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ARTICLE INFO ABSTRACT

B cells in fish are proven to be endocytic and have a great contribution to innate immunity like phagocytosis. In
this study, the endocytic capacity and the corresponding internalization pathways of IgM ™ B cells in Japanese
flounder (Paralichthys olivaceus) were investigated. The results showed that IgM™* B cells in peripheral blood
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E“dOCyFOSiS ) leukocytes (PBL) and splenic leukocytes (SL) exhibited different abilities to ingest 0.5 um and 1 pm latex beads
léﬂsggopmocytosw through macropinocytosis-dependent endocytic pathway. Japanese flounder CD22 (PoCD22) co-stimulatory

signals were identified to be essential for the innate immune responses in B cells. Most of IgM* B cells and some
IgM ™ cells were demonstrated to be PoCD22 positive. When PoCD22 was blocked by antibody, the endocytic
activities and reactive oxygen species (ROS) activities of SL IgM™* B cells were significantly increased, while the
endocytic and ROS activities of PBL IgM* B cells were significant decreased. These results collectively suggest
that Japanese flounder IgM* B cells are able to employ macropinocytosis-dependent endocytic pathway, which

B cell regulation

is under the regulation of CD22.

1. Introduction

It is well known that B cells in teleost fish have endocytic capacity,
and they can phagocytose particular antigens and induce phagolyso-
some formation and serial downstream degradative activities [1]. En-
docytic B cells have so far been identified in many fish species, such as
rainbow trout, zebrafish, lumpfish (Cyclopterus lumpus L.), half-smooth
tongue sole (Cynoglossus semilaevis), Atlantic salmon (Salmo salar L.),
Atlantic cod (Gadus morhua L.) and turbot (Scophthalmus maximus)
[1-7]. So far, three types of immunoglobulins (IgM, IgT, and IgD) have
been reported in teleost fish, and IgM, which consists of membrane IgM
(B cell receptor, BCR) or soluble IgM, has been demonstrated as the
most predominant isotype in teleost fish [8,9]. Membrane IgM™* B cells
are the majority B cells in teleost fish as have been demonstrated in
salmon and rainbow trout [1,3].

Several endocytosis pathways, such as clathrin-dependent en-
docytosis, caveolin-dependent endocytosis, macropinocytosis and pha-
gocytosis, have been reported to be involved in the process of parti-
culate antigen internalization [10-13]. For example, human Raji B cells

could ingest non-specific bacteria mainly through the pathway of
macropinocytosis [14]. Similarly, macropinocytosis pathway was also
involved in the internalization of large particles by turbot IgM* B cells
[7]. However, clathrin- and caveolin-dependent pathways, rather than
micropinocytosis, were used in IgM ~ cells to mediate the endocytosis of
large particles [7]. Such specific pathway mediated endocytosis can be
inhibited by related pharmacological compounds. Previous studies
showed that clathrin-dependent endocytosis can be blocked with CPZ
and dynasore; caveolin-dependent endocytosis can be inhibited by M-f3-
CD and nystatin; and macropinocytosis can be down-regulated by IPA-3
and NSC23766 [15]. Thus far, the endocytic pathways and related
regulatory mechanisms involved in the particle internalizing process of
phagocytic B cells in Japanese flounder (Paralichthys olivaceus) are not
fully described yet.

B cell receptor (BCR) and B cell-associated receptors are essential
for B cell activation through specific antigen recognization and signal
transduction [16,17]. CD22, a B cell-associated receptor, can bind to
alpha 2, 6-galactose-linked sialic acids and provide a co-stimulatory
signal for activation of B cell. CD22 has been found to distribute
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throughout the body and play vital roles such as inhibition of BCR
signaling via recruitment of SHP-1 phosphatase, as well as facilitation
of adhesion between B cells and other type of cells [18]. In mammals,
CD22 has been demonstrated as a negative regulator for antigen re-
ceptor signaling, and its onset of expression in mature B cells may serve
to raise the threshold of antigen concentration required for B cell ac-
tivation [19]. However, a positive signaling role for CD22 has also been
observed for stimulating human B cell proliferation in the presence of
antigen [20]. In our previous study, tongue sole CD22 was found to play
an inhibitory role in peripheral blood leukocytes (PBL) activation [21],
however, its potential effect on the activation of B cells remains to be
investigated.

