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Immunoglobulin (Ig) M is an important immune effector that protects

organisms from a wide variety of pathogens. However, little is known about

the immune response of gut mucosal IgM during bacterial invasion. Here, we

generated polyclonal antibodies against common carp IgM and developed a

model of carp infection with Aeromonas hydrophila via intraperitoneal

injection. Our findings indicated that both innate and adaptive immune

responses were effectively elicited after A. hydrophila infection. Upon

bacterial infection, IgM+ B cells were strongly induced in the gut and head

kidney, and bacteria-specific IgM responses were detected in high levels both

in the gut mucus and serum. Moreover, our results suggested that IgM

responses may vary in different infection strategies. Overall, our findings

revealed that the infected common carp exhibited high resistance to this

representative enteropathogenic bacterium upon reinfection, suggesting that

IgM plays a key role in the defense mechanisms of the gut against bacterial

invasion. Significantly, the second injection of A. hydrophila induces strong

local mucosal immunity in the gut, which is essential for protection against

intestinal pathogens, providing reasonable insights for vaccine preparation.
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Introduction

Teleost fish are an important link in vertebrate evolution and

an indispensable component of comparative immunology,

which has both innate and adaptive immune systems (1). The

adaptive immune system responds to a multitude of antigens

and pathogenic microorganisms by producing specific

immunoglobulins (Igs), which are more commonly known as

antibodies. Igs secreted by B lymphocytes, an important immune

effector, play a vital role in protecting fish against various

pathogens (2). Igs come in two physical forms: the membrane-

bound form located on the surface of B cells (i.e., B cell receptors

[BCRs]) and the soluble form secreted by plasma cells (i.e.,

antibodies) (3). The main functions of BCRs, as antigen-bound

receptors, are to bind, internalize, and target antigens and to

present the antigenic peptide to helper T cells (4). The soluble

form of Igs plays an important role in recognizing and binding

to antigens to conduct various immune effector defensive

processes, including antigen neutralization, complement

activation, monocyte opsonization, and antibody-dependent

cell-mediated cytotoxicity (ADCC) (5, 6).

Igs occur in vertebrates from cartilaginous fish to mammals

(7). Five classes of Igs (i.e., IgM, IgD, IgG, IgA, and IgE) have

been recognized in mammals. In contrast, only three Ig isotypes

(i.e., IgM, IgD, and IgT) have been reported in teleost fish (8).

IgM is the earliest identified Ig isotype, which exists

predominantly as tetramers in serum and mucus (9, 10).

Previous studies have shown that IgM concentrations are far

higher compared to IgD or IgT in both systemic tissues and

mucosal tissues of teleost fish (11, 12). Importantly, IgM has also

known to involved in both systemic and mucosal immunity (13,

14). Furthermore, the membrane-bound IgM+ B lymphocytes of

teleost fish are important subsets of B cells involved in innate

and adaptive immune responses (15). Although IgD is the

second Ig isotype discovered in teleost fish, its exact function

is yet to be elucidated (16). A previous study demonstrated that

IgD may enhance mucosal homeostasis (17). IgT, a recently

identified member of the Ig family, is functionally equivalent to

the IgA of mammals and is mainly involved in mucosal

immunity (18). In addition, many antibodies against IgM have

been developed in several teleost fish in recent years, which has

greatly contributed to the development of fish Ig research (19–

25). Although the IgM heavy chain gene of common carp

(Cyprinus carpio) has been cloned (26), studies on IgM

function are still lacking, especially in terms of the mucosal

response to bacterial infection.

Common carp is among the major freshwater economic

species worldwide, especially in China, with a total production

of 2.8 million tons in 2021, exceeding one-tenth of the nation’s

freshwater fish breeding production (27). Bacterial diseases such

asAeromonas hydrophila, Aeromonas veronii, and Flavobacterium

columnare are important factors affecting the health and
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development of the current carp cultivation industry (28–30). A.

hydrophila is a very common bacteria in aquatic environments

worldwide (31). This opportunistic zoonotic bacterium can cause

hemorrhagic septicemia, abdominal dropsy, and skin ulceration,

and is considered the most devastating pathogen of Cyprinoid fish

(28, 32). Previous studies have demonstrated that A. hydrophila

induces intestinal inflammation in zebrafish and grass carp (33,

34). Moreover, the IgM expression in the intestine of rainbow

trout was significantly increased after infection with Streptococcus

iniae (35). However, the immune response and function of IgM

against A. hydrophila infection in the common carp intestine

remains largely unexplored.

To fill the aforementioned knowledge gaps, here we

prepared polyclonal antibodies against the common carp IgM.

Afterward, we developed a model of common carp infection

with A. hydrophila via intraperitoneal injection. In this study, we

found that A. hydrophila infection elicited a strong immune

response and histopathologic changes in the gut. Notably,

bacterial infection induced increases in IgM+ B cells and A.

hydrophila-specific IgM titers in mucosal and systemic

immunity. More importantly, our results demonstrated that

common carp that were reinfected with A. hydrophila

recovered faster from the pathological changes in their gut.

Furthermore, A. hydrophila-specific IgM titers and survival

rates were also higher in the reinfected carp. Therefore, the

results in this paper provide crucial insights into the role of IgM

in bacterial enteritis of teleost fish.
Materials and methods

Development of polyclonal antibody
against common carp IgM

Completed IgM heavy chains of common carp cDNA

sequences were obtained from NCBI (GenBank accession no.

MH352354.1) and were synthesized artificially. We predicted the

functional domains through the IMGT tool (http://www.imgt.org/

3Dstructure-DB/cgi/DomainGapAlign.cgi). The heavy chain

constant domains (CH2-CH4, 993bp) were amplified with

primers F/R (F:5’-CGCGGATCCGATGTTCGCGCAACCGTT-

3’ R:5’-CCGCTGGAGTTACGGTTTACAAAACGCCGG-3’)

and 2×Taq Master Mix (Vazyme, China). The PCR products

were purified using the FastPure® Gel DNA Extraction Mini Kit

(Vazyme, China), digested with restriction enzymes BamH I and

Xho I (Takara, Japan), and ligated to the pET-32a vector. Then the

constructed plasmid was transformed into Escherichia coli BL21

(DE3) (Vazyme, China), inoculated on Luria-Bertani (LB) solid

medium, and cultured at 37°C overnight. The expression and

purification of recombinant IgM protein (rIgM) expression were

performed by referring to the previous method ofWang et al. with

minor modifications (36). Positive clones on the plates were then
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http://www.imgt.org/3Dstructure-DB/cgi/DomainGapAlign.cgi
http://www.imgt.org/3Dstructure-DB/cgi/DomainGapAlign.cgi
https://doi.org/10.3389/fimmu.2022.1037517
https://www.frontiersin.org/journals/immunology
https://www.frontiersin.org


Mu et al. 10.3389/fimmu.2022.1037517
selected and inoculated in a 500 ml LB liquid medium (with 100

mg/ml ampicillin), then cultured at 37°C with shaking at 220 rpm.

