A B 7 Ik ) AN 7 Sk 2 R B R 1Y
o Ar I A AR E Y A0 Mk o B AR AT I 2 gl
MEASC A B, 38 i b A B8 AN M ) 4l B A A A
A ) % T A A o

7] )2 Percol i B R 50% B, R & X%
GCHAr B U 3 22, GCAIML)Z h 2242 SGC L
BIIRE] T 15.1%. Bl#E T2 Percol ik S =5, GC
B SGCIEWE > o 7 Hh 1] )2 Percol i & Ky
65%I, GChZZSGC LI T 4.2%, KT T
I GCAT B R . MIXTI &, B B 4 B A ol

A% SGCIHY 43 BRI FE AN K, 43 B )5 I SGC
B I GCH B 7E 3.8%~4.5% 8 e 5, YA it
5%(K13) (AN ELL S BB R E 2 TR R
20% Percoll, 65% Percoll. 100% Percoll ) %% J& £
FE A3 A A R (1.04£0.1)x 10714 4 If 41 it ,
Ay B S B GC AR H (4.6£0.1)x 10> ML 40 L, SGC
B A (2.3£0.5)x 10°4 L0 A . B L 20 B AS R A
26.0%+2.1%.

24 SERMMBEAEEN TR

R TSy B AR AR S R R, B
AT B Y 2P i 20 M 43 B AD TG SRR R, SR
1 hJ 274 I 20 BeL 35 U e (El 4-a, b)), FFAdH T
B, B W SR RDE sk A A B AR T L R 4
JHLBR i S 2T A 20 R o kI B 43 5 0 A4 I 40 AR
SRAFIG o LAh, AL /BT GO B kL 1 30 (%2 1),
KM AEMAMMEEEM WG, 5 68.7%+2.7%HGC
KAET WAL (E 4-c), M2tk iGCH L 19.5%+
6.0% 14 1L 210 it 2 A Rt k7 (1 4-d), 3 15 BA A Jokz
SN AT RE A F AN [ 2K A 14 0 200 I 52 AP

T W25 UE B 4y B 20 P A T A O

B B E2
density 2

density 1

Bz
density 4

B3
density 3

20% Percoll 1 mL

50% Percoll 2 mL

—

C

20% Percoll 1 mL

55% Percoll 2 mL

M2 ER 0.5 mL M40 0.5 mL IM4EEK 0.5 mL IMZHHE7K 0.5 mL

20% Percoll 1 mL  20% Percoll 1 mL

60% Percoll 2mL  65% Percoll 2 mL

100% Percoll 0.2 mL 100% Percoll 0.2 mL 100% Percoll 0.2 mL  100% Percoll 0.2 mL

100 |
90 +
80
70 -
60
50
40
30 +
20
10

B RBEAAT & LLB1/%
subpopulation of cell band

GCZ SGCJZ GCE

SGC/Z=

SGCJZ
GC band SGCband GCband SGCband GCband SGCband GC band SGC band

GCZ SGCE GCE

El 3 4F &S PercollZ E 5 B HVER R H 5 BEHRATEE

Fig.3 Composition of discontinuous Percoll density gradients and corresponding purification results
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(b)

(©

(d)

Bl 4 AS[E140 A0 B T BE K2 Bt KL 15 50
(@) (D) BITHIGC, 45 BEJ5 HISGCHYMEBERTIL s (o) ()FE7% K 4 B 10 LItk EL AN . 5 85 U 1 GC it 3t JBURL 5

Fig. 4 Adhesion and degranulation of hemocytes

(a), (b) indicate adhesion of purified GC and SGC; (c), (d) indicate the degranulation of adherent total hemocytes cell and purified GC

x1 MAESSWEHIGCH FALLL 5t E

Tab.1  Degranulation of total hemocytes and isolated GC %
B g1 L2 L3 Bs2) FHE iz
samples test 1 test 2 test 3 test 4 mean SD
/B EMIGC  isolated GC 14.29 21.05 28.57 13.95 19.47 597
4140/ total hemocytes 69.23 70.00 64.29 71.43 68.74 2.69