In the present study, we investigated the endocytic activity and
pathway of IgM ™ B cells, as well as the regulating function of CD22 in B
cell activation in Japanese flounder (Paralichthys olivaceus). Our results
indicated that IgM* B cells, in both PBL and splenic leukocytes (SL),
employed micropinocytosis-pathway to mediate the endocytosis of
large particles in Japanese flounder, and CD22 showed different effects
on the activation of IgM™* B cells in PBL and SL.

2. Materials and methods
2.1. Fish

Japanese flounder (Paralichthys olivaceus), average 22 cm in length
and 600g in weight, were obtained from a commercial fish farm in
Shandong Province, China and maintained at 19-20 °C in aerated sea-
water. Before experiment, fish were acclimatized to laboratory condi-
tions for two weeks and confirmed to be absent of specific bacterial
pathogens as previously described [21].

2.2. Leukocyte isolation

PBL preparation was performed based on previous report [22].
Blood was collected from the caudal vein of Japanese flounder after the
fish were euthanized by being immersed in tricaine methanesulfonate
solution (Sigma-Aldrich, St. Louis, USA) at the dose of 0.1 g/L in ster-
ilized seawater. Blood was diluted immediately 1:4 with L-15 culture
medium (Jinuo, Hangzhou, China) supplemented with 10 units/mL
heparin (Solarbio, Beijing, China). Spleen was then collected and placed
into a 50 mL test tube containing 30 mL of L-15 culture medium. The
tissue was processed by being passed through a 100 um nylon Falcon
cell strainer (BD Falcon, Lexington, KY, USA). All cell suspensions were
placed onto a 35/58% discontinuous Percoll (GE Healthcare) density
gradients and centrifuged at 400 X g for 30 min. The PBL or SL from the
interface layer were collected and washed twice with L-15 medium
respectively (Gibco, Carlsbad, USA), and then re-suspended in L-15
culture medium containing 4% calf serum (Gibco, Carlsbad, USA), 100
U/mL penicillin (Solarbio, Beijing, China), 100 pg/mL streptomycin
(Solarbio, Beijing, China), and 10 units/mL heparin.

2.3. Phagocytosis assay by flow cytometry

The phagocytic capability of Japanese flounder PBL and SL was
evaluated as previously described [1]. Briefly, PBL or SL (1 X 10° cells/
mL) were incubated with yellow green microsphere beads (Poly-
sciences, Warrington, PA, USA, Fluoresbrite R Yellow Green, A,
445 nm; Aem, 500nm) of 0.5um or 1um in diameter at a cell/beads
ratio of 1/10 for 4hat 20 °C respectively. Non-ingested beads were
removed by centrifuging (100 X g for 10 min at 4 °C) the cell suspension
over a cushion of 3% BSA (Aikerbo, Qingdao, China) in PBS supple-
mented with 4.5% p-glucose (Sigma-Aldrich, St. Louis, USA). Then the
phagocytic cells were resuspended in L-15 culture medium and in-
cubated with 5pg/mL mouse-anti-Japanese flounder IgM monoclonal
antibody (mAb) (Aquatic Diagnostics Ltd, Stirling, Scotland) for 1 h at
20 °C, followed by staining with Phycoerythrin (PE)-conjugated goat
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anti-mouse IgG (Thermo Fisher Scientific, MA, USA) for 1hat 20 °C.
After washing, the phagocytosis of PBL or SL cells were determined by a
FACScan flow cytometer (BD Biosciences, USA), and following data
analysis by FlowJo.