When the medium reached approximately 0.6 at OD600nm,

isopropyl-b-d-thiogalactopyranoside (IPTG; Roche, Switzerland)
was added at a final concentration of 1 mM and incubated at 28°C

for 3.5 h. The rIgM was purified according to the manufacturer’s

instructions by a nickel-nitrilotriacetic acid column (Ni-NTA;

Qiagen, Germany). 400 mg purified rIgM and Freund’s Complete

Adjuvant (FCA; Sigma, USA) were fully mixed in equal

proportions and then used for injection immunization of

Japanese white rabbits (2-3 months old). The rabbits were

booster-immunized with 150 mg of purified rIgM mixed with

Freund’s Incomplete Adjuvant (FIA; Sigma, USA) four times.

After immunization, blood was collected from rabbits, and IgG

was purified from rabbit serum with protein A agarose (Thermo

Fisher Scientific, USA). Then we purified the obtained rabbit IgG

by affinity chromatography to obtain the anti-carp IgM antibody.

Briefly, the affinity column was prepared by coupling rIgM to

CNBr-activated Sepharose 4B according to the manufacturer’s

instructions (GE Healthcare, USA). For isolation anti-carp IgM

pAb, the purified rabbit IgG sample was applied to the column

equilibrated in 1× phosphate buffered saline (PBS, pH 7.2). Then

incubate in the shaker for 2 h. After several washes of affinity

column with PBS, bound IgM were eluted with 0.1 M glycine (pH

2.5), and immediately neutralized with 1 M Tris (pH 9.0). The

neutralized antibody was displaced into PBS using a PD-10

Desalting Columns (GE Healthcare, USA) according to the

manufacturer’s instructions and stored at -80°C. The specificity

of the polyclonal antibody against common carp IgMwas detected

by western blot and immunofluorescence.
Fish maintenance

The 10-15 g common carp used for this experiment were

obtained from a fish farm in Chongqing, China, and placed in an

aquarium containing a recirculating aquaculture system. Fish

were fed with 153 commercial fish floating feed pellets (Tongwei

Group, China) twice per day and acclimated at 28°C for at least 2

weeks. The feeding was terminated 48 h before injection and

sampling. Animal procedures were approved by the Animal

Experiment Committee of Institute of Hydrobiology, Chinese

Academy of Sciences and carried out according to the

relative guidelines.
A. hydrophila strain and challenge test

A. hydrophila strain AH1 was obtained from the Laboratory

of Aquatic Animal Medicine of the College of Fisheries at

Huazhong Agricultural University (Hubei, China). The AH1

strain was streaked consecutively on LB solid medium and

cultured at 28°C for 24 hours. Then, single colonies were
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28°C for 12 h with 200rpm shaking. A. hydrophila suspension

was centrifuged at 5000 g for 10 min, bacteria were resuspended

with PBS and the concentration was adjusted to 1.6 × 107 CFU/

ml for challenge use. We designed two types of challenge

experiments. The first was an infection of common carp by

intraperitoneal injection with 100 ml of A. hydrophila (1.6 × 107

CFU/ml), tissues (foregut, midgut, hindgut, spleen, and head

kidney) from at least six fish were collected at 0.5, 1, 2, 4, 7, 14, 28

days post-infection (DPI), respectively, and fluids (serum and

gut mucus) were taken on 28 DPI (Figure 2A). For the second

type of challenge, a second intraperitoneal injection was

performed with the same dose of A. hydrophila on day 28

after the first infection. Tissues, serum, and gut mucus were

collected at 28 (28 DPI surviving group, [28DPI-S], before the

second challenge) and 35 (35 DPI surviving group, [35DPI-S])

days post-primary infection. As the control group, the fish were

injected with 100 ml of PBS. Tissue samples were used to evaluate

morphological change and measure the expression of the

immune-related genes, and serum and gut mucus were used to

detect the changes in the IgM by western blot.
Collection of serum and mucus

For common carp sampling, fish were anesthetized with MS-

222. The blood was taken from the tail vein, centrifuged at

5000 g for 10 min to remove the plasma, collected the serum, and

immediately stored at -80°C before use. To collect skin mucus,

the mucus was gently scraped from the surface of common carp

skin and then placed in a sterile Petri dish as previously

described (37). To collect gut mucus, the gut of common carp

was opened longitudinally, and the incubation buffer (1 ×PBS,

containing 1 × protease inhibitor cocktail [Roche, Switzerland],

1mM phenylmethylsulfonyl fluoride [Sigma, Germany]) was

added at a ratio of 4000 ml/g to the surface of the gut and then

the surface mucus was gently scraped with a cell scraper to a

sterile Petri dish. The sampling locations of foregut, midgut, and

hindgut were shown in Supplementary Figure 2B. To obtain gill,

buccal, nasal, and pharyngeal mucus, perfusion was performed

using PBS to remove blood present in the tissue, and after

dissection and removal of the tissue, it was rinsed three times

with PBS to remove the remaining blood, added to the protease

inhibition buffer described above (gill, added at a ratio of 2000

ml/g; buccal, added at a ratio of 10,000 ml/g; nasal, added at a

ratio of 10,000 ml/g; pharyngeal, added at a ratio of 4000 ml/g),
placed in sterile Petri dishes, and incubated overnight with

gentle shaking at 4°C as previously described (38–41). After

the tissue was gently blown, the culture supernatant was

collected. All mucus suspensions were then collected into

Eppendorf tubes and centrifuged at 400 g for 10 min at 4°C to

remove existing the carp cells and debris. To remove bacteria

from the mucus, the cell-free mucus was further centrifuged at
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10,000 g for 10 min at 4°C and the mucus suspension was then

stored at -80°C before use.
SDS-PAGE and western blot

Mucus and serum samples were resolved on 4-15% SDS-

PAGE Ready Gel (Bio-Rad, USA). PVDF membranes (Bio-Rad,

USA) were first activated with methanol and the gels were

transferred onto PVDF membranes for western blot analysis.