FHLHE 20 ng/mLEY PIN 43 5 J5 45 21 (1) 250 41 it
HEATY A, SET- A S e L e gt
EAMOAgE g WP R (& 5), difk)s
Y SGC 5 BF 1= %o B Iff 200 e 1% 58 T 48 B L 451 245 /N F
1.5%, ZiAL GCHIZE T 4 ML L 1) 4.91%, il BH
Xof FEBET 40 0 L 1 4 99.04% . FHZE 6 B e i 8%
A R FESS e (K 6). LA &5 SRUil], 2ty
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41 %4, % Percol i 52 %5 B B B9 0075 43 B 418 e 56 B 0 i 41 847
200 200
160 160 |
L, 120 L, 120 +
% g il
=g = 3
80 80
40 40
0 0 = 2
10° 10! 10 10° 104 10° 10! 10 103 104
FL2-H FL2-H
(a) (b)
200 200
160 | 160 |-
L 120 L, 120 +
B E = B
ES= ES=
e = §
80 | 80
40 40 +
() [ s e 0 i ey e
10° 10! 10 103 10 10° 10! 102 10 104
FL2-H FL2-H
© (d)

&5

ﬁ-ﬁﬂ:%"ﬁ)‘c;ﬁr
48 JE IGC (BET- 41 i LE 51 9 4.9%) PIH
@m*l_lm B 37 i 1 A 4 i (B T 40 B 4515 99.0%)

TR ISR
AL AR AT L a0 i B, BARZE N SE T4l it 5
e 8,43 B 5 I SGC (BT 41 Hd LE 451 9 1.2%)

S 1 (a)~(d)%) B % 7 BD FACS Caliburifi 20 4H i 4X 23 #7
5 A 4 20 B (BE T 40 M EE B M 1.4%) . PTH:

Fig. 5 The flow cytometry results of death cell staining
The X-axis represent fluorescence intensity and Y-axis cell counts, the shaded parts represent range of calculation about death cells; (a)-(d) indicate the
flow cytometry images of GC isolated from primary hemocytes dyed with PI (dead cells ratio is 4.9%), SGC isolated from primary hemocytes dyed with
PI (dead cells ratio is 1.2%), normal primary hemocytes dyed with PI (dead cells ratio is 1.4%), primary hemocytes fixed with 70% ethanol then dyed

with PI (dead cells ratio is 99.0%), respectively

Percoll i B 22 v R FEAT /0 B IS, A0 MLA7 e BE AR 30
R, Noai, i %3534{[55, I HfIR A A 2%,
DRI, #F 000 200 A o5 4R R 5 1% 0 B0 5 0 440 e i) o5
RN A K, W TL-1555FRH AR ﬂﬂﬁﬂQEH@E@§%
RN, B0 TR — ELE AR SN B i

%%%ﬁﬁ%%,%ﬁ%@.oﬁﬁﬂﬁum
] 56 U i 240 P PR A S T, PRt SO R
VE R 2% v IR TE B Percol % A B, 1X A R Hb s /D
T AN AE S B AR P A B L MG REAE AL,
WS R AR B TSR SR SE g SRk . I, AE

Xof IfiL 200 1L 55 S5 A R SO FY) 4 e 0 A A B
I, AT HRH L A BT B 700 A A 9 e s e T A VA
fdE 240 AL 3 PR S, DT R AR 45 B 5 1 T Y
KB

FOW, ASBIE ST R 3 B2 B BE Y 2H AT T A
b, B[] J2 Percoll ) ¥ B T 43 5 114 2 S ke )
JOEMEVE T o I R0 5 SR ALY 43 B K 3 20%
Percoll (1 mL), 65% Percoll (2 mL), 100% Percoll
(0.2 mL). I Hsf 2k 1 27 20 i rh 48 e ) A S T
20 M LA, DA R T 40 B L R AN T 5%, Gk
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(@ (b)
< ~ >
;\\ 7 \\ & )y —
o2 TN N
- R )
i Yejom ¥ ) 9 G - il
~ =t ‘, ’;‘Q.‘: W= | ;"
. - > SN EZ e o
A OV § - Vo
< -."I 3 ;’4 II r \ a \ >
My I’}( g “\\:.? :.__I = f —
20 pm A _‘ <
© (d)

(e ®
A
o,
t :\ 'dl
=8 A
e [y
20 pm N S
(8 (h)

E6 RABMEBENERTHEEE
(@) O)FRTEFIGCHIETMMP LR, (o). (DFFDEIEHISGCHIFE T A G 4 A, (o). (D7 ¥ 4 i 20 L (9 4 567 B
PET AR AR, (g) ()7 FE T2 4 AL 200 i (BH 12 %o HEE ) P 2 v 4 i 2 € 25 R
Fig. 6 The fluorescence micrograph of death cell staining

(a) and (b) indicate the death cell staining results of isolated GC, (c) and (d) indicate the death cell staining results of isolated SGC, (e) and (f) indicate the
death cell staining results of living primary hemocytes (negative control), (g) and (h) indicate the death cell staining results of death primary hemocytes

(positive control)
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44 R, .

