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fU7CHE#E (Scylla paramamosain) 23 [ 7R B 56 43 A5 11 55 B K R g 2
Z—, BARIVEFRMEFZTNE . LTRGBS 80T kI Bk
TRAUR, AR I, R ol e DA G 45 2 =2 E 4 T O =2 0 2 75 B R 1)
E B IR, 0 H B0 N M AR AL (AT 78RR St fiI9IL O B R R SR AL
FAKHE . ATIAMAT SR I E B R G IR E 3 h J5, SpFLT-1 mRNA 7E (i itk I 4
Mt b i 2 BRSIA, HAZER B350 A0 T 75 B i ybk L 40 i R 8 B 4 1 e s 48
gepyrp, SR A2 BRAEILERL, WoREAZ ] BeARTEA TAE T . 5T
FERTIA CAEREAN B, ook 1 RNAT BRI R, FFEE 7 SpFLT-1 2 A /e
S R IE R R, IRAIRD T HAEINE NS R ER . 53—, FI AR
FUAE 20 ML P s, BRI T IR AT B AMLERAE . XS T flotillins ZX5 ) 75—
B, flotillin-2, f44 A SpFLT-2, WIBHEST T JAE LPS HIEUR I 15 5 B Je G
(IR R o AT UG 5 8 1) s B v B it B L (R A 9T B Rk S I S5 SR T

1 4 7 40 B B A B N R S L PT RE @ A% o AR A K =
FRBOIE ) R4 B0 BN 5 2 B DL B LA i &, 45 SRR 2 MV R N
T SRR AL AR M 71 B, O RE 27 I 40 M B e N B A i o Dy 1k —28 1 v e
TR AR AU B I M 1 T e AR, FRATTR) FH o 4 P A [ P R i A2 PR A e
A E A AL IS BN FITC FRic s NG, a8 v 5 A A 83 i e e AT 0
SR N RIS o 285 R R IR T B e 52 70) MBCD A3 2H o HfiL 48 B 1) P 5 A3 A
8.8% %K 2 5.8%; = MU/ AMHI5 rottlerin 1 &5 2 i 1A INE A M (11.6%
% 6.0%) . W7 JE A AR X DA R B A AT R AE VA i B N\ B AR T — & MO
Hio

2 IRNERVF T L B AR A 45 M B[Rl SpFLT-1 75 V4 S I b N i 2 1)
fEH . ARE R FHXEE RNA (dsSRNAD B n) 75 88 J5L AR 7= M40 Ml HH (%) SpFLT-1
FEIN, BERSK I R IA B FRIK 44%, H SpFLT-1 dsRNA b ZH 4 il N 7
FUERRR. ARIRIE I T SpFLT-1 KU #IA Ak pCMV-HA-FLT1, 34
HiE Qe i fn EPC b dEATR0E . 45 R WoR SpFLT-1 &5 i ek vl i 2 4
I EPC 4L I BTN N TR o 85 SRR SNISAIE | SpFLT-1 7] e 2 1
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M =FAFE SR g rp R AA T O . ARIR A gPCR yE4kadl | SpFLT-1 A
SpFLT-2 PR ZE4U CE BEIR NG B2 AR A [F) & & W Bkt i il Rk L . SpFLT-1
HEEMR K E FIREER S, EREKKE, RIAFBDHRK, BRI
| iR =i, 1 SpFLT-2 B FZEM AR UPRL A Eml b & 8m, HEREM
BB IKPRUR HARLT . 7R3 IRIG R BB RGO Zy LA Em1-4 1, SpFLT-1
HER ) 30k B 3w T SpFLT-2. W] SpFLT-1 K& [l e /2 7 BEIEfin A & L
HRAIE RGN R B I T R P B ORSRE mAE F

KH Percoll 443 8575 8 — A AN RIS AL 00 Mo bk 4, 43 2@ W 4n e 2
BRI LA K U0 . SpFLT-1 fE BRIl i ik B e, PR 4i Lk 2
3% WA AR AR A s 17 SPFLT-2 1E =Fh i A vh Rl kP i — 8, WH BB E 5
HARIE TG SpFLT-1 I o 45 53 B 9 4 Jik DA/ AL 200 ffd P 1 3 A 38 DL % e o
B R EIIMER, JoHR SpFLT-1 f6MTki 4 i b it s ik, oL ht S
Moy A 2R e R O K

4 WL AT T L E MR AR S5 M FE DR SPFLT-2 76 LPS Hil ¥R 75 va o B gk
Gerh ) FRIE R ARSI H qPCR VA | SpFLT-2 BRI AL LPS Hill o 4 5 jgk
LU B bk A0 i AN ) A 1 . 45 R s LPS BT 96 h, SpFLT-2
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Abstract