PVDF membranes were blocked with 8% skim milk after the

transfer and then incubated with anti-carp IgM (0.2 mg/ml)

antibody. As isotype, the rabbit IgG (purified from rabbit blood

before immunization) was used at the same concentrations.

After washing four times, added HRP Goat Anti-Rabbit IgG

(H+L) (ABclonal, China) and incubated for 45 min at RT. After

washing four times, the ECL Substrate (Epizyme, China) was

incubated with PVDF membranes. For quantitative analysis of

IgM in serum and gut mucus, the PVDF membranes were

scanned under the Amersham Imager 800 Imaging System

(GE Healthcare, USA), and the signal intensity of each band

was analyzed with ImageQuant TL software (GE Healthcare,

USA). Thereafter, the concentration of IgM was determined by

plotting the obtained signal strength values on a standard curve

generated for each blot using known amounts of purified carp

IgM. For purification of native IgM in common carp serum, the

same procedure was used as for the purification of pAb as

described above. Briefly, the affinity column was prepared by

coupling anti-carp IgM pAb to CNBr-activated Sepharose 4B

(GE Healthcare, USA). Then a serum sample pooled from

several individual carp was diluted 1:2 in PBS (pH 7.2) was

applied to the column equilibrated in PBS. The bound IgM was

eluted in the same manner, and the concentration was

determined using the Micro BCA™ Protein Assay Kit

according to the manufacturer’s instructions (Thermo Fisher

Scientific, USA).
Histology, light microscopy, and
immunofluorescence microscopy studies

As for histological studies, hematoxylin-eosin (H&E) staining

was performed according to the previous method of Kong et al.

(41). Images were captured for at least 6 individuals using a

microscope, and then the length and width of at least 3 gut villi per

image were measured using the measurement tool of cellSens

Standard software (Olympus, Japan). IgM+ B cells were detected

according to the method previously described by Yu et al. with

minor modifications (40). Briefly, sections were subjected to

antigen retrieval using EDTA-2Na, followed by incubation with

rabbit anti-carp IgM pAb (1.5 mg/ml) overnight at 4°C. As isotype,

the rabbit IgG (purified from rabbit blood before immunization)

was used at the same concentrations. After washing four times
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Highly Cross-Adsorbed Secondary Antibody, Alexa Fluor™ Plus

488 (Invitrogen, USA) at 3.3 mg/ml each for 40 min at RT. After

washing four times with PBS, all sections were stained with 1 mg/
ml DAPI (4’, 6-diamidino-2-phenylindole; Invitrogen, USA) for

8 min at RT before mounting. All images were then captured

using an Olympus BX53 fluorescence microscope (Olympus,

Japan) and analyzed by cellSens Standard imaging processing

software (Olympus, Japan).
DNA or RNA isolation and quantitative
real-time PCR analysis

DNA was extracted by using the DNeasy® Blood & Tissue

Kit (QIAGEN, German) according to the manufacturer’s

protocol. Briefly, the tissues were cut up and mixed with 180

ml ATL and 20 ml proteinase K. The tissues were incubated at 56°
C until they were completely lysed. Add 200 ml AL and incubate

at 56°C for 10 min and then add 200 ml anhydrous ethanol.

Transfer supernatant to DNeasy Mini spin column and

centrifuge at 7000 g for 1 min. After washing the hybrids with

AW1 and AW2, elution was performed with Buffer AE, collected

the eluted DNA. The concentration of DNA was determined

using a Nanodrop 2000 spectrophotometer (Thermo Fisher

Scientific, USA). To test bacterial loads, we selected Act

virulence genes from A. hydrophila for qPCR. Total RNA was

extracted by homogenization in 1 ml TRIzol (Invitrogen, USA)

using steel beads and shaking (60 HZ for 1 min; WONBIO,

China) following the manufacturer’s instructions. Extracted

RNA was measured by spectrophotometer for concentration

and checked for integrity with agarose gel (Monad, China). To

eliminate differences in gene expression levels for each sample,

RNA was reverse transcribed to cDNA and then analyzed by

qPCR according to the method of Yu et al. (40). The relative

mRNA levels of IgM in different tissues were calculated by taking

the reciprocal of the value of IgM/40S. The relative fold changes

were calculated using the 2-DDCt method, and 40S was used as a

control gene for normalization of expression. The specific

primers used in this experiment are listed in Supplementary

Table 1.
Binding of common carp IgM to A.
hydrophila

Using the pull-down assay as described previously (42, 43), we

measured the titers of A. hydrophila-specific IgM in foregut

mucus, midgut mucus, hindgut mucus, and serum. Briefly, the

suspension of A. hydrophila cultured to OD600nm = 0.7 was

washed three times with PBS. Then 40 ml of bacterial suspension
were added to the incubation system, and the mucus was diluted

at 1:2, 1:10, 1:40, 1:100, and the serum was diluted at 1:10, 1:100,
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1:1000, 1:4000, respectively, and the system was supplemented to

300 ml with 1% BSA-PBS. After incubation at RT for 4 h or at 4°C

for 12h, the supernatant was discarded by centrifugation at 10,000

g for 5 min and the sediment was washed three times with PBS.

