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A B S T R A C T

CD59, a multifunctional glycoprotein, not only plays a regulatory role in complement cascades, but also par-
ticipates in modulation of teleostean immunity. In this study, full length sequence of EcCD59 was obtained,
comprising a 5′UTR of 163 bp, an ORF of 354 bp and a 3′UTR of 559 bp. EcCD59 gene encoded a polypeptide of
117 amino acids. Tissue-specific analysis revealed that the highest expression of EcCD59 mRNA was observed in
muscle. Vibrio alginolyticus challenge can significantly increase EcCD59 mRNA expression in liver, kidney and
spleen. EcCD59 distribution was detected by a combined approach using GFP-overexpression, immuno-
fluorescence and ELISA assay, indicating that EcCD59 may be predominantly aggregated in cellular membrane.
Both EcCD59 and EcCD59delGPI can directly bind to V. alginolyticus and decrease the in vitro growth of V.
alginolyticus. Additionally, vibrio injection experiment indicated that the binding of EcCD59 or EcCD59delGPI to
V. alginolyticus can restrict its growth rate in vivo. In this study, we found that EcCD59 may be involved in
immune defense against vibrio infection in a complement-independent manner.

1. Introduction

In mammals, cell killing mechanism is playing a key role in immune
defense system and exhibits a cytotoxic effect on invading pathogens,
infected tissues and malignant cells [1]. Accumulating evidences de-
monstrate that macrophage-activating cytokines can exhibit a reg-
ulatory effect on complement system [2], thus regulating the processes
of phagocytosis [3], inducing superoxide production [4] as well as
bridging innate immunity with adaptive immune response [5]. As is
well known, three major complement pathways in complement system
can generate active complement fragments, then mediating lysis pro-
cess of invading pathogens by forming perforin-like proteins or mem-
brane attack complexes (MAC) [6]. Recent findings indicate that pre-
treatment of LPS can effectively activate mammalian complement
system, which can increase phagocytic activity and confer protection
against bacterial challenge, but destroyed complement cascades can
significantly abolish in vivo clearance activity of invading pathogens,
causing an elevated susceptibility to bacterial infection and leading to
an increasing prevalence of immune complex diseases [7,8].

CD59, a small and widely distributed glycoprotein, belongs to leu-
kocyte antigen 6 (Ly-6) family and shares a similar “three finger”

architecture with 4–5 disulfide bonds formed by conserved cysteine
residues [9]. Besides, CD59 also contains a GPI anchor located at the C-
terminal end, which can bind to cell membrane phospholipids [10].
Despite the members of Ly-6 family contains a conserved motif “CCX-
XXXCN”, only CD59 can exhibit a regulatory effect on the complement
system and its disulfide structures are involved in complement inhibi-
tion [11,12]. As is well known, complement signaling is converged on
MAC formation, but CD59 is playing a negative regulatory role in
complement pathways, which can inhibit the incorporation of C9 into
membrane-bound complex of C5b-9 assembly by directly binding to
C8α or C9b [13,14]. In addition, CD59 also serves as a multifunctional
signaling molecule that can participate in T cell activation [15], insulin
secretion [16] and tumor growth [17].

Evidences are emerging that innate immune defense system in in-
vertebrate possesses various pathogen-recognizing systems, whereas it
is only a fundamental defense in teleost [18]. For instances, teleost
contains a developed complement system and complement proteins
show a high similarity to their counterparts in mammals [19–21]. Al-
though most studies focus on function of mammalian genes synchro-
nizing innate immunity with adaptive immune responses, only a few
reports study on the architecture and expression of teleostean

https://doi.org/10.1016/j.fsi.2019.04.020
Received 12 September 2018; Received in revised form 4 April 2019; Accepted 6 April 2019

∗ Corresponding author. College of Life Science, South China Normal University, Guangzhou, 510631, PR China
E-mail addresses: weina63@aliyun.com, wangwn@scnu.edu.cn (W.-N. Wang).

1 These authors contributed equally to this work.

Fish and Shellfish Immunology 89 (2019) 486–497

Available online 11 April 2019
1050-4648/ © 2019 Elsevier Ltd. All rights reserved.

T

http://www.sciencedirect.com/science/journal/10504648
https://www.elsevier.com/locate/fsi
https://doi.org/10.1016/j.fsi.2019.04.020
https://doi.org/10.1016/j.fsi.2019.04.020
mailto:weina63@aliyun.com
mailto:wangwn@scnu.edu.cn
https://doi.org/10.1016/j.fsi.2019.04.020
http://crossmark.crossref.org/dialog/?doi=10.1016/j.fsi.2019.04.020&domain=pdf


complement genes or complement-regulatory genes. In recent years,
teleostean CD59s are only identified in zebrafish [11], Nile tilapia [22],
large yellow croaker [23] and Tongue sole [24]. Additionally, the data
on expression levels of grouper CD59 under vibrio challenge and its
function in immunity are also limited.