Abstract

The mud crab, Scylla paramamosain is one of the most important marine
breeding crabs in China, with vital nutritional and economic value. The animals are
usually raised in ponds at high densities which has led to disease epidemics in recent
years. Bacteria especially Gram-negative bacteria (e.g. Vibrios), are one of the leading
pathogens infecting these crabs. However, the pathogenesis is poorly understood and
there are no effective immune control measures yet. Therefore, clarifying the
pathogenic pathway of pathogens could provide a scientific basis for controlling the
outbreak of crab disease. Previous study showed that SpFLT-1 mRNA was
significantly up-regulated in the haemocytes and gills, and the protein distributed in
the membrane of lipid raft microdomain was co-localized with vibrio proteins which
indicated that there may be interactions between them. Based on the previous work,
this study improved the effectiveness of RNAI and constructed the overexpression
system of SpFLT-1 protein in EPC cells, and discussed its role in the pathogenesis of
Vibrio. On the other hand, we used chemical reagents to inhibit cell membrane
endocytosis pathways, to explore the possible strategy of Vibrio entry. For another
member of the flotillins family, flotillin-2, named SpFLT-2, we characterized its
expression pattern upon LPS stimulation and Vibrio alginolyticus infection. This study
will provide important research data for crabs’ disease prevention and control. The
results obtained are as follows:

1 The possible entry pathways of V. alginolyticus were analyzed. V. alginolyticus
with good exponential activity was incubated with primary cultured haemocytes of
crab. The results showed that several bacterias gathered in the periphery of the
haemocyts and could enter the cells through the cell membrane into cytoplasm. In
order to further explored the possible pathways of V. alginolyticus invading
haemocytes of crab, we treated cells with FITC-labeled V. alginolyticus by using
specific endocytosis pathways chemical and calculated the endocytic rate. The results

showed that the endocytosis rate of haemocytes in the MBCD treatment group
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Abstract

decreased from 8.8% to 5.8%, and the macropinocytosis inhibitor rottlerin was
significantly inhibited the endocytosis rate (11.6% to 6.0%). The results suggested
that lipid raft microdomain and macropinocytosis may played a role in the process of
V. alginolyticus entry.

2 Further study in the role of a lipid raft gene SpFLT-1 during the process of V.
alginolyticus entry. In this study, double-stranded RNA (dsRNA) was used to target
the SpFLT-1 gene in primary cultured haemocytes, which decreased the protein
expression by 44% and the cell endocytosis rate was significantly down-regulated in
SpFLT-1 dsRNA treated group. Besides, the overexpression vector pPCMV-HA-FLT1
of SpFLT-1 was successfully constructed and transfected into carp EPC cells for
expression. The results showed that overexpression of SpFLT-1 protein could
dramatically increase the entry of V. alginolyticus in EPC cells. The in vitro study
indicated that SpFLT-1 may be a key protein in the process of V. alginolyticus
infection.

3 The expression of SpFLT-1 and SpFLT-2 in the different stages of embryonic
development and three different types of haemocytes were analyzed. The expression
level of SpFLT-1 gene was higher in the early stage of embryonic development, and
decreased gradually with the growth, the lowest expression in Zoe I. There were no
significant different expresion for SpFLT-2 gene. And the expression of SpFLT-1 gene
was significantly higher than that of SpFLT-2 in the whole embryo development stage
Zy and Em1-4. The results indicated that SpFLT-1 gene may play a more important
role in the early development of embryos development, especially the nervous system.

Three different types of haemocytes were isolated by using Percoll method,
which were hyaline, semigranular and granular cells. SpFLT-1 had the highest
expression level in granular cells, followed by semigranular cells and the lowest level
in hyaline cells. The expression SpFLT-2 was consistent in three cell types and there
was no significant difference. The results showed that these two genes played a role in

the normal physiological and immune responses of haemocytes, especially the high
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expression of SpFLT-1 in granular cells, suggesting that they may be related to the
release of phenol oxidase system.

4 The expression characteristics of SpFLT-2, a lipid raft related gene, upon LPS
stimulation and V. alginolyticus infection were analyzed. In this study, the expression
of SpFLT-2 gene was detected by gPCR in haemocytes and gills upon LPS
stimulation and bacterial infection. The results showed that SpFLT-2 gene was highly
upregulated in haemocytes at 96 h after LPS stimulation, but no significant difference
was found at other time points compared with the control group. In the gills, 3 h and 6
h after LPS stimulation, the expression of SpFLT-2 gene was significantly increased.
The expression of SpFLT-2 gene in haemocytes and gills of crabs was significantly
upregulated at 12 h after infection. The results showed that SpFLT-2 played a role in
the infection of V. alginolyticus, and whether it was involved in the process of
bacterial entry or intracellular infection need to be further confirmed.