Add 2 × Laemmli Sample Buffer (Bio-Rad, USA) to elute bound

proteins and mix well, boil at 95°C for 8 min. The prepared

samples were separated by SDS-PAGE and then detected for the

presence of IgM using western blot and the polyclonal antibody

against common carp IgM as described above.
Statistical analysis

The data were shown as the mean ± SEM and normality and

homogeneity of variance were checked before the statistical

analysis. The statistical differences between groups were

analyzed using an unpaired Student’s t-test, one-way analysis

of variance (ANOVA) with Bonferroni correction, and log-rank

(Mantel-Cox) test (Prism version 6.01; GraphPad). A value of p

< 0.05 or less was considered statistically significant.
Results

Antibody preparation and validation of
antigen recognition

To prepare polyclonal antibodies against common carp IgM,

we first obtained the complete cDNA sequence of IgM heavy

chain from NCBI (GenBank accession: no. MH352354.1) and

cloned the CH2-CH4 domains into the prokaryotic expression

plasmid (Figure 1A). Then we purified and identified the soluble

expression products. As we expected, the purified recombinant

proteins exhibited the main band with molecular weights of ~56

kilodaltons (kDa) (Figure 1B). The rIgM was then used as an

immunogen to develop against common carp IgM antibody. The

rabbit polyclonal antibody (pAb) against common carp IgM was

analyzed by western blot using common carp serum dilution.

The results showed significant bands at ~800 kDa and ~75 kDa

under non-reducing and reducing conditions, respectively, and

no bands for the antibody (rabbit IgG) of the isotype control

(Figure 1C). By immunofluorescence assay, we found that green

fluorescent signals were observed on histological sections from

the skin, gill, foregut, midgut, hindgut, buccal cavity, pharynx,

nose, spleen, and head kidney of the healthy common carp, and

isotype control was negative, which suggested that the pAb could

specifically react with membrane-bound IgM-positive B

lymphocytes (Figure 1D; Supplementary Figure 1A).

We also investigated the expression pattern of igm in healthy

common carp by qPCR. As shown that igm expression was

found in all examined tissues and measured at higher levels in

the systemic tissues (i.e., head kidney and spleen) than in the

mucosal tissues (i.e., skin, gill, foregut, midgut, hindgut, buccal
Frontiers in Immunology 05
cavity, pharynx, and nose) (Supplementary Figure 1B). In

addition, the concentrations of IgM in serum and mucus were

examined at the protein level in this study, and we found that the

concentration of IgM in mucus was much lower than in serum

(Supplementary Figure 1C). Together, these data indicated that

the carp IgM pAb herein was workable and could be used for

western blot and immunofluorescence analysis.
A. hydrophila infection induces severe
pathological changes in common carp

To evaluate the common carp immune responses to bacterial

pathogenic challenges, we developed a common carp bacterial

infection model via intraperitoneal injection of A. hydrophila

(Figure 2A). In the infected group, typical symptoms of A.

hydrophila appeared, such as ascites, anal redness and

swelling, body congesting, and enteritis (Figure 2B). In

addition, we found that the walls of the foregut, midgut, and

hindgut were congested (Supplementary Figure 2A). Using H&E

staining, we observed severe pathological changes in the gut of

common carp after A. hydrophila infection, including gut villus

damage as well as a decrease in the gut villus aspect ratio

(Figures 2C–E). The aspect ratio of gut villi reduced

significantly at 0.5 DPI and gradually recovered to the normal

level until 28 d (Figure 2F, G). Notably, the hindgut recovery was

faster than foregut and midgut, with no significant difference in

the infected group compared with control fish at 7 DPI

(Figure 2H). Together, our results confirmed that the A.

hydrophila infection model was successful in the common carp.
Response of immune-related genes in
common carp after infection with
A. hydrophila

To evaluate the kinetics of immune responses in common carp

postA. hydrophila infection, wemeasured the expression levels of 13

immune-related genes in the foregut, midgut, hindgut, spleen, and

headkidney tissuesof commoncarpat0.5, 1, 2, 4, 7, 14, and28DPIby

qPCR, which including antimicrobial peptides (AMPs) genes

(hepcidin; NK-lysin 2, nkl2; Apolipoproteins A-1, apoa-1; and

Apolipoproteins A-14, apoa-14), inflammatory genes

(inflammatory 1-b, il1-b; inflammatory 6, il6; inflammatory 8, il8;

and inflammatory 2, il2), matrix metalloproteinase 9 (mmp-9), and

immunoglobulin (Ig) heavy chain genes (igm, igd, igt1, and igt2). In

this study, we found that most of the genes increased significantly in

foregut, midgut, hindgut, spleen, and head kidney tissues after A.

hydrophila infection (Figures 3A–E). As AMPs, the expression of

hepcidin and nkl2 were upregulated significantly at 0.5 DPI.

Interestingly, the apoa-1 and apoa-14 genes decreased significantly

at first (0.5 and 1 DPI) and then increased significantly. The higher

expression levels of proinflammatory cytokines, such as il1-b, il6, and
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il8, were also expressed at 0.5 and 1DPI. However, the inflammatory

cytokine il2 was significantly upregulated at the initial phase of

inflammation in common carp gut, as well as at the later phase of

tissue remodeling (Figures 3A–C). It isworthnoting that the genes of

igm and igt1were expressed earlier than igd and igt2 in the spleen and

head kidney (Figures 3D, E), and the up-regulation of igm expression

canpersist up to14days afterA.hydrophila infection. In addition, the

expression of igm and igt2 were upregulated in the foregut, midgut,

and hindgut post the second infection (Supplementary Figure 3).

Taken together, these data supported a strong innate and adaptive

immune response were generated in systemic and mucosal tissues

following intraperitoneal infection with A. hydrophila in

common carp.
Response of IgM+ B cells to A. hydrophila
infection

To evaluate the adaptive IgM+ B cells responses, we performed a

second intraperitoneal challenge of common carp using the same
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dose of A. hydrophila as the first at 28 DPI (Figure 4A). Using

immunofluorescence microscopy, the results showed a significant

increase in the number of IgM+ B cells in the foregut, midgut, and

hindgut of 28DPI-S fish, which were ∼2.1-, ∼2.1-, and ∼2.0-fold
higher compared to the control fish (Figures 4B–D, G–I). And we

detected amoderate increase of IgM+B cells in the head kidney of the

28DPI-Sfish, whichwas∼1.5-fold higherwhen compared to control

group (Figure 4F, K). Notably, 35DPI-S fish showed significantly

increased numbers of IgM+ B cells in the foregut, midgut, hindgut,

and head kidney, which were ∼2.5-, ∼2.7-, ∼2.5-, and ∼1.8-fold,
respectively, when compared to the control fish (Figures 4G–I, K).