Orange-spotted grouper (Epinephelus coioides) is one of the most
important economic marine fish, mainly distributed in tropical and
subtropical water areas. However, the emergence of global climate
anomaly may be one of the abnormal phenomena and exhibits a lin-
gering effect in the expansion of seafood-borne or water-borne patho-
genic diseases [25,26], thereby posing a significant threat to the sur-
vival of aquatic organisms [27]. Recently, stressors may also exert an
adverse effect on grouper immunity [28,29]. Vibrio alginolyticus pos-
sessing a highly toxic extracellular product is one of the most serious
threats to survival of groupers [30]. In general, the increasing vibrio
population in an estuarine environment may be highly associated with
enhanced level of fecal pollution in water. Vibrio population may sig-
nificantly increase to approximately 1.3 × 107 CFU/g sediment during
a high-intensity aquaculture process [31]. Additionally, TonB/ExbB/
ExbD complex in vibrio strain can exhibit a regulatory effect on the
process of iron uptake and metabolism, thus rendering invading vibrio
more resistant to a microenvironmental condition of limited iron
availability [32]. Recent studies indicate that an isolated vibrio strain
EMI2KL can increase to LD50 value of approximately 2.57 × 107 CFU/g
grouper body weight with a higher virulence activity [33]. Thus, the
study on the immune response to vibrio infection in grouper may be
propitious to the sustainable development of aquaculture.

In this study, the aims were to characterize the full-length EcCD59
cDNA in orange-spotted grouper and measure tissue distribution of
EcCD59 mRNA. We also assessed the effect of V. alginolyticus challenge
on the expression patterns of EcCD59 mRNA in various immune tissues.
To further characterize its functionality, we also studied binding ac-
tivity of EcCD59 to vibrio and its potential effect on V. alginolyticus
growth.

2. Materials and methods

2.1. Animals

Orange-spotted groupers with average length 10.70 ± 0.33 cm and
average weight 12.50 ± 0.38 g, were obtained from an aquaculture
farm in Leizhou (Guangdong, China). Groupers were acclimatized in
70 × 65 × 65 cm plastic aquarium (25 fishes/aquarium) with the di-
luted seawater (15‰ salinity, pH 8.0, 25 ± 1 °C) for two weeks. The
groupers were fed with the commercial diet twice daily till 24 h before
challenge experiment.

2.2. Gene cloning

According to the highly conserved domains of EcCD59 sequence
from other species in GenBank database (http://www.ncbi.nlm.nih.
gov/genbank/), ORF sequences of EcCD59 were obtained by touch-
down PCR using the primers shown in Tab.1, and the liver cDNA of
orange-spotted grouper was used as template. Then, 5′ and 3’ rapid
amplification of cDNA ends (RACE) were performed to obtain full-
length sequences of EcCD59 by using the BD SMART RACE cDNA re-
action kit (BD Bioscience Clontech, CA, USA). Gene-specific primers
and nested primers were shown in Table 1.

2.3. Sequence alignment and evolutionary analyses

Both nucleotide sequence and amino acid sequence of EcCD59 were
analyzed on the NCBI blast program (http://www.ncbi.nlm.nih.gov/
blast/Blast.cgi). Conserved domains of EcCD59 sequence were pre-
dicted by motif scan analysis program (http://myhits.isb-sib.ch/cgi-
bin/motif_scan). EcCD59 amino acid sequence analysis was performed

by using ExPASy tools (http://expasy.org/tools/). Signaling peptide of
deduced EcCD59 amino acid sequence was predicted by using SignalP
4.1 server (http://www.cbs.dtu.dk/services/SignalP/). Multiple se-
quence alignments of CD59 amino acid sequences were constructed by
using ClustalW program and Genedoc program. Phylogenetic tree was
constructed in accord with amino acid sequences of CD59s by MEGA
6.0, using neighbor-joining method with 1000 bootstrap replications.

2.4. Immune challenge experiment with Vibrio alginolyticus

Strain of V. alginolyticus was cultured in seawater medium (1‰
yeast extract, 3‰ beef extract, 5‰ peptone, pH 7.2) for 24 h at 28 °C.
Seawater medium was centrifuged at 10000×g for 15 min at 4 °C, and
resuspended in 1 × PBS (phosphate-buffered saline, pH 7.3). Based on
previous studies on teleostean immune experiment, the concentration
of V. alginolyticus was adjusted to 1 × 107 CFU ml−1 before the immune
challenge experiment [34]. In lab, orange-spotted groupers were ac-
climated into separated plastic aquarium with diluted seawater (15‰
salinity, pH 8.0, 25 ± 1 °C) for 24 h before vibrio challenge experi-
ments. Vibrio challenge was performed by intraperitoneal injection of
100 μl suspension of V. alginolyticus in PBS. In addition, the groupers
injected with 100 μl sterile PBS were used as the control group. Each
group was composed of six groupers, and each treatment contained
three replicates under the same conditions. Tissues were isolated at 0, 6,
12, 24 and 36 h post-injection, immediately frozen in liquid nitrogen
and preserved in −80 °C.

2.5. RNA extraction and cDNA synthesis

According to the phenol-chloroform method, total RNA was ex-
tracted from isolated samples by using Trizol Reagent (Invitrogen, USA)
[35]. Concentration and purity quotient of RNA was determined by
measurement of 260 nm absorbance and 260/280 nm absorbance, re-
spectively. Integrity of total RNA was determined by 1% agarose gel
electrophoresis, then purified total RNA of each group was used to
synthesized cDNA. 1000 ng of total RNA was added and incubated with
Dnase I (Invitrogen, USA), and immediately used to synthesize cDNA by
using oligo-d(T)18 primers and Revert Aid™ M-MuLV Reverse Tran-
scriptase Kit (MBI Fermentas, USA) following protocols of the manu-
facturer.

