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Advancements in the study of the classification and immune
function of shrimp hemocytes

Qi Chen, and Cuijie Kang
School of Life Sciences, Shandong University, Qingdao 266237, Shandong, China

Abstract: Hemocytes play an important role in the immune defense system of animals, especially for invertebrates that have
no adaptive immune system. In those animals, hemocytes not only participate in the cellular immunity including phagocytosis,
encapsulation, and nodules formation, but also the humoral immunity via storage and release of immune factors. Identification
of the components of hemocytes is the basis for understanding the immune mechanism and the function of hemocytes. Despite
various researches have been done on distinguishing the composition and function of shrimp hemocytes, no standard is used
uniformly until now. So, we analyze and summarize the results on shrimp hemocytes research and offer a three subgroups
category in this review. We also introduce the morphological characters and immune function of three subgroups in detail. We
hope this work will be beneficial for understanding the function and molecular mechanism of hemocytes in invertebrate,
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bringing ideas for new separation technology development.

Keywords:

TR RE LK AELTTHE Y, ez
PAFERIE RS, F LMW R RGP
wilstMt sk, TR E RN, JRE RIS
YRR 7 B . BT R F Y45
EPTAPEIG I IR, WX KRB - AR R
Wi, PRI ST K A2 TR FE s W i S e LA, 4t s
ABWPURRES], BOREZ B AT EMR, R
) 56 R B 8 3k A 5 440 e B 8 RN ARV B 2 o A
Mt AR WEE R . SRR . 45 A,
B WA I REA% W BRI I 5 11 25995 S 4 KT
ZA AL FAER, T8 st 2 5 45 11 0 s
AL o PRI P BRI 2 v 2 D S IR - 2 ) 2=
TnRFEVER, XS5y G 45 B S fL il 3R G0 AR
Oy, BHEZR . Pkl

(0 o e R L N NE S R T i 2
HIfA e, RN et BRI T, L RE B AR
IR Z Mo TR 7, 0 IR S e A o S aith
A, AR ER AR E D 2, PR T
Z2 PR S  40 M G A S Sh R . A4
i B MOWELE, BEXTIF Penaeus chinensis Ifil 21 i 43
N3 K, FEMIRE T & ARIB AR HOE%D
FIF B H AR X 4 Floxd R 0% i 40 A 247 7 8 ik
25K WO BT 52 3 FLEAT T REAYIX 45 Sung 4500
45 T BET AR Penaeus monodon A ] il 2 fits
VA A R PR, R BT X R A i 4 i A — 2P
ST 6 FhRIEIIHBE R AN R s Bzt
WU % BE G R B0, R4S T ZLES B AR Cherax
quadricarinatus 3 FiA[E A M2 il ; Dantas-Lima
VR TSE VW  BE  BE B00K K 28 I XA
Penaeus vannamei ILZfffE453 AL Subl % Sub5 #t
5 ANAE; Koiwai 451 FH IR 22 ARG A1
BT, MR L EE4E K (Lycopersicon
esculentum lectin, LEL) X2 i1 g (o i 45 5, #
HZ %[ iR Marsupenaeus japonicus F4 Ifil 4 il 73 i

http://journals.im.ac.cn/cjbcn

shrimp, hemocytes, classification, immune function

2 %5 vl OV 0 AR o 1 2 T 1t 240
Mgk 32%, FFEME T 3 ANy ERIZES;
R A BUF T Wright Y RHDESE S0 B G
THHF Macrobrachium rosenbergii ifil 2 Jifd 43 i, 3 >

oA 238 X IR 2 F % RGELH S D RE AT T
IR . I 2000 4 F @F200R T 1 mhiR
2K ML £ 6 2 A TR S R BRI I 0 5 i L 2
5 MEJERFT, LR TIFRGE RSN
WFoEHE R 5 Vazquez 2%} 2009 4 i [ 7 FE 7% 3
Yy e BENLTI B TR AT T 4, 2010 4F H K%
e WSl e SR T Ik K B A g 2 BF 5T 0 E
Soderhall 45Oz 1S 34 i i AR FH B Sk
Jis IEARTSEH Song ZEMIN—FiEE B A4 B K
KAy N F——XIF R DI RESEA T T 45k, Xk
CERCEER L, RIXFIR R e R B &
PG TARKER, EEZEIRA. B4k, 52
BT 0R) AR kg FH T R 28 G g ML A 5
X MR 2SS 1L 24 B P 2L RN 2 RE AR TR B T Z R oB i &
MR, RS B8 580, DT
S [FI B985 2Z 0] 1 S8 o 5 AR R T