Percoll AN 7 25 % B 456 1 850 15 73 8 21 O 52 B 0 1l 40 g 849

B T A 4 AR T B ASOR .

EA S W, B ARG, IR
M A 1 40 P RE 2 O 3 A SERE . HC, SGCAI
GC'"™, (HFEA S H P LA T SGCH GC 2264
Mo X R AR ST r 4 ) 21 B S e B
WRAE FR M HCEL 2 4 AP, B R 1 2 i il
BEWLEE, W LLKR B D A AT S HCHYRRE, {5
S T RAR, W A REE B M HC
R . PRI, A RE AR R O A R BLHC
i )Z . BbAh, EEIFRIHCHIA N & —2E & 2L
) A L P L 200 L, 7 R A 2% T B 4 i R ik
FER R DM, Wi, HCH & & RES M E
EEURAAPZE . AR BRI S e R AT H B 25

WAL, RBE B EIER, GCRY MR
RS, BEWR., AR, MR %
WY | 7 7 (haemocyte lysate supernatant, HLS)H]
i ik PKCA #1755 20 M 0k, DT 3 350 41k
i J5L 2 4t (proPO system) g ah™, [RILHEMN] , 2854
I3 BRSNS [R SEHE 00 40 M bk o3 9T, GCRY i it
LN TG IR SGC™ A i HE e ) o Je 2y, {8 i3t ot
AP R R ES

i ik, AR T —Fh A N AL
PR B B0 T, BB A B AR Al B v T Af
LT AR E P SGC S GC, A B A5 S i 41 Al T
T 158 AS [7) B 40 6 200 e s 44 0 e 928 h D e o

SE M

[1] e, VB E, e, &5 Z0BBIF 2200 FH ok
HERE[I]. K= R, 2009, 28(8): 485-488.

Pan X Y, Shen J Y, Cao Z, et al. Advances in disease
research in prawn Cherax quadricarinatus[J]. Fisheries
Science, 2009, 28(8): 485-488(in Chinese).

[2] Tropea C, Piazza Y, Greco L S L. Effect of long-term
exposure to high temperature on survival, growth and
reproductive parameters of the “redclaw” crayfish Cher-
ax quadricarinatus[J]. Aquaculture, 2010, 302(1-2): 49-
56.

[31 ¥R, IO, WA, &5 ANFDE R BT 208 20T
I A A AL ], KD, 2012, 42(5): 89-91.
Jiang Q C, Zhang WY, Tan H'Y, et al. A study on the
feeding rhythm of juvenile Australia red claw crayfish
(Cherax quadricarinatus) under different photoperiods[J].
Freshwater Fisheries, 2012, 42(5): 89-91(in Chinese).

[4] Bachére E. Shrimp immunity and disease control[J].

[10]

(11]

[12]

[13]

[14]

[15]

Aquaculture, 2000, 191(1-3): 3-11.

Lightner D V, Poulos B T, Tang-Nelson K F, et al.
Application of molecular diagnostic methods to penaeid
shrimp diseases: advances of the past 10 years for cont-
rol of viral diseases in farmed shrimp[J]. Developments
in Biologicals, 2006, 126: 117-22; discussion 325-6.
Lightner D V, Redman R M. Opportunities for training
in shrimp diseases[J]. Developments in Biologicals,
2007, 129: 137-146.

Kurtz J, Franz K. Evidence for memory in invertebrate
immunity[J]. Nature, 2003, 425(6953): 37-38.

ThIEBE, TREAE, 58I, W s Y s R GRS
EIERRI]. LR EFE, 2011, 39(1): 291-294.

Ma Z P, Zhang F S, Tong J K. Overview and graph
theory of the immune system of Crustacean[J]. Journal
of Anhui Agricultural Sciences, 2011, 39(1): 291-294(in
Chinese).

PR, EEH, AP, P 5Esh Wi an e L AE ek
B4 R BRI ZHRE[D). Bh2ERIF T, 2006, 27(5): 549-557.
Yao C L, Wang Z Y, Xiang J H. Crustacean haemocytes
and their function in immune responses[J]. Zoological
Research, 2006, 27(5): 549-557(in Chinese).