2.6. qRT-PCR assay

Tissue-specific expression and vibrio-stimulated expression of
EcCD59 were detected by qRT-PCR, respectively. Differential expres-
sion analyses of EcCD59 (MF678852) were measured by using ABI 7500
Real-Time PCR system (Applied Biosystems, USA). Besides, the ex-
pression of 18S rRNA was measured and used as internal control to
normalize results of qRT-PCR analyses. Both primers of target genes and
18S rRNA for qRT-PCR were shown in Tab 1, respectively. qRT-PCR
was performed in a volume of 20 μl, including 0.8 μl of each primer
(10 μM), 6.0 μl of PCR-grade water, 2 μl of 1:10 diluted cDNA, 0.4 μl of
ROX Reference Dye (50 × ) and 10 μl of SYBR premix Ex Taq™ II
(Perfect Real Time) (TaKaRa, Dalian, China). The program contained 1
cycle of 95 °C for 30s, 40 cycles of 95 °C for 15 s, 60 °C for 35 s, followed
by 1 cycle of 95 °C for 30s, 60 °C for 60s. At the end of qRT-PCR am-
plified reactions, melting curve analysis was implemented to confirm
credibility of each qRT-PCR analysis. cDNA of each sample isolated
from six groupers in each treatment was detected by qRT-PCR analysis.
Each sample was analyzed in triplicate to certify the repetitiveness and
credibility of experimental results. qRT-PCR results were measured by
using 7500 software (Applied Biosystems, USA) with 2 -△△Ct methods
[36].
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2.7. Plasmid construction

To investigate EcCD59's function, we cloned a full-length sequence
of EcCD59 and amplify GPI domain deleted EcCD59 (EcCD59delGPI) by
using the primers shown in Tab 1. Following double digestion reaction,
the above sequences were ligated to expression plasmids such as
pGEX4T-2 and pEGFP-N3. All recombinant plasmids were confirmed by
sequencing for further studies.

2.8. Subcellular localization

Subcellular localization of EcCD59 and EcCD59delGPI was per-
formed as previously described [37]. In brief, Hela cells were seeded in
24-well plates and incubated for 18 h. According to manufacturer's
protocols (Invitrogen), cell transfection was performed by using Lipo-
fectamine 3000 reagent. In brief, Lipofectamine 3000 and pEGFP-N3,
pEGFP-N3-EcCD59 or pEGFP-N3-EcCD59delGPI plasmid were mixed
for 10 min before cell transfection. Cells were incubated with the
mixture at 37 °C for 6 h, and cultured with fresh medium. After that,
cells were washed with PBS, fixed with 4% paraformaldehyde and
stained with DAPI. Fluorescence signaling was detected by using a
fluorescence microscope (Nikon). The experiment was performed in
triplicate.

2.9. Immunofluorescence

To investigate CD59 distribution in liver tissue, immuno-
fluorescence assay was performed as previously described [38]. Briefly,
following antigen retrieval, paraffin-embedded liver sections were in-
cubated with 1:100 diluted anti-CD59 primary antibody (Abcam)
overnight at 4 °C. After washing, the slides were incubated with 1:500
diluted FITC-conjugated IgG secondary antibody (Abcam) at room
temperature for 1 h. Following washing 3 times with PBS, the slides
were incubated with DAPI or membrane probe DiIC18(3) (DiI) for an-
other 20 min, respectively. The fluorescence signaling was detected by
using a fluorescence microscope (Nikon). The experiment was per-
formed in triplicate.

2.10. Detection of EcCD59 in nucleus, cytoplasm and membrane by ELISA
assay

Nuclear proteins, cytoplasmic proteins and membrane proteins in

liver tissue were isolated by using nuclear and cytoplasmic protein
extraction kit (Beyotime Institute of Biotechnology, Jiangsu, China) and
membrane protein extraction kit (Sangon Biotech, Shanghai, China).
Then, the concentration of isolated proteins was determined by using
BCA method. After that, ELISA assay was performed by using a CD59
ELISA kit (Sino Biological, Beijing, China). In brief, 1:1000 diluted anti-
CD59 primary antibody in a volume of 200 μl per well was coated in a
96-well plate at 4 °C overnight, then was incubated at 37 °C for another
1 h. Following washing 3 times, the plate was blocked and incubated
with various concentrations of liver nuclear proteins, cytoplasmic
proteins and membrane proteins at room temperature for 2 h, followed
by the incubation of HRP-conjugated CD59 antibody. Then, 200 μl of
TMB in substrate buffer was added and incubated in dark for 30 min.
Until the color was developed, 2 M H2SO4 was added. The absorbance
at 450 nm was determined by a microplate reader [39]. In this study,
PBS group was served as negative control and binding index was cal-
culated as follows: OD450 nm absorption in text group/OD450 nm ab-
sorption in negative control group (n = 3).

2.11. Prokaryotic expression, purification and western blotting of EcCD59
and EcCD59delGPI

To obtain purified CD59 and EcCD59delGPI fusion proteins, the
protocols of recombinant protein expression and purification were
performed as previously described [40]. In brief, the above pGEX4T-2-
EcCD59 plasmid or pGEX4T-2-EcCD59delGPI plasmid was transformed
into E. coli BL21 (DE3) competent cells for protein expression, respec-
tively. The bacterium clone with the corrected plasmid insertion was
cultured in LB medium containing 100 μg/ml ampicillin at 37 °C with
vigorous shaking until OD600 reached approximately 0.8. After that,
IPTG was added to the above culture medium to a final concentration of
1 mM for another 4 h induction. Then, cells were harvested by cen-
trifugation at 8000g for 15 min and resuspended for sonication, fol-
lowed by the protein purification by using GST resin (Millipore). The
concentration of recombinant fusion proteins was determined by using
Bradford's method. Finally, the purified proteins were loaded on 12%
SDS-PAGE gel, separated electrophoretically and visualized by staining
with coomassie blue R250. According to our previous studies, western
blotting was performed. Briefly, the above purified recombinant pro-
teins were loaded on 12% SDS-PAGE gels and electrophoretically se-
parated. SDS-PAGE gels were washed in TBST (50 mM Tris-Hcl pH 8.0,
150 mM NaCl and 0.05% Tween-20) for 5 min, and then the separated

Table 1
The primer sequences used in this study.

