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SEVRE A A T A TR () B ARAF; IR
JF ekl DID W [ S (B S5 A IRA A,
ARy 1] 7= o AT 2l 2 o
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o g fRAE e & TG ROK 4R BCR I
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i AR AR R T BT Y TN 22 vl
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B PR 20 T Y PBS 28 vh i (SR AL 4M 137 mmol/L
LA 2.6 mmol/L. Bifg — =40 1.5 mmol/L.
fR & 4 8 mmol/L, pH=7.4), +&Ifil 40 HEAE &
I ERE T SRR 6. 12, 24, 36, 48,
60 F1 72 h 45 2H Bt B I A AR A, R4 T S Ao
FERR M i, I 43 B DR G XoF 1 240 A Fr 5l

2 4R

21 EHREFRNE MM KR
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RURURL , AR 3 PR AL AR R 30 A KU 240 Y
RTINS AR . rPBURLAR I P [ A EL AT 1A
PR A BB 0RL, ITOE RN IR TR, @
AR TR AR s, BB B 5 W 3 PR GO T
AT BRIB A, LR/ INA Ay iR S AR i A R 2R
BURLEY 2/3 (IR Besh, i TRURCHEERY , %2640
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i B A% 38 AN RE SE R s o 5 T 2 A i A i
JRAUREL R/ N R ST B RFIEAR LG, /INFORE 20 i P9
TOURE U 2AT e ELAN S S L, BIPAEURE R /N AN
—, HRESEHY AT HLRCR, T BRSO A 2
20 B R R UL TCORE A M AR R AL B L
RA, MU HILFA & A W a] B ok., 5
SR 37 WL 3] — LB A0 i P AT ] LD A DU [T
45k, (HEEA BAT T 2 B I RE 25

5 0 HONEEARTR A A A i R
0 ) IS 5 EE AN TR AR S S8, IR X SRR Y
ZE 5 R o MO ZERE , DR HCHC B e ) J2 451 4 i
Hh I A UKL A 14 1 52 20 8 B2 AL A2 20 A D7 TG
SVARZESE o 1 SR A MR R I BT R ] SR AR
4 ANZERE, FUEM. R1ZEREE TOORORANAE,
FORE s A T O R, R P Bk = 2 24 1

DID Merge

5 pm 15

EliR  FLAESTET MR AT B VR 573 (1 000%)
RICHRANNG: R2ANSORANIL: R3.AERAN: RAKBURIAIME: BF.WI5@3 F{%: DAPL DAPI kLl F{%: DID. DID Jekhiiti

1%; Merge & EE, T

Plate Classicfication of L. vannamei hemocytes by micro-observation (1 000%)

R1. non-granular hemocyte; R2. small-granular hemocyte; R3. intermediate-granular hemocyte; R4. large-granular hemocyte; BF. image from bright

field channel; DAPI. image from DAPI channel; DID. image from DID channel; Merge. merged image, the same below
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Fig. 1 Classification of L. vannamei hemocyte by imaging flow cytometry

SSC. Image from side scatter channel of imaging flow cytometer
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3 ik

I 240 ok K By 4 B, R RSB
AT T T A e R 5 O A e, O —
77 T3 T 38 5 5 B 1) ML L P g3 4% Aol G 5 A
WIS J o5 PR 55 103 A% R 5 s W B R A
PE W AR PRI TR A St BT I 200 Y ) SIS AR A AL
PRI IR AR S e rp e AL 45, A7 B T4

https://www.china-fishery.cn


https://www.china-fishery.cn

1098 KoM 46
x1 BEMMBMIARE S ESERMER
Tab.1 Different methods and results of hemocyte classification of crustacean
AR 2t i 1 L 510/ %
- AN HTTR proportion of different hemocyte types Sk
. . N N N N Il \
species classd;llca(.itlon JE G4 SN o SR 2 it R 4 i references
methods non-granular small-granular intermediate-granular large-granular
hemocyte hemocyte hemocyte hemocyte
PO & 26.30+2.60 49.31+4.17 12.42+1.66 [11]
Penaeus
merguiensis
JLYEERTIF bliawill= 28.69+2.79 45.70+4.55 10.15£1.20
Litopenaeus
vannamei
PEFTR AR bWl 27.21£2.67 48.75+3.92 10.59+1.28
Penaeus
monodon
BET 0 TS 473 13.1 39.6 [12]
Penaeus
monodon
r [ B i TR 25.32 61.79 12.89 [13]
Fenneropenaeu
s chinensis
ERNGE RS 0.6~2.7 79.2~84.4 14.8~20.1 [14]
Penaeus
Jjaponicus
IIPAIDSEN SATOIES 12.14.3 78.6+6.8 9.3+4.6 [15]
Penaeus
coliforniensis
gk a g BIMALLE 21.11£1.61 33.54+0.98 15.31£2.01 30.05+1.11 [16]
Eriocheir
sinensis
EVAGER S B EE 18.70+3.92 76.03+3.34 5.27+0.42 [17]
Seylla
paramamosain
e SR AR b= el 26.25+5.29 51.44+7.02 11.20£1.82 [18-19]
Procambarus
clarkii
VSR SrATOIES 17.05+1.35 55.09+1.79 27.861.75
Macrobrachiu . .
m rosenbergii T 13.76£1.73 58.54+1.93 23.68+2.17
ARG BRI TR 18.31+4.12 38.21+10.73 20.10+7.78 23.37+3.24 [20]
Eriocheir
sinensis ezl 54.33+3.38 27.63+2.10 5.43+0.35 12.51+3.38
JLEHIERT IR RS 69.88+4.71 9.04+5.06 11.13+7.02 9.96+1.31
Litopenaeus o
vannamei i & 74.88+3.97 20.75+4.07 2.94+0.72 1.25+0.58