FET U, FATXS 2000 47 J5 SRR 5 4 E N
HMERXTHRSE I A0 M5 26 S RE W BIF9E T AR AT T
PREL. BEE S5, PR T RS A0 M R A
R AR UE, I B X RBEAEAR 3200k
1) FZIE A RHE M e 2 DI RE AT T TR AR A .
Ay B LA SO S 550 H, TR O RS I 44 A
MR RGN, WIRA T RIS L
il R B B T B

1 SFXmAMEE D KRR R

L1 % LR MR AOTE B B9 53 2 75 5 R AKAR
SIS ) L L BRI 15 o

W SRSy, A IS . A ARE TR



BRI SR M AMIADS K SIALER ST R

HE e, AGIRETRE G, iy i
TE Bt B

KT R M AL sr S fam 45, T AN A
HEMARRRE | BT B, DU H
AR, —HEASE AR &), BT
AR Je S S5 B BRI, X RIS I 241 A Y
15y, FEGEAEEE MBS T BB E /6
MY AR, ARARAIMI /N . R . A
SRERETE S NN & 4 @ ol (T D 5

g, s 2 U S e B A 3 B H B
W T KT A I 240 LA 3 PR A0 L /NSRS 4
TR A . Martin®® | 25 77 2R R g 1 g
B R Sicyonia ingentis . il M XFEF Penaeus
californiensis 1 H [E] X MR A9 L2 5, ARl ol 240 e
UL A AT TR/ IN e B 1 I 240 L 53 >A I Fr 4
(Agranular hemocyte) . /NECK: 4 (Small-granule
hemocyte) FIRBUkI4NiE (Large-granule hemocyte).
WP 2B s s R o HR, X 4 R IR Y
I 240 B 7 AR S 2 A B Y, MR I 4 PN A
R, REIRE — S IORL I K/ INRIZE RS, 7E 3% B 4 M
VANV TIE vt AN B vt OB ) | TR
WAEANRE o JRAT 200 8 Tl s ) 1 A A 2L T 2L
YIRS AN, AE R 8 B Y 3RE 19 6 R R H
AN UR A ZE 45 A1 20, Ik B 2 SR 2H 2 ) B s vh
WL, HARHMEE A DN FIE s mAR I, KA
AORMBEME, FYART R 2R R ER,
H A2 HURPIRHES ], TR AL ZE SR ML AR 5
BRI AR, A R R R S, L
WAz R IR RS, (EA S Rk ik,
302 T i 37 P 20 26 A T K . Corniick 25 POVAR 4
WK A4 p, L AZ T L AN Giemsa G BUARAE , KB
IF Homarus americanus 9 L4050 R 4 2% AB
HI4iJie (Prohyalocyte) . i#EBA4NM (Hyalocyte). W&
Frer Wik 40 e (Eosinophilic granulocyte) FiE 4t
TR0 M (Chromophobic granulocyte) . Van de
Braak 25 P i 6 B 5 %65 R 9 1L 40 M 4T May-

% : 010-64807509

Grunwald-Giemsa % & F1G45 ) RS I, B
AN 53k 5 AT . HLAT W8 TR 1 200 i I 174 1 20
JL 5 A ek R TR P AV (R I 4B L SR G £
AN . HAT g R L/ INER 9 20 A L PRA% R L
B M4, Vazquez Z22VF] 85 Fi e 48 W EE T
F IR AN, & T R e, K
MA0AE A% 3 2 B i 2 BB EE R 2
T — 2 B . RN A —H
LA A S M 1 A ORI . B D o R 4y
fRAiE . T IR S RRAE St X 23 R 6] 114 1t 240
MO, B FUMEE, ERMEENERS . B
] ) SEG AR IR B . BUBER . CRAF B [RI# mT B
XTI AT AR . e AT P Ok A B A
R BRI ES

B SCI AR FELS R R 2, 2%
SR Z2 (AR . DR 1) i B T J 7 X i
YN A o 298 . MASHEZL TR R, ik H B
FHER SO REBUIAR B AR HE4 743 280 i& . i, Sung
2 VR S [ oL 200 7 0% 1 B T R oA, K B
XTURAG 3 2R 4 Mk — 2543 1 T 6 Rl IR DI RE Y
QUM R o RSO AP 2 i 4 T e XA [
I 200 BTGB ) B S R AR, 5 B TR 23
B RE IR T, B e v [ I ) 17 B 4
TR 200 0 43 5 1ok . Seibert 452V 45 i) FLgh
EEXTUR Litopenaeus vannamei (9B FEEHIA, 5
3 ol i 40 P R I S, A RE VA 55 A R ke
SRR — el 55 £ I 240