However, the trend of IgM+ B cells in the spleen was not significant

compared to the control fish (Figure 4E, J).
Bacteria-specific IgM responses in gut
mucus and serum

To further study the gut bacteria-specific IgM responses in

common carp after A. hydrophila infection, we performed a
B C

D

A

FIGURE 1

The common carp IgM polyclonal antibody (pAb) production and characterization. (A) Structural schematic of pET-32a-IgM recombinant
plasmids. (B) Coomassie blue staining of recombinant protein of IgM resolved by SDS-PAGE. Red arrowheads indicate the recombinant IgM.
(C) Western blot analysis with pAb to common carp serum. Left margin, molecular size in kilodaltons (kDa). MK, marker; NR, nonreducing
conditions; RE, reducing conditions. (D) Immunofluorescence staining of IgM+ B cells in different tissues of common carp. Tissue paraffinic
sections were stained with rabbit anti-carp IgM (green) and nuclei were stained with DAPI (blue) (isotype-matched control antibody staining,
Figure S1A). White arrowheads point to cells stained for IgM. White dotted lines outline the border. Scale bar, 20 mm. EP, epidermis; DE, dermis;
PL, primary lamella; SL, secondary lamella; LU, lumen; LP, lamina propria; BC, buccal cavity; BE, buccal epithelium; PC, pharyngeal cavity; PE,
pharyngeal epithelium; NC, nasal cavity; OE, olfactory epithelium.
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FIGURE 2

Scheme of the infection strategy with A. hydrophila via intraperitoneal injection. (A) Fish were injected with A. hydrophila and sacrificed at 0.5, 1,
2, 4, 7, 14, and 28 DPI for sample collection, while fish were injected with PBS as control. (B) The clinical observation following challenge with A.
hydrophila. (C–E) Histological examination by H&E staining of foregut (C), midgut (D), and hindgut (E) from control and infected fish (n = 6).
Scale bars, 50 mm. (F–H) The length-width ratio of foregut (F), midgut (G), and hindgut (H) intestinal folds in these groups of fish from (C–E)
(n = 6). *P < 0.05, **P < 0.01, and ***P < 0.001 (one-way ANOVA with Bonferroni correction). Data are representative of at least three
independent experiments (mean ± SEM).
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western blot analysis. Here, the results showed that the

concentration of IgM in the foregut and midgut mucus of the

28DPI-S fish increased moderately and significantly (Figures 5A,

B). The protein level of IgM in the foregut mucus, midgut

mucus, and hindgut mucus of 35DPI-S fish was increased

significantly, which was ∼3.2-, ∼1.9-, and ∼2.8- fold higher

than that of the control fish, respectively (Figures 5A–C). In

serum, the concentrations of IgM increased ∼3.0-fold and ∼2.4-
fold in 28DPI-S and 35DPI-S fish, respectively (Figure 5D). The

increase in the level of IgM protein led us to hypothesize that

IgM plays an important role in the defense against bacterial

invasion of the organism. Next, we verified the above hypothesis

using a pull-down assay to detect the ability of IgM to bind to A.

hydrophilic in serum and gut mucus. Immunoblot analysis

showed that bacteria-specific IgM binding in a 1:2 midgut

mucus (∼2.1-fold) and hindgut mucus (∼3.5-fold) dilution

from 28DPI-S fish and up to 1:100 in dilutions of midgut

mucus and hindgut mucus in 35DPI-S fish, an increase of

∼2.8-fold and ∼2.1-fold, respectively, compared to control fish

(Figures 5F, G, J, K). We found that bacteria-specific IgM

binding was detected at 1:10 (∼2.2-fold) foregut mucus

dilution in the 28DPI-S fish, in contrast to midgut and

hindgut results where the binding was detected only at 1:40

(∼3.1-fold) foregut mucus dilution in the 35DPI-S fish

(Figures 5E, I). In addition, there was a significant increase in

binding of bacteria-specific IgM in the diluted serum of the

28DPI-S fish and 35DPI-S fish compared with control fish,

reaching 1:1000 (∼1.8-fold) and 1:4000 (∼2.8-fold),
respectively (Figures 5H, L). In a word, these results indicated

that IgM plays an important role in the gut tissue against

bacterial invasion.
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Reinfected fish exhibit resistance to
A. hydrophila

In reinfection model, common carp were euthanized at 35

DPI to evaluate pathological changes in the gut tissues and

bacterial loads in the foregut, midgut, hindgut, spleen, and head

kidney tissues from the three groups (Control, Con+Cha, Infe

+Cha) (Figures 6A–E). Using H&E staining, we found that the

aspect ratio of gut villi was not significantly different between

control fish and reinfected-7d fish (Figure 6D). By qPCR, we

detected that upon reinfection, the reinfected fish had markedly

lower cytotoxic enterotoxin (Act) expression of A. hydrophila

compared with those of the first infected fish (Figure 6E,

Supplementary Figure 4). Importantly, we found a higher

survival rate in the Infe+Cha group compared with the Con

+Cha group (Figure 6F). These data strongly suggested that pre-

infection with A. hydrophila protects common carp from the

bacterial reinfection, and mucosal adaptive immunity had been

induced in common carp against bacteria invasion.
Discussion

Fish live in complex aqueous environments and are therefore

uniquely susceptible to diseases caused by a variety of pathogens

(44). In response to these threats, teleost fish have evolved robust

innate and adaptive immune systems, thus ensuring an

appropriate immune response upon antigen challenge while

maintaining overall tissue and microbiota homeostasis (45–

47). Igs are important effector molecules of the adaptive

immune system in vertebrates, which play critical roles in
B C D EA

FIGURE 3

Immune response in gut, spleen, and head kidney tissues of common carp following A. hydrophila infection. (A–E) Heat map illustrates results
from qPCR of mRNAs for selected immune-related genes in bacteria-challenged fish vs. control group measured at 0.5, 1, 2, 4, 7, 14, and 28
DPI following with A. hydrophila in the foregut (A), midgut (B), hindgut (C), spleen (D), and head kidney (E) organs of common carp (n = 6).
Color value: log2 (fold change). Data are representative of at least three different independent experiments.
frontiersin.org

https://doi.org/10.3389/fimmu.2022.1037517
https://www.frontiersin.org/journals/immunology
https://www.frontiersin.org