2.4. Effect of endocytosis inhibitors on leukocyte uptake of microspheres

Microsphere uptake was performed as reported previously [7]. PBL
or SL (1 x 10° cells/mL) were pretreated with various inhibitors, i.e.,
20 uM chlorpromazine (CPZ) (Selleck, USA), 15 uM dynasore (Selleck,
USA), 1 mM methy-B-clodextrin (M-3-CD) (Sigma-Aldrich, St. Louis,
USA), 100 uM nystatin (Selleck, USA), 40 uM IPA-3 (Selleck, USA),
100 uM NSC23766 (Selleck, USA), in L-15 medium for 2 h at 20 °C, re-
spectively. The pre-treated PBL or SL were then incubated with mi-
crospheres (size 0.5um or 1pum) for 4h or 2hat 20°C. After being
washed three times with PBS, the PBL or SL were fixed with 4% par-
aformaldehyde. After staining with anti-Japanese flounder IgM mAb
and PE-conjugated second antibody as described above, the cells were
then subjected to FACScan analysis.

2.5. Sequence analysis

The mRNA sequence (GenBank accession no. XM_020091019.1) and
amino acid sequence (GenBank accession no. XP_008321463.1) of
PoCD22 was analyzed using the BLAST program at the National Center
for Biotechnology Information (NCBI, http://blast.ncbi.nlm.nih.gov/
Blast.cgi). Domain search was performed with the conserved domain
search program of NCBI. The theoretical molecular mass and isoelectric
point were predicted by using online analysis tool ExPASy (https://
web.expasy.org/compute_pi/). Sequence alignment was created with
DNAMAN. Phylogenetic analysis was performed with the neighbor-
joining algorithm of MEGA 6.0.

2.6. Purification of recombinant protein and preparation of antibody

To construct pETPoCD22, which expresses the extracellular region
of PoCD22 (residues 52 to 899), the coding sequence of this region was
amplified by PCR with primers F1 (5-GATATCGGAGATTGGAGCGTG
ACCTTT-3’, underlined sequence, EcoRV site) and R1 (5-GATATCCGT
CTGGCTGCCGTGG-3’, underlined sequence, EcoRV site) and cDNA of
spleen was used as the template; the PCR products were ligated with the
TA cloning vector T-Simple (TransGen Biotech, Beijing, China), and the
recombinant plasmid was digested with EcoRV to retrieve the PoCD22-
containing fragment, which was inserted into pET32a (Novagen, San
Diego, USA) at the EcoRV site. rPoCD22 as a fusion protein with the
TRX derived from pET32a was purified as described previously [23].
Briefly, Escherichia coli BL21 (DE3) (TransGen Biotech, Beijing, China)
was transformed separately with pETPoCD22 and pET32a (Novagen,
San Diego, USA), which expressing TRX; the transformants were cul-
tured in LB medium at 37 °C to mid-logarithmic phase, and isopropyl-f-
p-thiogalactopyranoside (IPTG) was added to the culture to a final
concentration of 0.1 mM. After growing at 16 °C for an additional 16 h,
the cells were harvested by centrifugation, and His-tagged recombinant
PoCD22 (rPoCD22) and rTRX was purified using NiNTA Agarose
(QIAGEN, Valencia, USA) following the manufacturer's instruction. The
rPoCD22 and rTRX proteins were dialyzed against 1 x PBS (pH 8.0) and
then concentrated with PEG20000 (Sigma -Aldrich, St. Louis, USA). The
concentrated protein was analyzed in 12% sodium dodecyl sulfate-
polyacrylamide gel electrophoresis (SDS-PAGE) and stained with Coo-
massie Brilliant Blue R-250 (Fig. S2). The concentration of the purified
protein was determined using the Bradford method with bovine serum
albumin (BSA) as a standard. Rat anti-rPoCD22 and anti-rTRX anti-
serum were generated as reported previously [24]. The specificity of
the antiserum was confirmed by Western blot analysis as reported
previously [25].
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Fig. 1. Flow cytometry analysis. (A) Peripheral blood leukocytes (PBL) and splenic leukocytes (SL) were incubated with 0.5 pm or 1 um beads and treated with IgM
specific antibodies. (B) Uptake rate of 0.5 um and 1 um beads by IgM™* cells in PBL and SL. Data are representatives of three independent experiments.
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Fig. 2. Effect of endocytic pathway inhibitors on the uptake of 0.5 um and 1 pm beads by IgM™* and IgM ™ cells in peripheral blood leukocytes (PBL). A. Endocytic
rate of IgM™* cells and IgM ~ cells for 0.5 um beads in the presence of inhibitors (CPZ, dynasore, M-B-CD, nystatin, IPA-3, and NSC23766). B. Endocytic rate of IgM*
cells and IgM ™ cells for 1 um beads in the presence of inhibitors. Data are obtained from three independent experiments. ", P < 0.05; *, P < 0.01.