Keywords: Haemocytes; Gills; Vibrio alginolyticus; SpFLT-1; Endocytosis; SpFLT-2
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1. BEIABNMEYHLI

ORIk S0 R R AN A P T D P s R R R B, I A KA T
FERB AR, HAAH 8 L 2 R e AR EE (Mud
crab reovirus, MCRV) 152 BB R B AEY), A B0, 7T LS e
AR B B AR R T AL A, 1200 B e RVl | T A0 IR R 1) 45 4 AL 234 M, 3 B
KRR

AT AF SR AT FE 3 38 I T R AR N o3 A B — A AR R R I R AL H R
Hematodinium sp., D% UkESE e 1] PUSRGL Z Flifg e R 72 shd), HamArmssm 73
] 7K R 5 ) PT RR R E  Je

BREEHECHRER

ARUR G RN B rh 7 B A3 3] — B R Re 2 P ik ar 44 2 SCY 2,
S5 SRR W% 8 A T eI I SO E P 4ERRRS T 7E MERR AR Y BORS R IRAS s AT R 4%
AR TRE, IR ISR HARAT RS AL B SSH cDNA SCPE %58
HRAIAE T 2A (H2A) XA 22 FPH R B BT R B B 2 A B R L bR
WPER] HARSEAK Sphl2-38 SR HMRIIEYE, SR SO EERE, A
FRVEAT T, VEBBRTIRREE, AESF AT, JOUICRMEE, WK i A iE A
A B BRI BN MERREE (3uM) T, B2 i i — P37 B T B ik
SpHyastatin B ERFE . FERIATE . PURIEE S LA B IR G5 K ER3 )
ST TIRNIEFEB O, F4b, innexins KGR —REBREN, S TRIEKE,
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BRAEMBRMICRARELE, AN FEPDEEE 7 —MHE innexin2 %
R, 45 SR %R S % D R AN 20 i 3 1A 5oL,

WA W T B rh 7y B A5 2 ' 2 il 2 R O B0 B IR SpPR-AMPL X JBE B sk T
(Micrococcus luteus) P& INE (Vibrio harveyi) FILH BT BE M. Zhou
SRS — MO B A T RS TE R A B AT IR Splis-i BERS ARG IR G T _EiRER
ik, BHEAEARLAPIFE SRR FIMEE R w i, et E L el g8
55 e R T IR 25 G e 0 B R TE AT DA SEH e R, PR 2 REA T
(ALF) 2 H A 55 2 21 IE R I T2 5B 5V K B e X, AN
IR T 5 1] RE T EThRE M 2 K1 Hou ZEUSIZERTF 5037 40 25 45 21 1) SpALF6 X1t
NI FE R, A8 T AN RAE 7 51 SpALFE-M CBAAN S EER AR ) & SpALF6-V
(B R 45 KR IR LR R AL B SpALF6-M 5 SpALF6 At
TG T L A0 2 TR O e T R 3 i 1 DA R IR ol B e 45 5 Vi o T 7 e g I 2
K7 6 (Sp-TRAF6) FIReZ 5i#% ALF 3R, 7E78 R B )5 (k=28 it H
FEAE DA,

T R 5518 T AT A AR IR &, ] SR EATT A BAE H & B T8 s
JE I BURMLE RN EEL, Xu Wl SDS-PAGE. Jiiih. MR R 4.
G LUTIE A & Western blot £R 255€ 1 5 VR Bl U 35 VP12 FHEAEH
MCcVDAC, %45 50T MCRV G ML S48 137 0 L%

Tt 5 R LTS B e o 7y 2 SR I 2 2R 1, AR 2F AT B8 (Bacillus subtilis)
FFLNZFEAAT T (Bacillus pumilus) (N B INRES 18 = B BIAE S, 4%
I 77 22 A A PR 058 2 A B 0T T4 o S B e DR LA TR E 1 8 R A {1

ST B8R B AR IR FE, R B RN R R AR AT
YR A Vitellogenin2 FIREZ 5 T 0 RS UG A2 i) Sz Ry 1 I, Shu
U R R B IS K AEE A BMPs KL 2K T REL B 20 3k/55 40 WL FE7E
GBI BRI EEAEA . SR ISR SLE R IR S (Methyl farnesoate, MF)
MIZEATERE X 24k Sp-RXR AI ARG R: 7 (5 5122 5 HiEHF B 0 Kk
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