Mu et al. 10.3389/fimmu.2022.1037517
B

C

D

E

F

G

H

I

J

K

A

FIGURE 4

Scheme of the reinfection strategy and accumulation of IgM+ B cells of common carp infected with A. hydrophila. (A) Scheme of the
rechallenge strategy with A. hydrophila via intraperitoneal injection. Fish were injected with A. hydrophila at 0 days and reinfected at 28 DPI with
the same bacterial dose, and the resulting surviving fish were sacrificed at 28 and 35 days after the primary infection (28 DPI surviving group,
[28DPI-S]) and 35 (35 DPI surviving group, [35DPI-S]). The three groups of fish include Control (PBS + PBS), Con+Cha (PBS + A. hydrophila), and
Infe+Cha (A. hydrophila + A. hydrophila). (B–F) Representative differential interference contrast (DIC) images of immunofluorescence staining
on common carp foregut (B), midgut (C), hindgut (D), spleen (E), and head kidney (F) paraffin-sections from uninfected (Control) fish, 28DPI-S,
and 35DPI-S fish, stained for IgM (green) (Isotype-matched control antibody staining is shown in Figure S1A); nuclei (blue) were stained with
DAPI (blue). Scale bars, 20 mm. (G–K) The number of IgM+ B cells of Control, 28DPI-S, and 35DPI-S fish counted from (B–F) (n = 6). ns, not
significant, *P < 0.05, **P < 0.01, and ***P < 0.001 (unpaired Student’s t-test). Data are representative of at least three independent experiments
(mean ± SEM).
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FIGURE 5

IgM responses in the gut mucus and serum from 28DPI-S and 35DPI-S fish. (A–D) The concentration of IgM protein in foregut mucus (A),
midgut mucus (B), hindgut mucus (C), and serum (D) of Control, 28DPI-S, and 35DPI-S fish (n = 6). (E–H) Western blot analysis of IgM-specific
binding to A. hydrophila in foregut mucus (E), midgut mucus (F), hindgut mucus (G), and serum (H) (mucus dilution 1:2; serum dilution 1:10)
from 28DPI-S and 35DPI-S fish. (I–L) IgM-specific binding to A. hydrophila in dilutions of foregut mucus (I), midgut mucus (J), hindgut mucus
(K), and serum (L) from 28DPI-S and 35DPI-S fish, evaluated by densitometric analysis of immunoblots and presented as relative values to those
of control fish (n = 6). ns, not significant, *P < 0.05, **P < 0.01, and ***P < 0.001 (unpaired Student’s t-test). Data are representative of at least
three independent experiments (mean ± SEM).
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defending the host against various pathogens (48). In teleost fish,

IgM is the most abundant Ig isotype and plays a crucial role in

both systemic and mucosal tissues (13, 14). The gut of teleost fish

represents the prevalent mucosa-associated lymphoid tissue

(MALT), directly interacts with foreign pathogens from

aquatic environment, and is often considered the major site of

invasion (49). A. hydrophila is a highly infectious

enteropathogenic bacterium commonly found in freshwater,

which causes intestinal inflammation and hemorrhagic

septicemia, resulting in considerable economic losses (50).

However, the IgM function in the development of bacterial

enteritis in teleost fish is relatively little known. Here, we

generated polyclonal antibodies against common carp IgM to

investigate the function of gut IgM in protecting against

enteropathogenic bacterial invasion.

Antibodies against IgM have been reported in much teleost

fish (19–25). In this study, the rIgM was employed as an

immunogen to generate polyclonal antibodies. Under reducing
Frontiers in Immunology 11
conditions, the results showed that the molecular weight of rIgM

was approximately 56 kDa, indicating that we successfully

expressed the rIgM protein in E. coli. Generally, IgM occurs as

tetramers with a molecular weight of approximately 800 kDa in

the teleost fish, and its monomer consists of two heavy chains

(~75 kDa) and two light chains (~25 kDa) (19, 24, 51–53). In our

study, western blot analysis revealed that the polyclonal antibody

(pAb) against carp IgM specifically reacted with the band

corresponding to the heavy chain (~75 kDa) as expected, and

IgM predominantly occurred as tetramers (~800 kDa) in

common carp serum, which is consistent with the previous

study (54). Moreover, the immunofluorescence results

indicated that the IgM pAb could specifically recognize the

IgM+ B cells of common carp. Notably, the qPCR and

immunoblotting results showed that the expression and

concentration of IgM in mucosal tissues were lower than those

in systemic tissues, which was consistent with previous results

(25, 37, 38, 40, 55). Overall, these findings indicated that the IgM
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FIGURE 6

Histological examination, bacterial loads, and survival rates of common carp after rechallenging with A. hydrophila. (A–C) Histological
examination by H&E staining of foregut (A), midgut (B), and hindgut (C) from Control (Con-7d), Con+Cha (Infe-7d), and Infe+Cha (Reinfe-7d)
groups of fish. (D) The length-width ratio of foregut, midgut, and hindgut intestinal folds from (A–C). (E) The expression levels of A. hydrophila
in control, infected-7d, and reinfected-7d fish were measured in the gut of common carp (n = 6). (F) Cumulative survival of control, infected,
and reinfected fish. Statistical differences were evaluated by log-rank (Mantel-Cox) test. ns, not significant, *P < 0.05, **P < 0.01, and ***P <
0.001 (one-way ANOVA with Bonferroni correction). Data are representative of at least three independent experiments (mean ± SEM).
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pAb prepared herein could be used as a monitoring tool to assess

the immune status of common carp.

To evaluate the immune responses of IgM in the gut against

bacterial invasion, we established an A. hydrophila infection

model in common carp via intraperitoneal injection. As

expected, the fish exhibited the typical symptoms of A.

hydrophila infection, including body surface hemorrhage,

abdominal dropsy, and enteritis (28). Moreover, severe

histological changes occurred in the gut of common carp upon

infection, including gut villi shedding and lower aspect ratio of

the villus structure, which was consistent with the known

symptoms of A. hydrophila-infected grass carp (32). Notably,

we found that the most serious symptoms occurred at 0.5-1 DPI,

after which they gradually improved, indicating that A.

hydrophila is an acute infectious gastroenteritis type

bacterium. Overall, our results demonstrated that A.

hydrophila successfully induces intestinal inflammation via

intraperitoneal injection.