Primer names Sequence direction (5’ → 3′) Use

EcCD59-F ATGAAGCACTCCCTGGGGAT clone
EcCD59-R TCAGTGGATGCACCACCACA clone
EcCD59-5gsp GCAGCACTTGAAGGTGAAACTGGAGA 5′-race
EcCD59-3gsp CCGACTGTCCCAAATGTTCCCC 3′-race
EcCD59-5np TGTGAGACAGGCATCGTCATAGC 5′-race
EcCD59-3np CGATGTCTGTGATTGGTCTTCTGGC 3′-race
EcCD59delGPI-F ATGAAGCACTCCCTGGGGAT truncation
EcCD59delGPI-R CATCGATGCAGAGGAGGGGG truncation
pGEX-EcCD59(delGPI)eF CCGGAATTCCGATGAAGCACTCCCTGGGGAT vector
pGEX-EcCD59-R CCGCTCGAGC TCAGTGGATGCACCACCACA vector
pGEX-EcCD59delGPI-R CCGCTCGAGCTTACATCGATGCAGAGGAGGG vector
pEGFP-EcCD59(delGPI)eF CCGGAATTCGATGAAGCACTCCCTGGGGAT vector
pEGFP-EcCD59-R CGCGGATCCGTGGATGCACCACCACATGA vector
pEGFP-EcCD59delGPI-R CGCGGATCCCATCGATGCAGAGGAGGGGG vector
RT-18S-F CCTGAGAAACGGCTACCACATCC qPCR
RT-18S-R AGCAACTTTAGTATACGCTATTGGAG qPCR
RT-EcCD59-F TGTCCCAAATGTTCCCCCAG qPCR
RT-EcCD59-R GGATGCACCACCACATGACT qPCR
RT-gyrB-F TCAGAGAAAGTTGAGCTAACGATT qPCR
RT-gyrB-R CATCGTCGCCTGAAGTCGCT qPCR
RT-GAPDH-F GTAAGCTGTGGAGGGATGGC qPCR
RT-GAPDH-R GGACTGTCAGGTCAACCACG qPCR
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proteins were transferred to Bio-Rad PVDF membranes on ice at 100 V
for 90 min by using a western blotting system (Bio-Rad, USA). After
that, the membranes were washed in TBST for 5 min, incubated with
blocking buffer containing 3% BSA for 2 h and then incubated with
1:1000 diluted GST-tag antibody at 4 °C overnight. The PVDF mem-
branes were washed in TBST, incubated with 1:2000 diluted perox-
idase-conjugated antibody for 60 min at room temperature. Following 4
times washes in TBST, PVDF membranes were developed and visua-
lized.

2.12. Binding of recombinant EcCD59 or EcCD59delGPI to V. alginolyticus

V. alginolyticus used in this study was cultured until the value of
OD600 reached approximately 0.8, followed by the resuspension in PBS
to 1 × 107 CFU ml−1. ELISA 96-well plates were coated with vibrio
suspension at 4 °C overnight, then blocked with 5% milk and washed
with 0.5% Tween-20/PBS. After that, various concentrations of the
purified GST, EcCD59 or EcCD59delGPI were added to the plates and
incubated for 2 h at room temperature, followed by the incubation with
anti-GST antibody and HRP secondary antibody. Then, 200 μl of TMB
diluted in substrate buffer was added and incubated in dark for 30 min.
Until the color was developed, 2 M H2SO4 was added. The absorbance
at 450 nm was determined by a microplate reader [39]. In this study,
PBS group was served as negative control and binding index was cal-
culated as follows: OD450 nm absorption in text group/OD450 nm ab-
sorption in negative control group (n = 3).

2.13. Antimicrobial activity

To investigate the effect of EcCD59 on the vibrio growth, the
colony-forming unit assay was performed as previous described [24]. In
brief, 10 μl of vibrio suspension (2 × 105 CFU ml−1) was incubated
with the 2.5 or 50.0 μg of GST, EcCD59, EcCD59delGPI proteins at
room temperature for 2 h, followed by 4 times wash with PBS. Then, the
mixtures were resuspended and incubated on LB agar plates at 37 °C for
8 h. The experiment was performed in triplicate.

To investigate the effect of EcCD59 on the vibrio growth, the optical

density measurement was performed. In brief, 10 μl of vibrio suspen-
sion (2 × 105 CFU ml−1) was incubated with the 2.5 or 50.0 μg of GST,
EcCD59, EcCD59delGPI proteins at room temperature for 2 h, followed
by 4 times wash with PBS. Then, the mixtures were incubated in LB
medium in a volume of 10 ml at 37 °C. The absorbance at 600 nm was
determined at 4 and 12 h, respectively. The experiment was performed
in triplicate.