2.7. Immunofluorescence and flow cytometry

Five hundred microliters of PBL or SL suspension (10° cells/mL) was
added to confocal dishes (35 mm) and incubated for 2hat 20 °C. The
cells were then fixed with 4% paraformaldehyde (Solarbio, Beijing,
China) and blocked with 3% BSA for 30 min. After treating with 5pug/
mL mouse-anti-Japanese flounder IgM mAb and Alexa Fluor 594 la-
beled-goat anti-mouse IgG (Abcam, Shanghai) for 1 h at 20 °C, the cells
were washed three times with PBS and then treated with anti-rCsCD22
antiserum (1:1000 dilution in 3% BSA in PBS) and Alexa Fluor 488
labeled-goat anti-rat IgG (Abcam, Shanghai). The cells were stained
with 4’, 6-diamidino-2-phenylindole (DAPI, 10pug/mL) (Solarbio,
Beijing, China) for 10 minat 20°C and then subjected to confocal

microscope examination (Zesis LSM710, Germany).

For flow cytometric analysis, PBL and SL were incubated with
mouse anti-Japanese flounder IgM mAb and PE-conjugated goat anti-
mouse IgG as described above. Then the cells were stained with rat anti-
rPoCD22 antiserum (1:1000 dilution in 3% BSA in PBS) at 37 °C for 1 h.
After three washes with PBS, the cells were stained with FITC-labeled
goat-anti-rat secondary antibody at 37 °C for 1h and then were sub-
jected to flow cytometric analysis.

2.8. Effect of rPoCD22 antiserum on phagocytic activity

PBL and SL were incubated with rat anti-rPoCD22 antiserum (1:500
dilution), rat anti-rTRX antiserum (1:500 dilution) or PBS at 22 C for
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Fig. 3. Effect of endocytic pathway inhibitors on the uptake of 0.5 ym and 1 um beads by IgM™* cells and IgM ~ cells in SL. A. Endocytic rates of IgM " cells and IgM ~
cells for 0.5 pm beads in the presence of inhibitors (CPZ, dynasore, M-B-CD, nystatin, IPA-3, and NSC23766). B. Endocytic rates of IgM™* cells and IgM ™ cells for 1 um
beads in the presence of inhibitors. Data are obtained from three independent experiments. , P < 0.05; ", P < 0.01.

2h, respectively. The cells were washed and resuspended in L-15
medium to 1 x 107 cells/ml. Vibrio harveyi was cultured in LB medium
to an ODggp of 0.8, and labelled with FITC (100 mg/mL FITC dissolved
in dimethylsulfoxide). PBL and SL (1 x 107 cells/mL) were then in-
cubated with 1 x 108 CFU/mL FITC-labeled V. harveyi in the dark at
28 °C for 2h. The cells were collected by centrifugation, washed five
times in PBS, and resuspended in L-15 medium to 1 x 10° cells/mL.
After fixation with 4% paraformaldehyde, the cells were stained firstly
with mouse anti-Japanese flounder IgM mAb and then with PE-con-
jugated second antibody as described above, and then subjected to
FACScan analysis.