Innate immunity serves as the first line of defense against

pathogen invasion. Upon A. hydrophila infection, consistent

with the gut significant histopathological lesions, the results

showed that six immune-related genes were significantly up-

regulated in the foregut, midgut, hindgut, spleen, and head

kidney, as early as 0.5 DPI. Hepcidin, an important

antimicrobial peptide (AMP), plays a crucial role in host

defense against bacterial invasion (56). Here, we found that

the mRNA expression levels of hepcidin were quickly up-

regulated in the foregut, midgut, hindgut, spleen, and head

kidney post A. hydrophila infection. This demonstrated that

hepcidin may be an important component of the innate

immunity of carp and participates in mucosal and systemic

immune responses against bacterial infection. NK-lysin is a

potent antimicrobial peptide that is widely distributed in

vertebrates (57). Upon A. hydrophila infection, the nkl2 gene

was significantly activated, suggesting that Nkl2 plays an

important role in the immune response against microbial

pathogens of common carp. Matrix metalloproteinase 9

(Mmp-9), a member of the zinc-dependent endopeptidase

family, is associated with vital inflammatory processes in

mammals (58). At the beginning of infection, significant up-

regulation of mmp-9 expression was detected in the foregut,

midgut, hindgut, spleen, and head kidney, suggesting the

important role of Mmp-9 in the innate immune response.

Moreover, the mRNA expression of proinflammatory

cytokines such as il1-b, il6, and il8 was also significantly

increased in the foregut, midgut, and hindgut of common carp

immediately after A. hydrophila infection. The results were

similarly reported in zebrafish infected with Staphylococcus

aureus and in common carp with SMB-induced enteritis (59,

60). Apolipoprotein A (Apo A) is a multifunctional protein that

participates in lipid metabolism and transport. A previous study

demonstrated that Apo A-1 has bacteriostatic activity against A.

hydrophila and bactericidal activity against E. coli (61).
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Interestingly, apoa-1 and apoa-14 were first downregulated

and then upregulated during the infection process, which was

consistent with the findings of a previous study in carp infected

with SVCV (62). The expression of apoa-1 and apoa-14 were

upregulated in the foregut, midgut, and hindgut of common carp

post the second infection. Overall, our results suggested that Apo

A plays an important role in the resistance to invasion by

A. hydrophila.

Similar to mammals, adaptive immunity in teleost fish plays

a vital role in preventing bacterial infection (42, 63). Previous

studies have shown that IL2 has regulatory effects on immune

gene expression and may be involved in the differentiation of

Treg and Th1/2 cells, in addition to enhancing NK cell activity

(64, 65). Interestingly, il2 upregulation occurred both at the early

and late stages in the gut, indicating that IL2 plays an

indispensable role in both innate and adaptive immunity in

fish mucosal tissues. Igs are crucial components of adaptive

immunity, and the expression of igm, igd, and igt was up-

regulated in the foregut, midgut, hindgut, spleen, and head

kidney tissues in this study. Interestingly, although the igm

responses in the spleen and head kidney were activated earlier

than in gut tissues, up-regulation of igm expression was also

observed in the gut during the later phase of tissue remodeling.

Meanwhile, upregulation of igm expression occurred in the

foregut, midgut, hindgut, spleen, and head kidney post the

second infection, which suggested that the IgM plays a vital

role in adaptive immunity. Taken together, our results showed

that both innate and adaptive immune responses could be

effectively elicited after A. hydrophila infection.

A previous study showed that the expression of igm

increased dramatically in gut of rainbow trout to which

Flavobacterium psychrophilum was administered via

intraperitoneal injection, and IgM was a main participant in

the adaptive immune response to this pathogen challenge (66).

Similar to mammals, the adaptive immune system of teleost fish

also possesses immune memory, which produces a rapid and

strong immune response upon pathogen reinfection (67). Thus,

we developed a reinfection model, which demonstrated the

induction of adaptive immune responses in the gut. In brief,

IgM+ B cells were significantly increased in the foregut, midgut,

hindgut, and head kidney of the 28DPI-S fish and 35DPI-S fish

compared to the control fish. Notably, the accumulation of IgM+

B cells was also increased in the spleen, albeit not significantly,

which may be due to the migration of cells into the gut from the

spleen (68, 69). A large number of IgM+ B cells were detected in

the gut of 35DPI-S fish, which coincided with increases in IgM

concentration in the gut mucus of the same individuals. Higher

bacteria-specific IgM titers were found in the gut mucus and

serum in the 35DPI-S fish when compared to the 28DPI-S fish,

indicating that IgM plays an important role in both systemic and

mucosal immunity. Similarly, a study performed by Castro et al.

showed that IgM+ B cells increased significantly in the peritoneal

cavity of rainbow trout after injection with E. coli and viral
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hemorrhagic septicemia virus (VHSV), and these cells increased

their IgM secretion (70). In contrast, bacteria-specific IgM titers

were not found in the mucosal tissues (i.e., skin, gill, and buccal

cavity) of rainbow trout after F. columnare infection by

immersion in our previous studies (42, 43, 71). In another

study that examined the GALTs of rainbow trout that had

survived Ceratomyxa shasta infection via immersion, parasite-

specific IgM responses were only detected in serum samples (18).

Based on these observations, we hypothesized that IgM

responses vary in an infection strategy-specific manner.

Furthermore, we found that the expression of igt was stronger

in the gut than in the spleen and head kidney after bacterial

infection, especially after the second infection, implying that IgT

plays an important role in the mucosa to defend against A.

hydrophila infection. This finding is in agreement with the

results of Zhang et al. and also applies to the skin, gill, and

oral mucosal tissues, and in later work, we will develop

antibodies against common carp IgT for further validation (18,

42, 43, 71).

More importantly, our previous studies demonstrated that

the survivor rainbow trout re-exposed to this bacterium or virus

exhibited high resistance (42, 72). In this study, we found that

common carp reinfected with A. hydrophila exhibited higher

survival rates and the pathological changes in the gut recovered

faster compared to those in individuals infected for the first time.