2.14. In vivo effect of EcCD59 on vibrio infection

To investigate the effect of EcCD59 on the growth of V. alginolyticus,
the in vivo injection was performed as described previously [41]. V.
alginolyticus was resuspended in PBS, adjusted to 1 × 107 CFU ml−1 and
incubated with various concentrations of the purified GST, EcCD59 or
EcCD59delGPI, respectively. Then, the intraperitoneal injection was
performed. In brief, the grouper injected with 2.5 μg GST + vi-
brio + PBS, 50.0 μg GST + vibrio + PBS, 2.5 μg EcCD59 + vi-
brio + PBS, 50.0 μg EcCD59 + vibrio + PBS, 2.5 μg EcCD59-
delGPI + vibrio + PBS or 50.0 μg EcCD59delGPI + vibrio + PBS was
used as GST-2.5 group, GST-50 group, EcCD59–2.5 group, EcCD59-50
group, EcCD59delGPI-2.5 group or EcCD59delGPI-50 group, respec-
tively. The grouper injected with vibrio + PBS was used as the control.
6 fish in each group were collected after 24 h challenge and the samples
were preserved in −80 °C. The genomic DNA of the tissues, including
the vibrio DNA, was extracted by using a DNA extraction kit (Omega,
USA), and the concentration was adjusted to 100 ng/μl qPCR assay was
used to detect the gyrB gene of V. alginolyticus [42], while the GAPDH
gene of grouper was analyzed as the reference gene. The experiments
were performed in triplicate.

2.15. Statistical analyses

The data analysis was measured by using SPSS 18 analysis program
and represented as means ± standard deviation. All of the experi-
mental data analysis was subjected to one-way ANOVA (one-way ana-
lysis of variance). In the further analysis of Duncan's multiple range
test, only if the level of P-value < 0.05, the differences were considered

Fig. 1. Nucleotide sequence and deduced amino
acid sequence of EcCD59. The initiation codon
(ATG) and stop codon (TGA) were boxed, re-
spectively. The potential poly adenylation signal
(AATAAA) and the ploy (A) tail were under-
lined, respectively. The conserved signature
motif “CCXXXXCN” was enclosed by a dashed
box and conserved cysteine residues were
shaded in gray.
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statistically significant.

3. Results

3.1. Characterization of EcCD59 cDNA sequence

Both complete nucleotide and deduced amino acid sequence of
EcCD59 were shown in Fig. 1. Full-length EcCD59 sequence of 1076 bp
comprised a 5′UTR of 163 bp, an ORF of 354 bp and a 3′UTR of 559 bp.
The nucleotide sequence of EcCD59 predicted a putative polyadenyla-
tion signal sequence (AATAAA) at nucleotide 1012, which was 31 bp
upstream the poly (A) tail. ORF sequence of EcCD59 encoded a poly-
peptide of 117 amino acids with an estimated molecular mass of
12.87 KDa and a predicted isoelectric point of 7.88.

In Fig. 2, multiple sequence alignment analysis revealed that

EcCD59 was a member of Ly-6 superfamily, containing two functional
domains: ly-6 antigen/uPA receptor like domain (amino acids 23–98)
and GPI domain (amino acids 101–117). The multiple alignment ana-
lysis indicated that the domain structure of EcCD59 was similar to other
vertebrate CD59s. Genbank analysis indicated that EcCD59 amino acid
sequence exhibited the closest homology to those of Neolamprologus
brichardi (Accession No. XP006791961.1) with 91% identity, Punda-
milia nyererei (Accession No. XP005735060.1) with 90% identity and
Oreochromis niloticus (Accession No.NP001298266.1) with 90% iden-
tity. In addition, the predicted EcCD59 amino acid sequence also con-
tained a signal peptide located at amino acids 1–21, while the con-
served signature motif “CCXXXXCN” and eight conserved cysteine
residues may be involved in formation of disulfide bridges.

Based on the full-length CD59 amino acid sequence, phylogenetic
analysis was constructed by using MEGA 6.0 In Fig. 3, EcCD59 sequence

Fig. 2. Multiple sequence alignment of the predicted amino acid sequence of EcCD59 with other CD59 sequences. (PnCD59, Pundamilia nyererei CD59,
XP_005735060.1); (FhCD59, Fundulus heteroclitus CD59, XP_012713747.1); (PfCD59, Poecilia Formosa CD59, XP_007540635.1); (OnCD59, Oreochromis niloticus
CD59, AJB29397.1); (MaCD59, Monopterus albus CD59, XP_020474764.1); (PoCD59, Paralichthys olivaceus CD59, XP_019966070.1); (OlCD59, Oryzias latipes CD59,
XP_004086091.1); (SsCD59, Sus scrofa CD59, AAC67231.1); (IpCD59, Ictalurus punctatus CD59, ABI18969.1); (LcCD59, Larimichthys crocea CD59, ABG37787.1);
(NbCD59, Neolamprologus brichardi CD59, XP_006791961.1). The shared residues represented the similar regions between the different species and the conservative
degree was distinguished from light to dark. The Ly-6 antigen/uPA receptor like domain was indicated by arrow and GPI domain was boxed. The signature motif was
enclosed in red box and the eight conserved cysteine residues were underlined by black triangle. (For interpretation of the references to color in this figure legend, the
reader is referred to the Web version of this article.)