AR B v BT A R A S I 41 RS 7R B
R, AR AZEARIAT R L — Ml A FE
58, M 2000 4RI R, A VF 2 FE AT
KRR T Percoll %5 BEB6 BE O M ik, 193] T
B0 43 B R R 28 2T] i B e AU o 3o 7 Y 5
BEEE RSOy, KA T LLEEZEUT 3 A [R] A 1M 200 A
Horr, MR 40 MO E 65% Percoll J2, 45 i3 99%;
852 B PRI M 32246 TR )2 B 35%
Percoll &b, HLEZ N 83%, Mife F2, &40

. cjb@im.ac.cn



ISSN 1000-3061 CN 11-1998/Q A:# T.F2%4k  Chin J Biotech

Yy 5 MBI 90%., Dantas-Lima %5 B gl s v
(lodixanol) %5 JE#HE B, MR I 40 A 18 2% 15
T BE 25 N BB B, % R 55 X IR
M4 T Subl % Sub5 3 54 # , i Subl
LA 7 W 40 i i ML RURRAE , Subd HAT - 50k 2 g
FURRAE, Subb 5 B0k 4 i = FEARMRL, T Sub2 Al
Sub3 A 25 0 e €0 KRR Ak T 0K 200 i A0
ORI ML Z 18] 5 Sub2 21 L 2E AR S AF T B ) B <
HAT K F) 96 h; Subl Al Sub4 R4 L iE HAT
AW . Koiwai 251 FH 4R 2 FIREILTS 240 i
ri% (Magnetic-activated cell sorting, MACS) )
ik, JehdE IR EEAE 2 (Wheat germ agglutinin,
WGA) M hnkEHE 2= (Lycopersicon esculentum
lectin, LEL) XJMiZHpayeta, i —2 MACS Jr
R M A R R T IX 4o

T MLASCRT DRI | SRR B TR TR A
H RN TS A — RANFRE S 5, I AT DIAR 38
T3 1 2 203 FRIKE 418 22 04 4 M SRR 0 16 1 O . aX
SE 3 AR L R B A A2 RO B IS 7 A
DO CHUE S B R YOUE S T E
R RS O 8 B DG I . O ] B
(Forward scatter, FSC), Bl 0 FEMAES. HGS
9o 5 SRR T AR A R/, 5 [l — 20 i 2 AU ) 4
i A T AR A K /N BCOE B s @ 1) #ESY (Side
scatter, SSC), Xk 90 FEMELS . HAs 5o
K, U0 BH 20 N T o0 B A e, JEE SR T A
L PR PR AORL T BT AR DGR B o LAk, BRZiA
27 U R U A0 BB AR AT AN W] 3R 26 1 248 P
(943 85 S5 I RERFSY . 10 Yang™! | Sun 252943 5%t
JFLANIEERT BRI e 56 10 il 20 i i 4T 1 BF9E, ok
file 2 A BE T X AREO | 7 R J5UECUR . Procambarus
clarkia®"i 4 AT THFST, Li S0 xh2r B R
HEAT T WRSE, Koiwai 25270k H A< 6F 0 i 40 S T
T, Bk FE MR A RN, KRE2EURE
I A AR AT LIARYE FSC Al SSC I 2 FFAE 43 Ky
3N RE, B FSC 1 SSC #Rf/MYZKEHE (B

http://journals.im.ac.cn/cjbcn

BHZMffL), FSC F1 SSC #BA R MIZEHE (FUkLAN fia)
AT PIE PRI AR CRBURL A AE) (& 1)
Yang S5 XA I A AR 3 25 1 19 3 28 LA X
U P ot 2 LS AR A T T e €8 SO W B A BT, 2
FRB, A B 5 25 i 3 2855 Wright 4
EAFEI 3 KA A SERRAEARIR] , R W40
TRFR AR /N . R B A3 o 87 0, Uk 4 AR FRUR K
I P9 4 e 42 2
1.2 SREMYAME =T B 5 255 £ FIFE