Thornqvist P O, Johansson M W, Soderhéll K. Opsonic
activity of cell adhesion proteins and B-1, 3-glucan
binding proteins from two crustaceans[J]. Development-
al & Comparative Immunology, 1994, 18(1): 3-12.
Hoffmann J A, Kafatos F C, Janeway Jr C A, et al.
Phylogenetic perspectives in innate immunity[J]. Scien-
ce, 1999, 284(5418): 1313-1318.

Torres M A, Dangl J L. Functions of the respiratory
burst oxidase in biotic interactions, abiotic stress and
development[J]. Current Opinion in Plant Biology, 2005,
8(4): 397-403.

Johansson M W, Keyser P, Sritunyalucksana K, et al.
Crustacean haemocytes and haematopoiesis[J]. Aquacul-
ture, 2000, 191(1-3): 45-52.

AR AR, FAFELL AR R SR B S 2 T St SR S
SR £ RS, 2009, 7(6): 17-21.

Zou G Z, Sun H S. Research advances and prospect in
aquatic crustaceans immunology[J]. Life Science Instrum-
ents, 2009, 7(6): 17-21(in Chinese).

Séderhill K, Smith V J. Separation of the haemocyte
populations of Carcinus maenas and other marine de-

capods, and prophenoloxidase distribution[J]. Developm-

http://www.scxuebao.cn


http://dx.doi.org/10.3969/j.issn.1003-1111.2009.08.016
http://dx.doi.org/10.3969/j.issn.1003-1111.2009.08.016
http://dx.doi.org/10.3969/j.issn.1003-1111.2009.08.016
http://dx.doi.org/10.1016/j.aquaculture.2010.01.027
http://dx.doi.org/10.3969/j.issn.1000-6907.2012.05.019
http://dx.doi.org/10.3969/j.issn.1000-6907.2012.05.019
http://dx.doi.org/10.1016/S0044-8486(00)00413-0
http://dx.doi.org/10.1038/425037a
http://dx.doi.org/10.3969/j.issn.0517-6611.2011.01.117
http://dx.doi.org/10.3969/j.issn.0517-6611.2011.01.117
http://dx.doi.org/10.3969/j.issn.0517-6611.2011.01.117
http://dx.doi.org/10.3321/j.issn:0254-5853.2006.05.014
http://dx.doi.org/10.3321/j.issn:0254-5853.2006.05.014
http://dx.doi.org/10.3321/j.issn:0254-5853.2006.05.014
http://dx.doi.org/10.1126/science.284.5418.1313
http://dx.doi.org/10.1126/science.284.5418.1313
http://dx.doi.org/10.1126/science.284.5418.1313
http://dx.doi.org/10.1016/j.pbi.2005.05.014
http://dx.doi.org/10.1016/S0044-8486(00)00418-X
http://dx.doi.org/10.1016/S0044-8486(00)00418-X
http://dx.doi.org/10.1016/S0044-8486(00)00418-X
http://dx.doi.org/10.3969/j.issn.1671-7929.2009.06.004
http://dx.doi.org/10.3969/j.issn.1671-7929.2009.06.004
http://dx.doi.org/10.3969/j.issn.1671-7929.2009.06.004
http://dx.doi.org/10.3969/j.issn.1671-7929.2009.06.004
http://dx.doi.org/10.3969/j.issn.1003-1111.2009.08.016
http://dx.doi.org/10.3969/j.issn.1003-1111.2009.08.016
http://dx.doi.org/10.3969/j.issn.1003-1111.2009.08.016
http://dx.doi.org/10.1016/j.aquaculture.2010.01.027
http://dx.doi.org/10.3969/j.issn.1000-6907.2012.05.019
http://dx.doi.org/10.3969/j.issn.1000-6907.2012.05.019
http://dx.doi.org/10.1016/S0044-8486(00)00413-0
http://dx.doi.org/10.1038/425037a
http://dx.doi.org/10.3969/j.issn.0517-6611.2011.01.117
http://dx.doi.org/10.3969/j.issn.0517-6611.2011.01.117
http://dx.doi.org/10.3969/j.issn.0517-6611.2011.01.117
http://dx.doi.org/10.3321/j.issn:0254-5853.2006.05.014
http://dx.doi.org/10.3321/j.issn:0254-5853.2006.05.014
http://dx.doi.org/10.3321/j.issn:0254-5853.2006.05.014
http://dx.doi.org/10.1126/science.284.5418.1313
http://dx.doi.org/10.1126/science.284.5418.1313
http://dx.doi.org/10.1126/science.284.5418.1313