Fig. 3. A phylogenetic tree constructed by using
full-length amino acid sequences of CD59. The
full-length amino acid sequence of CD59 proteins
were extracted from Genbank and analyzed by
using Neighbor-Joining method by Mega 6.0 with
1000 bootstrap replications. The numbers shown
at branches indicated the bootstrap values (%).
Sequence used in analysis with their abbreviation
and GenBank accession number: (Neolamprologus
brichardi CD59, XP_006791961.1); (Pundamilia
nyererei CD59, XP_005735060.1); (Oreochromis
niloticus CD59, AJB29397.1); (Larimichthys crocea
CD59, ABG37787.1); (Monopterus albus CD59,
XP_020474764.1); (Paralichthys olivaceus CD59,
XP_019966070.1); (Fundulus heteroclitus CD59,
XP_012713747.1); (Poecilia formosa CD59,
XP_007540635.1); (Xiphophorus maculatus CD59,
XP_005812177.1); (Nothobranchius furzeri CD59,
XP_015813357.1); (Esox lucius CD59,
XP_010880289.1); (Salmo salar CD59,
XP_013981932.1); (Oncorhynchus mykiss CD59,
NP_001117969.1); (Xenopus tropicalis CD59,
XP_004913413.1); (Mus musculus CD59,
AAC00055.1); (Sus scrofa CD59, AAC67231.1);
(Homo sapiens CD59, CAG46523.1); (Labrus ber-
gylta CD59, XP_020504540.1).
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was similar to those of other marine fish Neolamprologus brichardi,
Pundamilia nyererei and Oreochromis niloticus. This result of phyloge-
netic analysis was similar to BLAST results, suggesting that the evolu-
tionary relationship revealed in the phylogenetic trees were in agree-
ment with the concept of the traditional taxonomy.

3.2. Gene expression of EcCD59 mRNA

In Fig. 4A, tissue-specific EcCD59 mRNA expression was detected in
all isolated samples (B: blood; I: intestine; L: liver; G: gill; S: spleen; H:
heart; K: kidney; M: muscle). A high-level expression of EcCD59 mRNA
was observed in muscle, while the lowest expression level was detected
in intestine. Moreover, expression patterns of EcCD59 in liver, kidney
and spleen were investigated at 0, 6, 12, 24 and 36 h after V. alginoly-
ticus challenge. In Fig. 4B, liver EcCD59 mRNA expression increased
significantly from 6 h to 36 h and peaked at 12 h post-challenge with

the highest value of 16.50-fold greater than that of the control
(P < 0.05). In Fig. 4C, a sharp increase of EcCD59 mRNA expression in
kidney was observed from 6 h to 36 h following V. alginolyticus chal-
lenge and reached a peaked level at 36 h with the highest value of
14.29-fold greater than that of the control (P < 0.05). In Fig. 4D, the
elevated level of EcCD59 mRNA expression in spleen began at 12 h
post-challenge and peaked at 24 h with the highest value of 23.66-fold
greater than that of the control (P < 0.05).

3.3. Subcellular localization of EcCD59 in Hela cells

The Subcellular localization of EcCD59 was determined by GFP-
EcCD59 fusion protein. In order to characterize the function of GPI
domain, we constructed the GPI domain deleted EcCD59
(EcCD59delGPI) ligated to pEGFP-N3 plasmids. As shown in Fig. 5, the
green fluorescence signaling was observed throughout cytoplasm and

Fig. 4. Gene expression patterns of EcCD59. (A) Tissue-specific mRNA expression of EcCD59 determined by qRT-PCR. The relative EcCD59 transcript expression of
each tissue was calculated by the 2-△△Ct methods using 18S rRNA as a reference gene, and the relative mRNA level was compared with intestine expression. (B:
blood; I: intestine; L: liver; G: gill; S: spleen; H: heart; K: kidney; M: muscle). (B–D) qRT-PCR analysis of EcCD59 mRNA expression in liver, kidney and spleen at 0, 6,
12, 24 and 36 h post-challenge. The calculated data (mean ± SD) of six individuals (n = 6) with different letters were significantly different (P < 0.05) between the
vibrio challenge group and the control group.
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nucleus in pEGFP-N3 expression cells. In contrast, the green fluores-
cence signaling was mainly aggregated in cytoplasm in pEGFP-N3-
EcCD59 expression cells, while the green fluorescence signaling was
observed throughout cytoplasm and nucleus in pEGFP-N3-EcCD59-
delGPI expression cells.

3.4. Detection of liver CD59 distribution by immunofluorescence and ELISA
assay

As shown in Fig. 6A, the green fluorescence in liver section was
predominately colocalized with red fluorescence of membrane probe
DiI. In addition, the liver nuclear proteins, cytoplasmic proteins and
membrane proteins were isolated for the detection of EcCD59 by ELISA
assay. In Fig. 6B, binding index in membrane proteins group was con-
sistently higher among the groups and increased in a dose-dependent

manner. These results suggested that EcCD59 should possibly localized
in cellular membrane.

3.5. Prokaryotic expression and fusion protein validation

The pGEX4T-2 plasmid, pGEX4T-2-EcCD59 and pGEX4T-2-
EcCD59delGPI plasmid were transformed into E. coli BL21(DE3) com-
petent cells for protein expression, respectively. After IPTG induction,
the whole cell lysates by SDS-PAGE. In Fig.7A, A strong protein band
was visualized in pGEX4T-2-EcCD59/EcCD59delGPI transformed cells
in comparison with that of pGEX4T-2 transformed cells. Following so-
nication, the recombinant EcCD59/EcCD59delGPI proteins were pur-
ified by using GST bind resin (Millipore). In addition, GST protein was
also purified from induced pGEX4T-2 pellets and used as the control.
Following the purification, the purified protein GST, EcCD59 and

Fig. 5. Subcellular localization of EcCD59 in Hela cells. Cells were transfected with pEGFP-N3 (upper row), pEGFP-N3-EcCD59 (middle row) or pEGFP-N3-
EcCD59delGPI (lower row). After allowing the Hela cells to adhere for 24 h in 24-well plates, the nucleus was stained with DAPI and the fluorescence signaling was
observed by using fluorescence microscopy.