142

2.9. Cell sorting and effect of rPoCD22 antiserum on cellular ROS activity

Japanese flounder PBL and SL were separately incubated with
mouse anti-Japanese flounder IgM mAb and PE-conjugated goat anti-
mouse IgG as above. Then IgM* B cells were sorted out by using
FACScan flow cytometer (BD Biosciences) sorting system and collected
in tubes containing L-15 medium, 4% calf serum and 100 U/mL peni-
cillin (Solarbio, Beijing, China), 100 ug/mL streptomycin.

The ROS levels in sorted IgM™ B cells were measured with a 2,7-
dichlorofluorescin diacetate (DCFH-DA) cellular ROS assay kit
(Beyotime, Beijing, China) according to the manufacture's instruction.
Briefly, sorted IgM* B cells (10° cells/mL) were incubated with rat anti-
rPoCD22 antiserum (1:500 dilution), rat anti-rTRX antiserum (1:500
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Fig. 4. ¢cDNA and amino acid sequences of PoCD22. The start and stop codons are underlined with dotted line. Signal peptides and transmembrane hydrophobic
regions are underlined with double and single line, respectively. The asterisk indicates peptide ending. The Immunoglobulin domain (Ig domain) and
Immunoglobulin C2 type domain (Igc2 domain) are indicated by arrows; the immunoreceptor tyrosine-based inhibitory motifs (ITIMs) and conserved tyrosine

residues are indicated by black box and circles, respectively.

dilution) or PBS (control) at 22 C for 2 h, followed by incubation with
1 x 10”7 CFU/mL V. harveyi in the dark at 22 'C for 2 h. After incubation,
cells were stained with DCFH-DA for 1hat 17°C in the dark. The
fluorescence intensity of the cells was analyzed by FACScan flow cyt-
ometer. Relative ROS activity was calculated as percentage of the value
for antiserum incubation group/control group.

2.10. Statistical analysis

All experiments were performed at least three times, and statistical
analyses were carried out with SPSS 17.0 software (SPSS Inc., Chicago,
IL, USA). Data were analyzed with analysis of variance (ANOVA), and
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statistical significance was defined as P < 0.05.

3. Results
3.1. Endocytic efficiency of Japanese flounder IgM™* B cells

In Japanese flounder, approximately 13-18% of PBL and 24-27% of
SL were IgM* cells. After incubation with fluorescent beads of different
sizes, IgM* B cells were able to ingest the beads and the endocytic
efficiencies were size-dependent (Fig. 1). In PBL, 23.24 + 3.20% of
IgM™ B cells ingested 0.5um beads, and 14.62 = 2.25% of IgM™* B
cells ingested 1um beads; in SL, 24.92 + 2.20% of IgM* B cells
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ingested 0.5um beads, and 7.43 * 0.57% of IgM™ B cells ingested
1 um beads (Fig. 1B).

3.2. Effects of endocytic inhibitors

The endocytic pathways are mediated by various mechanisms and
can be blocked with specific inhibitors. As shown by FACS analysis, the
endocytic rate of PBL IgM™ B cells for 0.5um beads decreased sig-
nificantly (P < 0.01) in the presence of IPA-3 and NSC23766, the in-
hibitors of macropinocytosis, but not in the presence of CPZ, dynasore,
M-3-CD, or nystatin, the inhibitors of clathrin and calveolin (Fig. 2A).
Whereas, the uptake activity of PBL IgM~ cells was significantly
(P < 0.01) reduced in the presence of dynasore, M-3-CD, nystatin, IPA-
3 and NSC23766, but not affected in the presence of CPZ (Fig. 2A).
However, for 1 um beads, the endocytic rate of PBL IgM ™ B cells was
significantly (P < 0.05) reduced in the presence of IPA-3, NSC23766,
but not in the presence of CPZ, dynasore, M-f3-CD, or nystatin (Fig. 2B).
The uptake ability of PBL IgM ™ cells was significantly (P < 0.01) re-
duced in the presence of CPZ, dynasore, IPA-3 and NSC23766, but not
in the presence of M-3-CD or nystatin (Fig. 2B).