http://dx.doi.org/10.1016/j.pbi.2005.05.014
http://dx.doi.org/10.1016/S0044-8486(00)00418-X
http://dx.doi.org/10.1016/S0044-8486(00)00418-X
http://dx.doi.org/10.1016/S0044-8486(00)00418-X
http://dx.doi.org/10.3969/j.issn.1671-7929.2009.06.004
http://dx.doi.org/10.3969/j.issn.1671-7929.2009.06.004
http://dx.doi.org/10.3969/j.issn.1671-7929.2009.06.004
http://dx.doi.org/10.3969/j.issn.1671-7929.2009.06.004
http://dx.doi.org/10.3969/j.issn.1003-1111.2009.08.016
http://dx.doi.org/10.3969/j.issn.1003-1111.2009.08.016
http://dx.doi.org/10.3969/j.issn.1003-1111.2009.08.016
http://dx.doi.org/10.1016/j.aquaculture.2010.01.027
http://dx.doi.org/10.3969/j.issn.1000-6907.2012.05.019
http://dx.doi.org/10.3969/j.issn.1000-6907.2012.05.019
http://dx.doi.org/10.1016/S0044-8486(00)00413-0
http://dx.doi.org/10.1038/425037a
http://dx.doi.org/10.3969/j.issn.0517-6611.2011.01.117
http://dx.doi.org/10.3969/j.issn.0517-6611.2011.01.117
http://dx.doi.org/10.3969/j.issn.0517-6611.2011.01.117
http://dx.doi.org/10.3321/j.issn:0254-5853.2006.05.014
http://dx.doi.org/10.3321/j.issn:0254-5853.2006.05.014
http://dx.doi.org/10.3321/j.issn:0254-5853.2006.05.014
http://dx.doi.org/10.1126/science.284.5418.1313
http://dx.doi.org/10.1126/science.284.5418.1313
http://dx.doi.org/10.1126/science.284.5418.1313
http://dx.doi.org/10.1016/j.pbi.2005.05.014
http://dx.doi.org/10.1016/S0044-8486(00)00418-X
http://dx.doi.org/10.1016/S0044-8486(00)00418-X
http://dx.doi.org/10.1016/S0044-8486(00)00418-X
http://dx.doi.org/10.3969/j.issn.1671-7929.2009.06.004
http://dx.doi.org/10.3969/j.issn.1671-7929.2009.06.004
http://dx.doi.org/10.3969/j.issn.1671-7929.2009.06.004
http://dx.doi.org/10.3969/j.issn.1671-7929.2009.06.004
http://dx.doi.org/10.3969/j.issn.1003-1111.2009.08.016
http://dx.doi.org/10.3969/j.issn.1003-1111.2009.08.016
http://dx.doi.org/10.3969/j.issn.1003-1111.2009.08.016
http://dx.doi.org/10.1016/j.aquaculture.2010.01.027
http://dx.doi.org/10.3969/j.issn.1000-6907.2012.05.019
http://dx.doi.org/10.3969/j.issn.1000-6907.2012.05.019
http://dx.doi.org/10.1016/S0044-8486(00)00413-0
http://dx.doi.org/10.1038/425037a
http://dx.doi.org/10.3969/j.issn.0517-6611.2011.01.117
http://dx.doi.org/10.3969/j.issn.0517-6611.2011.01.117
http://dx.doi.org/10.3969/j.issn.0517-6611.2011.01.117
http://dx.doi.org/10.3321/j.issn:0254-5853.2006.05.014
http://dx.doi.org/10.3321/j.issn:0254-5853.2006.05.014
http://dx.doi.org/10.3321/j.issn:0254-5853.2006.05.014
http://dx.doi.org/10.1126/science.284.5418.1313
http://dx.doi.org/10.1126/science.284.5418.1313
http://dx.doi.org/10.1126/science.284.5418.1313
http://dx.doi.org/10.1016/j.pbi.2005.05.014
http://dx.doi.org/10.1016/S0044-8486(00)00418-X
http://dx.doi.org/10.1016/S0044-8486(00)00418-X
http://dx.doi.org/10.1016/S0044-8486(00)00418-X
http://dx.doi.org/10.3969/j.issn.1671-7929.2009.06.004
http://dx.doi.org/10.3969/j.issn.1671-7929.2009.06.004
http://dx.doi.org/10.3969/j.issn.1671-7929.2009.06.004
http://dx.doi.org/10.3969/j.issn.1671-7929.2009.06.004
http://www.scxuebao.cn

850 VL 8
ental & Comparative Immunology, 1983, 7(2): 229-239. melanogaster[J]. Annual Review of Immunology, 2007,

[16] Van De Braak C B T, Botterblom M H A, Liu W, et al. 25: 697-743.