3 25 G AT b RS [ 9k v OGS TR MRS
ALY 3 2R A5 IR S 44 0 2, A5 HAL IS B HESh )
SR A A A 2 T SR, FRATTEEL, AR I
20 i T URL B L R /INDL B AT L, RS
P2 AR S R 3 ANEHE, &4 (Hyaline cell,

SSC

1 FLAEXEF 3 m4mpmey HE &P A) 55
AL T EY (B)

Fig. 1 HE staining (A) and flow cytometric analysis (B)
of three types of hemocytes from Litopenaeus vannamei.
(A) HE staining™. HC: hyaline cell; SGC: semi-granular
cell; GC: granular cell. (B) Flow cytometric analysis®?®.
P1: granular cell; P2: hyaline cell; P3: semi-granular cell.
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Table 1 The characteristics of three subpopulations of shrimp hemocytes

Characteristic

Hyaline cell (HC)

Semi-granule cell (SGC)

Granular cell (GC)

Size

Shape

Nuclear-cytoplasmic
ratio
Granules

Wright-Giemsa
stain

Flow cytometry
analysis

Under electron
microscope

Smallest; 4.4-20 um in diameter

Oval or subround @

Largest; with little cytoplasm

No granules in cytoplasm

The nucleus is blue, the
cytoplasm is colorless or mauve,
with no visible granules or few
red granules in cytoplasm

Forward scatter (FSC) and side
scatter (SSC) are both minimal
Contain a small number of
mitochondria, rough endoplasmic
reticulum, smooth endoplasmic
reticulum and ribosomes, and
golgi apparatus is rare

Medium; 15-22 um in diameter

Mostly oval or ellipse

Medium; nucleus is clear and
on one side of the cell

Small granules in cytoplasm,
0.2-0.4 pm in diameter

The nucleus is blue, the
cytoplasm is mauve, with a few
small red granules in cytoplasm

FSC and SSC are between the
other two types of cells
Contain ribosomes,
endoplasmic reticulum, and
golgi apparatus, and rich in
mitochondria

Largest; 17-32 um in diameter

Mostly eIIipse

Smallest; with abundant
cytoplasm

Large granules in cytoplasm, with
strong refraction and even
distribution, 1.2-1.8 um in
diameter

The nucleus is dark blue, the
cytoplasm is mauve or red, with
many large blue-purple or
purplish red granules in
cytoplasm. Mature granules are
darker stained

Forward scatter (FSC) and side
scatter (SSC) are both maximum
Contain many ribosomes and
endoplasmic reticulum
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Immune function of shrimp hemocytes. HC: hyaline cell; SGC: semi-granule cell; GC: granular cell; PO:

phenoloxidase; proPO: prophenoloxidase; ACP: acid phosphatase.
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Wk K Ak & W75 %) 58 (Carbohydrate recognition
domain, CRD), fgf%&—kHiiRHf456 A 4
W 2% 1R 1R K AL G F 8, SR A B AC R,
it A I 24 BT S A R e, 5 | A A TR A I A F]
PR A IO, A2 B0 RSB ML
A HAMEEE RN, AN BEAE R F LA T35
Mg rp b T — s B M0 R R AP
R4 AN 8 T v O S e oy b A 1
i,
1.3.4 BE&EER

W2 BB T, 453493 30467 174 Ik L pfe ik
BELS I — I L g B, AT B 1R 5 5 sk £
P TR A I AR o BE S5 A PRI T e 45 25 1
(Clottable protein, CP) RAEMMIL, XFES
Yy & A & WL e g (Transglutaminase, TG)
HEALTE B3, i TG e rb S R 3 1 40 i
R 2 it £ R0 Yang 28I g R
FLANTEXTER R TG 9 mRNA 7632 1A 40 i b 1 2635
K2 T3 A 2 A iy 10-20 %5, A L
FINN, PR SS T EE4S R, Vafopoulou
AU R B, TR IFRIT 32 IR0 5 48 h Dy,
FEUIA MR LT DT Jr, R BUR 40 i 2 2847
TR . Maningas 250250 Sy, MR2H 88 i fr) 2o i
FELE—FP GBI, BN 4 U s
et B OB A B AP KIS AL, I O i R
G5, PARESEEN . REEglY, WiEs)
Py 100 (] S5 0L T %) G —F 0 A SR 2 i
N, 2k UK 20 M A AR o I BT R s H
SR R fih % U AN G B A, S v
il )2 . R A — 2
1.35 HURERL