Similarly, the endocytic rate of SL IgM* B cells for 0.5um beads
decreased significantly (P < 0.05) in the presence of IPA-3 and
NSC23766, but not in the presence of CPZ, dynasore, M-3-CD, or nys-
tatin (Fig. 3A). The uptake activity of SL IgM ™~ cells for 0.5 um beads
was significantly (P < 0.05) reduced in the presence of CPZ, dynasore,
IPA-3 and NSC23766, but was not affected in the presence of M-3-CD
and nystatin (Fig. 3A). The endocytic rate of SL IgM™ cells for 1 pm
beads was significantly (P < 0.01) reduced in the presence of IPA-3,
NSC23766, but not in the presence of CPZ, dynasore, M-3-CD, or nys-
tatin (Fig. 3A). The uptake of 1 um beads by SL IgM ™~ cells was sig-
nificantly (P < 0.01) reduced in the presence of CPZ, dynasore, IPA-3
and NSC23766, but not affected in the presence of M-B-CD or nystatin
(Fig. 3B).

3.3. Sequence features of PoCD22

PoCD22 is composed of 424 amino acid residues with a calculated
molecular mass of 46.62kDa. Similar to mammalian CD22, PoCD22
contains two Ig domains (residues 24-125 and 131-198) and one Ig C2
(Igc2) type domain (residues 214-279). PoCD22 was predicted to be a
transmembrane protein with a signal peptide (residues 1-17), a large N-
terminal extracellular region (residues 1-299), a transmembrane region
(residues 300-322), and an intracellular region (residues 323-424)
(Fig. 4). Three tyrosines are present in the cytoplasmic tail, two of
which being located in the conserved immunoreceptor tyrosine-based
inhibitory motifs (ITIMs) (Fig. 4). Phylogenetic analysis showed that
PoCD209 and the CD22 of Synoglossus semilaevis formed a cluster,
which was separated from the groups formed by the CD22 of other
teleost and mammals (Fig. S2).

3.4. Distribution of PoCD22 protein in PBL and SL

FAGS analysis detected PoCD22 protein expression in IgM™* and
IgM ™ cells in Japanese flounder PBL and SL (Fig. 5A). Approximately
47% of PBL and 46% of SL were CD22 positive. In PBL, 76.31 *= 4.43%
IgM* B cells were CD22 positive, whereas only 43.35 + 7.90% of
IgM~ cells were CD22 positive; in SL, 78.72 + 4.67% of IgM™ cells
were CD22 positive, and 36.93 = 3.31% of IgM™~ cells were CD22
positive (Fig. 5A).

After staining with rat anti-rPoCD22 antiserum, the localization of
CD22 can be observed under the immunofluorescence microscopy on
the surface of nearly all the IgM ™" cells and part of IgM ™~ cells from both
PBL and SL (Fig. 5B).
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3.5. Effect of anti-rPoCD22 antiserum on the endocytic activity of PBL and
SL against infecting bacteria

Comparison between PBL infected with V. harveyi in the presence
and absence of anti-rPoCD22 antiserum showed that the endocytic ac-
tivity of PBL IgM™ B cells for the bacterial cells was significantly
(P < 0.01) decreased in the presence of anti-rPoCD22 antiserum, while
the endocytic activity of PBL IgM ™~ cells was significantly (P < 0.01)
increased in the presence of anti-rPoCD22 antiserum (Fig. 6A and C). In
contrast, the endocytic activity of V. harveyi-infected SL IgM* cells was
significantly (P < 0.05) increased in the presence of anti-rPoCD22
antiserum, while the endocytic activity of V. harveyi-infected SL IgM ™
cells showed no significant change in the presence of anti-rPoCD22
antiserum (Fig. 6B and D).