The role of the haematopoietic tissue in haemocyte [28]  Cerenius L, Lee B L, Soderhill K. The proPO-system:
production and maturation in the black tiger shrimp (Pena- pros and cons for its role in invertebrate immunity[J].
eus monodon)[J]. Fish & Shellfish Immunology, 2002, Trends in Immunology, 2008, 29(6): 263-271.

12(3): 253-272. [29] Zhu L, Chang Y H, Xing J, et al. Comparative proteomic

[17]  LiC W, Shields J D. Primary culture of hemocytes from analysis between two haemocyte subpopulations in
the Caribbean spiny lobster, Panulirus argus, and their shrimp Fenneropenaeus chinensis[J]. Fish & Shellfish
susceptibility to Panulirus argus Virus 1 (PaV1)[J]. Immunology, 2017, 72: 325-333.

Journal of Invertebrate Pathology, 2007, 94(1): 48-55. [30] Zhou Y L, GuW B, Tu D D, et al. Hemocytes of the

[18] Van De Braak C B T, Faber R, Boon J H. Cellular and . .

mud crab Scylla paramamosain: cytometric, morpholog-
humoral characteristics of Penaeus monodon (Fabricius, . .. . ..
ical characterization and involvement in immune respo-
1798) h 1 h[J]. C tive H tol
) haemolymph[1]. Comparative Haematology nses[J]. Fish Shellfish Immunology, 2018, 72: 459-469.
International, 1996, 6(4): 194-203. . . .
[31] Johansson M W, Séderhill K. Exocytosis of the prophe-
[19]  Vargas-Albores F, Gollas-Galvan T, Hernandez-Lopez J. . o .
noloxidase activating system from crayfish haemocy-
Functional characterization of Farfantepenaeus californi- ) .
tes[J]. Journal of Comparative Physiology B, 1985,
ensis, Litopenaeus vannamei and L. stylirostris haemocy-
156(2): 175-181.
te separated using density gradient centrifugation[J].
[32] Koiwai K, Alenton R R R, Shiomi R, et al. Two
Aquaculture Research, 2005, 36(4): 352-360.
. . hemocyte sub-populations of kuruma shrimp Marsup-
[20] LiF, Chang X F, Xu L M, et al. Different roles of
. . . enaeus japonicus[J]. Molecular Immunology, 2017, 85:
crayfish hemocytes in the uptake of foreign particles[J].
1-8.
Fish & Shellfish Immunology, 2018, 77: 112-119.

[21] Ratcliffe N A, Rowley A F, Fitzgerald S W, et al [33] Liu CH, Cheng W, Chen J C. The peroxinectin of white
Invertebrate immunity: basic concepts and recent advan- shrimp Litopenaeus vannamet is synthesised in the semi-
ces[J]. International Review of Cytology, 1985, 97 183- granular and granular cells, and its transcription is up-
350 regulated with Vibrio alginolyticus infection[J]. Fish &

[22] Johansson M W, Séderhill K. The prophenoloxidase Shellfish Immunology, 2005, 18(5): 431-444.
activating system and associated proteins in invertebra- (34]  Veldz, LR, W A MR AE SE IR B A il
tes[M]//Rinkevich B, Miiller W E G. Invertebrate LIRS WL G e e S B R ]. ek
Immunology. Berlin, Heidelberg: Springer, 1996, 15: 46. ik, 2012, 42(1): 9-14.

[23]  Soderhill K, Cerenius L. Role of the prophenoloxidase- Xian J A, Wang A L, Miao Y T. Application of flow
activating system in invertebrate immunity[J]. Current cytometry in studies of classification, viability and
Opinion in Immunology, 1998, 10(1): 23-28. immune parameters of Procambarus clarkii Haemocyt-

[24] Galko M J, Krasnow M A. Cellular and genetic analysis es[J]. Freshwater Fisheries, 2012, 42(1): 9-14(in
of wound healing in Drosophila larvae[J]. PLoS Biology, Chinese).

2004, 2(8): E239. [35] Smith V J, S6derhédll K. A comparison of phenoloxidase

[25]  Christensen B M, Li J Y, Chen C C, et al. Melanization activity in the blood of marine invertebrates[J]. Developm-
immune responses in mosquito vectors[J]. Trends in Par- ental & Comparative Immunology, 1991, 15(4): 251-
asitology, 2005, 21(4): 192-199. 261.