ARG T i T 7e sh 445 S G s A i 1Y) D RE L B
M RGBT o

RO . H A —Fh A o 2 BN
Jrik, il AR A B (X L I 4 i 2 T Y 22
SA oy, Bz 5 AE R, R 30
PEESE , 4 OGS S A I 0 AR TR 20D =26 (3R 1),
T A 22 S SR S, U A e = 0K 19 40
(9 7 Fe 7 T, ARG R T X URE 4 14 A
KRNI HERGHE R B IR ME , A A58 M TR ot ekl 1
SRS BRI BRSSP kL
M 2SS . S5 5 F al BRI 45
WFETE A AR T R 22 57, al DA LA T3 %ot A i
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Fig. 2 Size distribution of 4 hemocyte populations from L. vannamei
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Fig. 3 Hemocytes concentration of L. vannamei
infected by V. parahaemolyticus

Different small letters above the columns indicate significant difference

between each groups (P < 0.05), C. control, the same below
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Fig. 4 Hemocytes concentration of L. vannamei
infected by WSSV
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Yifitd, Jacobsen ZE AR ¥ (Tachypleus tridentatus)
AR, b S R R A0 62 97%.
van de Braak 551 3 j2f BE LT Y4 €4, 22 5344 3875 XA i
SR 5P S —Jrm, WRIWEARRIAE
B S A ARG, MR 25 2R 4R M 1Y) 315 (dif-
ferential haemocyte counts, DHC) WL {7 7E 25 75273
W T = 58— 0AniE, WFFEE XA [ 4A il 20 i
AV, R [R5 3 X [ — 4 Al 4
2 2SR ) 35 AT e A AE 25 R Y

i TOUREE LAIE 25 22 R AR 1) 57 [R) O IX 4 4 i 2
AU PR, i 2 LB 4 L R R4
SR FEVRG %85 04 300 55 4SBT 248 e g B RRAE 1 S 50 A 7
e 8 £ A3 AT AT DASRAS AR X O 45 R o i A e
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5o XA b R O ES F g I A AR, T
ToRURL A 7 L TR I, AR H Al A R A A
A e W TR S N [ I = w4 TN
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A A 52 B0 bk E b DX At 2~3 bl 4
ARk, — Sl A A M e T A B,
RFARE Sl B IS T, T EE T A,
BEIRE T MR Y 785 nm EOGES A BTN ] U S
B, T TIERE RS, AT LURH 2 R AE X A A
BT I 0o SRR AR i 785 nm AP
JHL A 4 TS A 6 W S N 1) R R R SRR 1Y 22 5
TS B A BR A v AR SRR R 1t 40 Y TR B R
ANERE, RS HE— 2R S 2R B Iy X
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Imaging flow cytometry measurement and pathogens infection analysis of
Litopenaeus vannamei hemocytes

LIRong', REN Xingchao', ZHANG Ning', WANG Yuan', LIU Yichen ',
ZHANG Yichen ", GENG Xuyun?  SUN Jinsheng "

(1. Tianjin Key Laboratory of Animal and Plant Resistance, College of Life Science,
Tianjin Normal University, Tianjin 300387, China;
2. Tianjin Fisheries Research Institute, Tianjin 300221, China)

Abstract: Blood cells play an important role in animal immune system. Accurate classification and functional ana-
lysis will facilitate the understanding of immune response mechanism. In this research, hemocyte populations from
Litopenaeus vannamei of 17-23 g in weight were identified through micro-observation and flow cytometry, which
referred to distinguishable intracellular partical structures and measurable side scattering characteristics of cells
separately. Further analyses of verifying the response hemocyte groups and their quantitative changes in early
stage of bacteria or virus infection were also carried out. Four hemocyte populations of non-granular, small-granu-
lar, intermediate-granular and large-granular hemocyte could be identified by micro-observation and flow cyto-
metry, accounting for (69.88%+4.71%)/(74.88%+3.97%), (9.04%+5.06%)/(20.75%+4.07%), (11.13%+7.02%)/
(2.94%+0.72%) and (9.96%=+1.31%)/(1.25%=0.58%) of the total hemocytes respectively. In both methods, non-
granular hemocyte accounted for about 70%, but proportions of other 3 granular hemocytes were different depend-
ing on the method. Lipophilic tracer DID staining showed intracellular granules were covered by lipid membrane.
Size similarity of granules in both intermediate-granular hemocyte and large-granular hemocyte inferred an endo-
genous mechanism, supporting granules were derived from golgi apparatus. The size distribution range of large-
granule hemocytes was narrower and their cytoplasm was full of granules, indicating they might be at a mature
stage. Further results from low intensity challenging of bacterial or virus pathogens showed that in the early time
of Vibrio parahaemolyticus or WSSV infection, total cell counting reflected a similar trend of “down and up”;
non-granular and small-granular hemocytes, the two major phagocytic populations, were main response
groups. The low point of cell counting in V. parahaemolyticus infection experiment was observed at 24 h; but for
WSSV infection, low counting period was between 36 and 48 h, which should be related to the longer time
required by virus for entering cell and replicating. These support that a large number of hemocyte could be lost in a
short period of time after infection. On the other hand, full of granules and showing little count fluctuation after
infection, both intermediate-granular hemocyte and large-granular hemocyte might participate in immune defense
through secreting bioactive molecular other than phagocytosis. Above results indicated that hemocytes popula-
tions from different crustacean species can be distinguished with similar quantitative criteria and they respond to
pathogen invasion in different ways after infection.
Key words: Litopenaeus vannamei; hemocyte; imaging flow cytometry; Vibrio parahaemolyticus; WSSV infection
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