S.-W. Luo, et al. Fish and Shellfish Immunology 89 (2019) 486–497

492



EcCD59delGPI were confirmed by western blotting using anti-GST an-
tibody.

3.6. Detection of the binding activity of EcCD59 or EcCD59delGPI to V.
alginolyticus

To investigate the possible binding activity of EcCD59 to V. algi-
nolyticus, ELISA assay was performed. As shown in Fig. 7B, the binding
index in GST group are consistently lower among the groups. In con-
trast, binding index in EcCD59 group or EcCD59delGPI group increased
significantly when the protein concentration increased, implying that
EcCD59 or EcCD59delGPI can both directly bind to V. alginolyticus.

3.7. Antimicrobial activity of EcCD59 or EcCD59delGPI against V.
alginolyticus in vitro

To investigate the possible effect of EcCD59 on the growth of V.
alginolyticus, the optical density measurement and colony-forming unit
assay were performed. As shown in Fig. 8A, the pretreatment with
2.5 μg or 50.0 μg of GST exhibits no inhibitory effect on the growth of V.
alginolyticus by comparing with that of PBS group, while a decreased
OD600 value was observed in EcCD59–2.5 group and EcCD59delGPI-2.5
group following 4 h incubation. In contrast, the lowest optical absorp-
tion was observed in EcCD59-50 group and EcCD59delGPI-50 group
throughout the trial.

In Fig. 8B, V. alginolyticus was pretreated with various concentration

Fig. 6. Detection of CD59 distribution in liver
tissues. (A) Immunofluorescence assay. Paraffin-
embedded liver sections were incubated with
1:100 diluted anti-CD59 primary antibody
(Abcam) overnight at 4 °C. After washing, the
slides were incubated with 1:500 diluted FITC-
conjugated IgG secondary antibody (Abcam) at
room temperature for 1 h. Following washing 3
times with PBS, the slides were incubated with
DAPI and membrane probe DiIC18(3) (DiI) for
another 20 min. The fluorescence signaling was
detected by using a fluorescence microscope
(Nikon) (B) ELISA assay. The calculated data
(mean ± SD) with different letters were sig-
nificantly different (P < 0.05) among the
groups. The experiment was performed in tri-
plicate.
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Fig. 7. Preparation of recombinant proteins and the
detection of their binding activity to V. alginolyticus.
(A) Production of recombinant EcCD59 and
EcCD59delGPI protein. Lane M: Protein molecular
standard; Lane pGEX4T-2: Total protein was isolated
from the induced pGEX4T-2-BL21; Lane pGEX4T-2
purification: Recombinant GST protein was purified;
Lane purified GST WB: Purified recombinant GST
protein was identified using anti-GST-tag antibody;
Lane pGEX4T-2-EcCD59 Wcl: Total protein was
isolated from whole cell lysis of the induced
pGEX4T-2-EcCD59-BL21; Lane pGEX4T-2-EcCD59
purification: Recombinant pGEX4T-2-EcCD59 pro-
tein was purified; Lane pGEX4T-2-EcCD59 WB:
Purified recombinant pGEX4T-2-EcCD59 protein
was identified using anti-GST-tag antibody; Lane
pGEX4T-2-EcCD59delGPI Wcl: Total protein was
isolated from whole cell lysis of the induced
pGEX4T-2-EcCD59delGPI-BL21; Lane pGEX4T-2-
EcCD59delGPI purification: Recombinant pGEX4T-
2-EcCD59delGPI protein was purified; Lane
pGEX4T-2-EcCD59delGPI WB: Purified recombinant
pGEX4T-2-EcCD59delGPI protein was identified
using anti-GST-tag antibody. (B) Determination of
the binding activity of EcCD59 or EcCD59delGPI to
V. alginolyticus by ELISA assay. The calculated data
(mean ± SD) with different letters were sig-
nificantly different (P < 0.05) among the groups.
The experiment was performed in triplicate.
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of GST, EcCD59 and EcCD59delGPI and then cultured on LB agar
medium for another 8 h incubation. In this study, pretreatment with
2.5 μg or 50.0 μg of GST exerts no inhibitory effect on the growth of V.
alginolyticus by comparing with that of PBS group, while the pre-
incubation with 50.0 μg of EcCD59 or EcCD59delGPI can strongly in-
hibit the growth of V. alginolyticus in vitro.

3.8. Inhibitory effect of EcCD59 or EcCD59delGPI on the growth of V.
alginolyticus in vivo

The mixtures of V. alginolyticus and purified proteins (GST, EcCD59
and EcCD59delGPI) were incubated for 2 h and then was injected in-
traperitoneally. Following 24 h injection, the vibrio dissemination to
kidney and spleen was determined by using qRT-PCR assay. As shown
in Fig. 9A and B, the relative expression of V. alginolyticus gyrB in
kidney and spleen in EcCD59-50 group or EcCD59delGPI-50 group was
significantly lower than that of the control, implying that EcCD59 can
restrict the growth rate of V. alginolyticus and reduce the dissemination
behavior of V. alginolyticus to kidney and spleen in vivo.