[26]  Jiravanichpaisal P, Lee B L, Soderhill K. Cell-mediated [36] Johansson M W, Sdderhill K. Separation of crustac-
immunity in arthropods: hematopoiesis, coagulation, ean blood cells by continuous density gradient centrif-
melanization and opsonization[J]. Immunobiology, 2006, ugation[M]//Stolen J S, Fletcher T C, Smith S A, et al.
211(4): 213-236. Techniques in Fish Immunology: Fish Immunology

[27]  Lemaitre B, Hoffmann J. The host defense of Drosophila Technical Communication 4. New Jersey: SOS Publicat-

http://www.scxuebao.cn


http://dx.doi.org/10.1016/j.jip.2006.08.011
http://dx.doi.org/10.1007/BF00378110
http://dx.doi.org/10.1007/BF00378110
http://dx.doi.org/10.1111/are.2005.36.issue-4
http://dx.doi.org/10.1016/S0074-7696(08)62351-7
http://dx.doi.org/10.1016/S0952-7915(98)80026-5
http://dx.doi.org/10.1016/S0952-7915(98)80026-5
http://dx.doi.org/10.1371/journal.pbio.0020239
http://dx.doi.org/10.1016/j.pt.2005.02.007
http://dx.doi.org/10.1016/j.pt.2005.02.007
http://dx.doi.org/10.1016/j.pt.2005.02.007
http://dx.doi.org/10.1016/j.imbio.2005.10.015
http://dx.doi.org/10.1146/annurev.immunol.25.022106.141615
http://dx.doi.org/10.1016/j.it.2008.02.009
http://dx.doi.org/10.1016/j.fsi.2017.10.055
http://dx.doi.org/10.1007/BF00695771
http://dx.doi.org/10.1016/j.molimm.2017.01.024
http://dx.doi.org/10.3969/j.issn.1000-6907.2012.01.002
http://dx.doi.org/10.3969/j.issn.1000-6907.2012.01.002
http://dx.doi.org/10.3969/j.issn.1000-6907.2012.01.002
http://dx.doi.org/10.1016/j.jip.2006.08.011
http://dx.doi.org/10.1007/BF00378110
http://dx.doi.org/10.1007/BF00378110
http://dx.doi.org/10.1111/are.2005.36.issue-4
http://dx.doi.org/10.1016/S0074-7696(08)62351-7
http://dx.doi.org/10.1016/S0952-7915(98)80026-5
http://dx.doi.org/10.1016/S0952-7915(98)80026-5
http://dx.doi.org/10.1371/journal.pbio.0020239
http://dx.doi.org/10.1016/j.pt.2005.02.007
http://dx.doi.org/10.1016/j.pt.2005.02.007
http://dx.doi.org/10.1016/j.pt.2005.02.007
http://dx.doi.org/10.1016/j.imbio.2005.10.015
http://dx.doi.org/10.1146/annurev.immunol.25.022106.141615
http://dx.doi.org/10.1016/j.it.2008.02.009
http://dx.doi.org/10.1016/j.fsi.2017.10.055
http://dx.doi.org/10.1007/BF00695771
http://dx.doi.org/10.1016/j.molimm.2017.01.024
http://dx.doi.org/10.3969/j.issn.1000-6907.2012.01.002
http://dx.doi.org/10.3969/j.issn.1000-6907.2012.01.002
http://dx.doi.org/10.3969/j.issn.1000-6907.2012.01.002
http://dx.doi.org/10.1016/j.jip.2006.08.011
http://dx.doi.org/10.1007/BF00378110
http://dx.doi.org/10.1007/BF00378110
http://dx.doi.org/10.1111/are.2005.36.issue-4
http://dx.doi.org/10.1016/S0074-7696(08)62351-7
http://dx.doi.org/10.1016/S0952-7915(98)80026-5
http://dx.doi.org/10.1016/S0952-7915(98)80026-5
http://dx.doi.org/10.1371/journal.pbio.0020239
http://dx.doi.org/10.1016/j.pt.2005.02.007
http://dx.doi.org/10.1016/j.pt.2005.02.007
http://dx.doi.org/10.1016/j.pt.2005.02.007
http://dx.doi.org/10.1016/j.imbio.2005.10.015
http://dx.doi.org/10.1146/annurev.immunol.25.022106.141615
http://dx.doi.org/10.1016/j.it.2008.02.009
http://dx.doi.org/10.1016/j.fsi.2017.10.055
http://dx.doi.org/10.1007/BF00695771
http://dx.doi.org/10.1016/j.molimm.2017.01.024
http://dx.doi.org/10.3969/j.issn.1000-6907.2012.01.002
http://dx.doi.org/10.3969/j.issn.1000-6907.2012.01.002
http://dx.doi.org/10.3969/j.issn.1000-6907.2012.01.002
http://dx.doi.org/10.1016/j.jip.2006.08.011
http://dx.doi.org/10.1007/BF00378110
http://dx.doi.org/10.1007/BF00378110
http://dx.doi.org/10.1111/are.2005.36.issue-4
http://dx.doi.org/10.1016/S0074-7696(08)62351-7
http://dx.doi.org/10.1016/S0952-7915(98)80026-5
http://dx.doi.org/10.1016/S0952-7915(98)80026-5
http://dx.doi.org/10.1371/journal.pbio.0020239
http://dx.doi.org/10.1016/j.pt.2005.02.007
http://dx.doi.org/10.1016/j.pt.2005.02.007
http://dx.doi.org/10.1016/j.pt.2005.02.007
http://dx.doi.org/10.1016/j.imbio.2005.10.015
http://dx.doi.org/10.1146/annurev.immunol.25.022106.141615
http://dx.doi.org/10.1016/j.it.2008.02.009
http://dx.doi.org/10.1016/j.fsi.2017.10.055
http://dx.doi.org/10.1007/BF00695771
http://dx.doi.org/10.1016/j.molimm.2017.01.024
http://dx.doi.org/10.3969/j.issn.1000-6907.2012.01.002
http://dx.doi.org/10.3969/j.issn.1000-6907.2012.01.002
http://dx.doi.org/10.3969/j.issn.1000-6907.2012.01.002
http://www.scxuebao.cn