3.6. Effects of anti-rPoCD22 antiserum on the ROS activity of PBL and SL
during bacterial infection

To examine the ROS activities in PBL and SL during V. harveyi in-
fection in the presence and absence of anti-rPoCD22 antiserum, FACS
analysis was performed, which showed that the ROS activities were
significantly (P < 0.05) decreased in PBL IgM " cells treated with anti-
rPoCD22 antiserum in comparison to that of the PBL IgM ™ cells treated
with anti-rTRX antiserum or PBS, while the ROS activities of PBL IgM ™~
cells exhibited no significant change in the presence of anti-rPoCD22
antiserum (Fig. 7A). In SL, the ROS activities were significantly
(P < 0.01) increased in IgM™ cells in the presence of anti-rPoCD22
antiserum compared to control groups treated by anti-rTRX antiserum
or PBS, whereas the ROS activities in SL IgM ™~ cells were significantly
(P < 0.01) decreased (Fig. 7B).

4. Discussion

Endocytic capacities of fish B cells have been observed in rainbow
trout, Atlantic salmon, Atlantic cod, lumpfish, half-smooth tongue sole
and turbot [1-3,5,7]. Similarly, in the present study, flow cytometry
analysis revealed that IgM* B cells of Japanese flounder exhibited
apparent capacity to uptake latex beads. The percentage of IgM™* B cells
and the endocytic activity for 0.5 um in PBL and SL was similar, how-
ever, the endocytic activity of IgM ™ B cells for 1 um in SL was lower in
comparison to PBL IgM™ B cells. For both PBL IgM™ B cells and SL
IgM™ B cells, the endocytic efficiency dropped with the increasing of
the size of the beads. These results indicated that IgM™ B cells in PBL
and SL showed different endocytic efficiency for different size particles,
which suggest that PBL IgM* B cells and SL IgM™* B cells might play
different roles when they interact with different foreign particles. It is
well known that spleen is the place for B cell differentiation and ma-
turation, while peripheral blood contains effector lymphocytes. Our
current observation about the endocytic difference of IgM* B cells in
PBL and SL properly exhibited the immune difference between these
tissues. Therefore, the effects of differentiation and maturation status of
B cells on the endocytic activity and the related immune functions need
to be further investigated.

It is well known that matured mammalian B cells could bind specific
antigen through a unique and restricted BCR and internalize ligand-
receptor complexes via a clathrin-dependent pathway [26,27]. How-
ever, Raji B cells (derived from Burkitt lymphoma) engulfed non-spe-
cific bacteria through micropinocytosis [14]. Our previous study de-
monstrated that the internalization of large particles by turbot PBL
IgM™ B cells relies on micropinocytosis-dependent pathway and can be
inhibited by macropinocytic inhibitors [14]. In the present study, a
number of pharmacological inhibitors related to clathrin-mediated en-
docytosis, caveolin-mediated endocytosis and macropinocytosis were
investigated. Our results showed that the uptake of 0.5um and 1 ym
beads by PBL and SL IgM* B cells were significantly decreased in the
presence of IPA-3 and NSC23766 (macropinocytosis inhibitors).
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Fig. 5. PoCD22 protein expression in IgM* cells and IgM ™ cells. A. FACS analysis of the percentage of PoCD22* cells in IgM* B cells and IgM ™ cells from peripheral
blood leukocytes (PBL) or spleen leukocytes (SL). PBL and SL were treated with anti-rPoCD22 antibody and subjected to flow cytometry. B. Confocal microscopy of
PoCD22 ™ cells in IgM* B cells and IgM ~ cells from PBL and SL. The cells were stained with DAPI and subjected to confocal microscopy. d, a merged image of a, b and
c; h, a merged image of e, f and g. White arrows indicate IgM " CD22 ™ cells. Yellow arrows indicate IgM ~CD22 " cells. Magnified views of the box regions of Fig. 5B d
and Fig. 5B h are shown. Scale bar, 10 um. Data are obtained from three independent experiments. (For interpretation of the references to colour in this figure legend,

the reader is referred to the Web version of this article.)

However, for PBL IgM ™~ cells, the uptake activity for 0.5 um beads was
significantly reduced in the presence of dynasore, M-3-CD, nystatin,
IPA-3 and NSC23766, and the uptake activity for 1 um beads was sig-
nificantly reduced in the presence of CPZ, dynasore, IPA-3 and
NSC23766. For SL IgM™ cells, the uptake activities for both 0.5 pm
beads and 1pum beads were significantly reduced in the presence of
CPZ, dynasore, IPA-3 and NSC23766. These observations indicated that
micropinocytosis-dependent pathway was involved in the internaliza-
tion of large particles by IgM* B cells derived from both PBL and SL of
Japanese flounder.