These findings suggested that local humoral immunity might be

elicited in carp GALT thus contributing to protection upon

reinfection. After rechallenging with A. hydrophila, based on the

significant decrease in bacterial load, we hypothesized that IgM+

B cells secrete A. hydrophila-specific IgM to neutralize the

bacteria, thereby preventing the pathogens from replicating

and multiplying in the target cells. However, further studies

are required to explain the mechanisms through which IgM

neutralizes pathogens. Moreover, previous studies have

demonstrated that A. hydrophila has developed resistance to

commercial antibiotics, thus highlighting the importance of

vaccines as an effective prevention measure (50). Injection is

the most common route of vaccine administration, and therefore

it is important to determine whether local mucosal immunity in

the gut can be induced by injection. Previous studies

hypothesized that the immune responses induced by mucosal

(gut) and parenteral immunization are asymmetrical (73). In a

previous study, when antigens were delivered via the gut,

mucosal and systemic immune responses were elicited, as

demonstrated by an increase in the amounts of circulating

IgM (74). In contrast, delivering the dinitrophenol (a model

antigen) by intraperitoneal injection resulted in strong systemic

responses, whereas mucosal responses were virtually absent (75).

However, our results demonstrated that intraperitoneal injection

with A. hydrophila elicited a strong mucosal and systemic

immune response in common carp. In other words,
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extraintestinal exposure to enteropathogenic bacteria triggered

both immune responses equally in our infection model.

Therefore, the above-described results suggested that IgM+ B

cell and IgM responses may vary in a pathogen-specific manner.

From a practical perspective, further research on the pathogen-

specific responses of IgM in fish mucosa would greatly

contribute to improving delivery strategies and adjuvant

formulations. In turn, this would enable the creation of more

effective vaccines to induce the generation of specific antibodies

in the plasma cells of fish.

In conclusion, our study successfully developed a pAb

against common carp IgM, which can be used as an effective

tool for vaccine evaluation. Moreover, we constructed a model of

carp infected with A. hydrophila via intraperitoneal injection,

which can cause strong systemic and mucosal immunity.

Importantly, our results demonstrated that reinfected common

carp had a lower bacterial load, higher survival rates and higher

bacteria-specific IgM titers compared to the common carp that

had only been infected once. Therefore, IgM memory B cells

may resist the invasion of A. hydrophila by being rapidly and

massively activated and exerting various functions. Furthermore,

our results suggest that IgM immune responses could vary in

different infection strategies. Nevertheless, additional studies are

required to elucidate the mechanisms through which IgM

participates in the response against bacterial invasion in

common carp.
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70. Castro R, Abós B, González L, Granja AG, Tafalla C. Expansion and
differentiation of IgM+ b cells in the rainbow trout peritoneal cavity in response
to different antigens. Dev Comp Immunol (2017) 70:119–27. doi: 10.1016/
j.dci.2017.01.012

71. Tongsri P, Meng KF, Liu X, Wu ZB, Yin GM, Wang QC, et al. The
predominant role of mucosal immunoglobulin IgT in the gills of rainbow trout
(Oncorhynchus mykiss) after infection with Flavobacterium columnare. Fish
shellfish Immunol (2020) 99:654–62. doi: 10.1016/j.fsi.2020.01.044

72. Yu Y, Huang ZY, Kong WG, Dong F, Zhang XT, Zhai X, et al. Teleost swim
bladder, an ancient air-filled organ that elicits mucosal immune responses. Cell
Discovery (2022) 8(1):31. doi: 10.1038/s41421-022-00393-3
Frontiers in Immunology 16
73. Mutoloki S, Munang’andu HM, Evensen Ø. Oral vaccination of fish-antigen
preparations, uptake, and immune induction. Front Immunol (2015) 6:519.
doi: 10.3389/fimmu.2015.00519

74. Dong ZR, Mu QJ, KongWG, Qin DC, Zhou Y, Wang XY, et al. Gut mucosal
immune responses and protective efficacy of oral yeast cyprinid herpesvirus 2
(CyHV-2) vaccine in Carassius auratus gibelio. Front Immunol (2022) 13:932722.
doi: 10.3389/fimmu.2022.932722

75. Valdenegro-Vega VA, Crosbie P, Vincent B, Cain KD, Nowak BF. Effect of
immunization route on mucosal and systemic immune response in Atlantic salmon
(Salmo salar). Vet Immunol Immunopathol (2013) 151(1-2):113–23. doi: 10.1016/
j.vetimm.2012.10.010
frontiersin.org

https://doi.org/10.1016/j.dci.2017.01.012
https://doi.org/10.1016/j.dci.2017.01.012
https://doi.org/10.1016/j.fsi.2020.01.044
https://doi.org/10.1038/s41421-022-00393-3
https://doi.org/10.3389/fimmu.2015.00519
https://doi.org/10.3389/fimmu.2022.932722
https://doi.org/10.1016/j.vetimm.2012.10.010
https://doi.org/10.1016/j.vetimm.2012.10.010
https://doi.org/10.3389/fimmu.2022.1037517
https://www.frontiersin.org/journals/immunology
https://www.frontiersin.org

	Response of immunoglobulin M in gut mucosal immunity of common carp (Cyprinus carpio) infected with Aeromonas hydrophila
	Introduction
	Materials and methods
	Development of polyclonal antibody against common carp IgM
	Fish maintenance
	A. hydrophila strain and challenge test
	Collection of serum and mucus
	SDS-PAGE and western blot
	Histology, light microscopy, and immunofluorescence microscopy studies
	DNA or RNA isolation and quantitative real-time PCR analysis
	Binding of common carp IgM to A. hydrophila
	Statistical analysis

	Results
	Antibody preparation and validation of antigen recognition
	A. hydrophila infection induces severe pathological changes in common carp
	Response of immune-related genes in common carp after infection with A. hydrophila
	Response of IgM+ B cells to A. hydrophila infection
	Bacteria-specific IgM responses in gut mucus and serum
	Reinfected fish exhibit resistance to A. hydrophila

	Discussion
	Data availability statement
	Ethics statement
	Author contributions
	Funding
	Supplementary material
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages false
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 1
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /ENU (T&F settings for black and white printer PDFs 20081208)
  >>
  /ExportLayers /ExportVisibleLayers
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks true
      /IncludeHyperlinks true
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