4 14 TR, 45 . PercollAN 2 %5 B0 B .00 13 23 8 21 B Ol 2 B 0 1l 40 g 851
ions, 1995: 141-145. 356-357: 371-380.

[37] Mangkalanan S, Sanguanrat P, Utairangsri T, ef al. [39] Durliat M, Vranckx R. Action of various anticoagulants
Characterization of the circulating hemocytes in mud on hemolymphs of lobsters and spiny lobsters[J]. The
crab (Scylla olivacea) revealed phenoloxidase activity[J]. Biological Bulletin, 1981, 160(1): 55-68.
Developmental & Comparative Immunology, 2014, [40]  Soderhdll I. Crustacean hematopoiesis[J]. Developmen-
44(1): 116-123. tal & Comparative Immunology, 2016, 58: 129-141.

[38] Ding ZF,Dul,OulT, et al. Classification of circula- [41] Jiravanichpaisal P, Sricharoen S, Séderhéll I, et al.

ting hemocytes from the red swamp crayfish Procamb-
arus clarkii and their susceptibility to the novel pathogen

Spiroplasma eriocheiris in vitro[J]. Aquaculture, 2012,

White spot syndrome virus (WSSV) interaction with
crayfish haemocytes[J]. Fish Shellfish Immunology,
2006, 20(5): 718-727.

Separation of hemocytes of Cherax quadricarinatus by Percoll discontinuous
density gradient centrifugation

FU Rongrong ,

LI Fang °,

YANG Feng

(Key Laboratory of Marine Genetic Biogenetic Resources, Third Institute of Oceanography,

Ministry of Natural Resources, Xiamen

361005, China)

Abstract: we developed a method to separate the GC and SGC of Cherax quadricarinatus by using discontinuous

Percoll density gradient centrifugation. The dilution buffer and the combination of density gradient were

optimized. We found that the density gradient should be diluted in anti-clotting buffer to prevent hemocytes

aggregation, and the discontinuous Percoll density gradient that consisted of 20%, 65% and 100% of Percoll

provided the best result compared with others. After centrifugation at 1 810 r/min for 20 min, the hemocytes were

separated into two layers, corresponding to SGC and GC, respectively. Flow cytometry analysis showed that the

purities of both fractions were >95% and the cell mortalities were <1.5%. The isolated cells were in good status

and could be readily used for further analysis. This simple and effective method will facilitate the study on the

function of different hemocytes and thus provide information for disease control.

Key words: Cherax quadricarinatus; subpopulation of hemocytes; discontinuous density gradient centrifugation;

immune defence
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