HATIA R, 2 J0kr 20 B R0 0k 20 A 2 & % 4 i
S REHU TR O Y T B 2T Xue 459
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AT K, 43 AAEXT IR A BELE A AE R 5 (White
spot syndrome virus, WSSV) JYLni . e i |
SRR, X LN E ST IR RS TR SR Y, 45 R
R R R 1E R B A S Ak, TR
MR 2E . 25 RB I HE FEW KR
) 3 DR — e G gl N & L, 40 Toll A2 44
Crustin, C HUBELERSF, X SR S AHOC A+
Bk e o ok cE TR oV 1 DR B TR v O SIS T AT D
HEMIX 2 FS 20 M AR MR 2T B S R T %
VERT. Li BRI, FRLLBHIF R, R wHbt
SR 20 JfL AT SURL A BRI, T WSSV gk
ORI M . A R 20 P A S B, T WSSV
KL W AR I E A M P s R A B TE]
Havanapan Z5C°VL B, ZEBE AR, #3075
(Yellow head virus, YHV) == %255 35 J0ki 9 I 41 i
FHEAERIEE AT S, e % W 4 L
FREIAF] . KRR R B, H AR
HH MVIGL EZAE A BRI A bRk, I
H.BfiA WSSV e i [ia] (1 35 i, Rk B kg
AL, WSSV 5 2 B Ge o s M 40 it Bt A W 8 52
Wi, AEFH LI EMI R, WSSV kg B At
ING A MAEATET- IS, fE56h N, TS
20 2 K 3.6% F7H#) 30%. Song ZpESY &
B, LY X IR AR e M Fr 27 A RE % 7 (Taura
syndrome virus, TSV) J&, JIfi 4 i 6 450r ik
A0 A I R 21%F1 17%.

ZE ERTIR, FRATRE ARSEAS [R] S i 248 P 7 A
REFP I IIREHEAT T B 4s, LA 2,

2 REERE

Xt I 20 AS R A ) o i, AR TR Sh SR
S e S O RER AL . HUA R B, fESE
i S G AR S P SR ) I 00 S A P 0 5 A
Jiik, AREHAT IR AR SRS . (2 H AT R
L2400 PR = B AR AR AT A — BB - AR
IR, (B B I A RO, e

% : 010-64807509

Ji 240 T ) B AR A BRI 5 3k A R AR B A T B
A at B, (R A A f il AR =, By
B AR K s AR R B R
{IENGER = 17N = P B o 5 7 B =8 9 A
AT . RIS BB PR R A MG = AT SR 0
ATy 2 TC A HE B 40 10 240 B AH S 5% T A 7 i DL 1)
A &

ZEAA AN TR 27 38 X6 B 2K 1 240 e 43 28 B AF 9T 5 SR
ATLLA B, 3 Fhimgn v REmEcE . k. ThEE
FEHM, EARSCERMESICFE—EER, &
BEAFFHESAR T MRS, B, B
2 JE A BOIRS 12 FhlRE 1R ] Wright-Giemsa
LA EEMER R kT aY, 45 RERH,
JKEFAY 3 R Mg A b FEIRAK IR /N, SR
R 25 46 2 000 20 B Y B R 2E BN, YE L AE
0.4x107-2.5x10" AN/mL. Hifth =3 XF A 6] 45 25 1y
AR/ IF G R, & BRR K RIS i 200 A A K
RS S B PR AR Y | 2y B R A K
B B R 10 um, 2P0k 42N
15 pm, 0Kz 2 i BE L 2] 16 um DA b5 RS £ H
X RO B o R U O i K B 114 17 B 400 AR 24
8 um, ERUCRLAEMIZY A 10 pm, S0k 4 AN
i 15 pmo BRI, phi e SO i %) 8 FhiRk
AT HURE e B 7K R 1 i 200 Y B IR KR
R K U L 20 M 1 B0 9 10°-10° AN/mL, T 7K
RO 107 AN/mL; o [E] ks 38 ) PR 5 e af
PRI, M0 B S T B, BAR AR
AT T TR A 5T

PRz 4, 20 kB, MEERER . AR
R I & B AR 2R 0948 AL 3 0T B EOER S 1
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FEINRE AR B2 S i, Xu 2R 5y R 2
F X IR AT TR A I 7K P iz B bR A2 i 240 A I A 7Y
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ey ST ) B8 o T AN TR AV, (L35 B 40 7 L A0 J
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