In mammalian CD22, ITIM is one of the key motifs that functions for
recruiting the potent phosphotyrosine and phosphoinositide phospha-
tases SHP-1 and SHIP [28-31]. Five Ig domains has been described in
CD22 and three of the six tyrosine residues in cytoplasmic region are

identified within ITIMs [32,33]. In our study, we found that the de-
duced amino acid sequence of PoCD22 contains two Ig domains and one
Igc2 domain, which is consistent with the observations in other fish and
mammalian CD22. However, in the cytoplasmic region of PoCD22, only
three conserved tyrosine residues were detected, and two of them was
found within ITIMs. These structural characteristics indicate that
PoCD22 is a member of the CD22 family but differs distinctly from
mammalian CD22.

Mammalian CD22 is a B cell-specific costimulatary molecule and
widely distributed on the surface of mature B cells [30]. In fish, our
previous study showed that tongue sole CD22 was localized on the
surface of a small proportion of PBL assumed morphologically to be
lymphocytes [21]. In the present study, we found that a majority of
Japanese flounder IgM* B cells were PoCD22 positive, and some IgM ~
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PBS (control), anti-rTRX antiserum or anti-rPoCD22 antiserum. Data are representatives of three independent experiments. ", P < 0.05; , P < 0.01.

cells also expressed PoCD22 protein, suggesting that different subsets of
B cells may exist in Japanese flounder, which will be investigated in
future studies.

In mammals, CD22 is known to play an essential inhibitory role in B
cell survival and signal transduction, and prevents overactivation of
immune responses [29,30]. Nevertheless, positive regulation of CD22
has also been observed in human B cells [20]. In fish, tongue sole CD22
was reported to exhibit an inhibitory effect on the phagocytosis of PBL
[21]. However, the role of CD22 in fish B cell activation remains un-
clear. In the present study, we found that the endocytic activity of PBL
IgM* B cells against V. harveyi was significantly reduced in the
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presence of anti-rPoCD22 antibody, whereas the endocytic SL IgM™* B
cells was significantly increased in the presence of anti-rPoCD22 anti-
body; similar alterations in the ROS activities of PBL IgM™ B cells and
SL IgM™ B cells by anti-rPoCD22 antibody were also observed. The
results indicate that PoCD22 likely exerts different roles in PBL and SL
IgM™ B cell activity, which suggests that IgM* B cells in fish may have
different missions during microbial infection.

In conclusion, we demonstrated for the first time that the particle
uptake ability of Japanese flounder IgM ™" B cells varies in PBL and SL,
but PBL IgM™ B cells and SL IgM™* B cells share the same endocytic
pathway, macropinocytosis. The costimulatory molecule CD22 is
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Fig. 7. Effects of anti-rPoCD22 antiserum on ROS activities of the IgM* and IgM~ cells of Japanese flounder peripheral blood leukocytes (PBL) and splenic
leukocytes (SL). A. IgM™ and IgM ~ cells were sorted by FACS from PBL and incubated with PBS (control), anti-TRX antiserum or anti-rPoCD22 antiserum for 1 h.
Then the cells were incubated with Vibrio harveyi for 1 h and stained with 2,7-dichlorofluorescin diacetate for 30 min. The fluorescence intensity of the cells was read
using flow cytometry and the relative ROS activity was calculated. B. IgM* and IgM ™ cells were sorted by FACS from SL and treated as above. For both A and B, the
ROS of control group was set as 100%. Data are representatives of three independent experiments. ", P < 0.05; , P < 0.01.

expressed widely on nearly all IgM ™" B cells and exerts different effects
on the bacteria-uptake activity of PBL IgM ™" B cells and SL IgM™* B cells.
These results provide new insights into the endocytosis mechanism and
activation regulation of B cells in teleost fish.
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