4. Discussion

CD59 is a glycoprotein of Ly-6 family containing a conserved motif
“CCXXXXCN”, which can participate in the inhibition of MAC formation
by blocking the incorporation of C9 to C5b-9 assembly [43]. In this
study, a high-level expression of EcCD59 mRNA was observed in
muscle, while the lowest expression level was detected in intestine.
Similarly, a strong expression of muscle CD59 was also detected in
zebrafish [11]. Thus, these results indicated that the expression of
EcCD59 mRNA was tissue-specific, whereas other tissues may also
contribute to its synthesis.

V. alginolyticus, a gram-negative bacteria, can pose a great threat to
the survival of marine fish [30]. Liver, kidney and spleen are playing
important roles in the teleostean immunity [44]. In this study, we

investigated the expression patterns of EcCD59 mRNA in the immune-
related tissues following V. alginolyticus challenge. The up-regulation of
CD59 mRNA was observed in liver, kidney and spleen from 6 h to 36 h
after V. alginolyticus challenge. Similarly, the elevated level of CD59
expression is observed in croaker and Tongue sole following bacterial
challenge or poly(I:C) injection [23,24].

Broadly speaking, subcellular localization is an essential char-
acteristic and tightly linked to its function. Increasing evidences in-
dicate that CD59, a membrane-bound protein, contains a conserved GPI
motif that can determine its localization and direct to membrane tar-
geting [10]. In this study, the green fluorescence signaling was mainly
aggregated in cytoplasm in pEGFP-N3-EcCD59 expression cells, while
the green fluorescence signaling was broadly observed in cytoplasm and

Fig. 8. Determination of antimicrobial activity of EcCD59 or EcCD59delGPI to
V. alginolyticus.(A) Optical density measurement. The calculated data
(mean ± SD) with different letters were significantly different (P < 0.05)
among the groups. The experiment was performed in triplicate. (B) Colony-
forming unit assay. V. alginolyticus was incubated with various concentrations
of GST, EcCD59 or EcCD59delGPI protein, and then was cultured in LB medium
at 37 °C for 8 h, while V. alginolyticus incubated in the absence of GST, EcCD59
or EcCD59delGPI protein was used as control. The experiment was performed
in triplicate.

Fig. 8. (continued)
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nucleus in pEGFP-N3-EcCD59delGPI expression cells, suggesting that
the high-conserved GPI motif can determine the subcellular localization
of EcCD59 in Hela cells, which was similar to that of mammalian CD59.

Further studies on EcCD59 distribution in liver tissue by immuno-
fluorescence assay indicated that EcCD59 may be possibly pre-
dominated in cellular membrane, which was colocalized with red
fluorescence signaling of membrane probe Dil. In addition, ELISA assay
demonstrated that the isolated membrane proteins showed a higher
binding index by comparing to those of nuclear proteins group and
cytoplasmic proteins group. These results demonstrated that EcCD59
should be a cellular membrane protein.

As is well known, activated mammalian complement system can
elicit a regulatory effect on immune defense system within the host
[45], whereas the vicinity of a hydrophobic groove and N-linked gly-
cosylation in mammalian CD59 are active sites, which can disrupt C9
insertion and polymerization, thus preventing the occurrence of com-
plement-dependent lysis and proinflammatory activity [46]. E. coli can
resist the in vivo killing mechanism of complement cascades by directly
binding to human cell membrane-released CD59 [47]. In fish, accu-
mulating evidences demonstrated that the recombinant LycCD59 pro-
tein can exert a species-selective inhibitory activity on complement
cascades and antagonize the complement-dependent erythrocyte lysis
in vitro [23]. However, CD59 may play a complex role in teleostean
immunity following bacterial infection. Previous findings indicated that
recombinant Tongue sole CD59 protein can facilitate invading bacteria
to escape complement-mediated killing mechanism in vitro [24],
whereas both recombinant zebrafish CD59 or OnCD59 proteins can
exhibit a novel function in teleostean immune defense against bacterial
infection, which can not only exhibit a direct binding activity to LPS,
LTA and bacteria, but also restrict bacterial growth in a complement-
independent manner [11,22]. However, the mechanism linking grouper
CD59 to teleostean immunity is still unclear. Thus, we obtained purified
recombinant EcCD59 and EcCD59delGPI protein to investigate its
possible function in immunity. In this study, ELISA assay demonstrated
that both EcCD59 and EcCD59delGPI can directly bind to V. alginoly-
ticus. In addition, the pretreatment with EcCD59 or EcCD59delGPI can
restrict growth of V. alginolyticus in vitro and decrease its dissemination
to kidney and spleen in vivo. Taken together, we predicted that EcCD59
or EcCD59delGPI can restrict growth of V. alginolyticus and inhibit its
invasive behavior in vivo by directly binding to V. alginolyticus, while
loss of GPI domain cannot hamper its inhibitory effect. However, the
molecular mechanism underlying inhibitory effect of EcCD59 may re-
quire further study.

In summary, we firstly cloned and characterized EcCD59 cDNA and
investigated up-regulation of EcCD59 mRNA expression after V. algi-
nolyticus challenge. Both recombinant EcCD59 and EcCD59delGPI
proteins can directly bind to V. alginolyticus in vitro. The administration
of EcCD59 and EcCD59delGPI can restrict growth of V. alginolyticus in
vitro and in vivo. Moreover, GPI domain in EcCD59 plays a key role in
the determining its subcellular localization, whereas loss of GPI domain
cannot restrict its vibrio-binding and vibrio-inhibitory activity. Our
results indicated that EcCD59 may play a regulatory role in immunity in
a complement-independent manner.
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