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a b s t r a c t
Annexins are Ca2+ -dependent phospholipid-binding proteins. They are ubiquitous in living
organisms and are involved in many cellular processes. In the course of studying Edwardsiella ictaluri pathogenesis in channel catﬁsh, we identiﬁed that six annexin expressed
sequence tags (A1, A2, A4, A5, A6 and A11) were up-regulated at the early stage of infection. In this study, we cloned and characterized these transcripts. The full-length nucleic
acid sequences of channel catﬁsh annexins ranges from 1231 (annexin A1) to 2476 (annexin
A6). Each transcript has one open reading, which appears to encode peptides ranges from
317 to 662 amino acid residues with the calculated molecular masses from 35.0 (annexin
A5) to 74.5 kDa (annexin A6). Phylogenetic and sequence analyses demonstrate that each
channel catﬁsh annexin had a diversiﬁed amino terminus, and had four structurally conserved 70-amino acid repeats. In addition, several important features for annexin functions
were conserved in channel catﬁsh. For expression proﬁle, channel catﬁsh annexin A1, A4
and A6 transcripts were detected in spleen, anterior kidney, liver, intestine, skin and gill of
ﬁsh examined. However, annexin A2, A5 and A11 cDNAs were variously detected in tissues
of ﬁsh sampled. This result provides important information for further elucidating channel
catﬁsh annexin functions in vivo.
Published by Elsevier B.V.

Annexins, a protein superfamily, are ubiquitous and
can be classiﬁed into ﬁve subfamilies: A subfamily for
vertebrates, B for invertebrates, C for fungi and some unicellular eukaryotes, D for plants and E for protists (Gerke
and Moss, 2002; Moss and Morgan, 2004; Mortimer et
al., 2008). These proteins are biosynthesized as either in
a soluble form in the cytosolic compartment or in associated with other proteins, such as with cytoskeleton (Moss
and Morgan, 2004). After synthesis, they are undergoing
a series of post-translational modiﬁcation such as phosphorylation (Moss and Morgan, 2004). Two fundamental
biochemical characteristics of annexins are (1) they bind
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to Ca2+ -dependent, negatively charged phospholipids in a
reversible manner and (2) they contain structurally conserved domains of about 70 amino acid repeats (Gerke and
Moss, 2002; Gerke et al., 2005; Moss and Morgan, 2004).
In human, 12 annexins have been identiﬁed, but their
functions are largely yet to be determined. Annexin A1 (also
called lipocortin I) plays key roles in mediating glucocorticoid anti-inﬂammatory and anti-migratory actions (for
reviews, see Hannon et al., 2003; Perretti and Solito, 2004;
Lim and Pervaiz, 2007; D’Acquisto et al., 2008; Perretti and
D’Acquisto, 2009). Annexin A2 has been involved in (1)
enhancement of osteoclast formation and bone resorption
(Takahashi et al., 1994), (2) regulation of ﬁbrin hemeostasis
and neovascularization (Ling et al., 2004), and (3) regulation of phagocytosis of photoreceptor outer segments in the
retina (Law et al., 2009). Annexin A4 modulates the mem-
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Table 1
Synthetic oligonucleotides used for PCR ampliﬁcation in this study.
Primer

Sequence

Direction

GeneRacer RNA Oligo (Invitrogen)
GeneRacer Oligo dT (Invitrogen)
GeneRacer 5 -Primer (Invitrogen)
GeneRacer 3 -Primer (Invitrogen)
ANXA1-16F
ANXA1-285F
ANXA1-396F
ANXA1-119R
ANXA1-265R
ANXA1-707R
ANXA2-90F
ANXA2-263F
ANXA2-147R
ANXA2-587R
ANXA4-177F
ANXA4-290F
ANXA4-196R
ANXA4-673R
ANXA5-28F
ANXA5-151R
ANXA6-619F
ANXA6-26R
ANXA6-61R
ANXA6-111R
ANXA6-144R
ANXA6-176R
ANXA6-485R
ANXA6-634R
ANXA11-36F
ANXA11-837F
ANXA11-68R
ANXA11-1388R
␤-Actin-F
␤-Actin-R

5 -CGACUGGAGCACGAGGACACUGACAUGGACUGAAGGAGUAGAAA-3
5 -GCTGTCAACGATACGCTACGTAACGGCATGACAGTG(T)24 -3
5 -CGACTGGAGCACGAGGACACTGA-3
5 -GCTGTCAACGATACGCTACGTAACG-3
5 -CAGGCAGACATTGACGCCAGGGAACT-3
5 -GGGCTCCGGCTACAGAGGGAAGATCC-3
5 -CATGAAGGGCTTGGGCACAGATGAGG-3
5 -GAGGCCGCATCTCCAGCTGGGTTAAA-3
5 -CTCATCTGTGCCCAAGCCCTTCATGG-3
5 -GCGCTCCTGCTGGTCAGGATGTTGAT-3
5 -TTTGGGTCAAGCGAGCCCACCTATCC-3
5 -CCAACAAACTCGGCGATGCCATGAAG-3
5 -AGACAGTGCCCCCTTCAGGGCAGAAA-3
5 -TGGCTCATCCCTCTTGACCGCCACTA-3
5 -AACGCCATCAAGGGTGCTGGAACTGA-3
5 -TCGTACGATTGCGCAGAGGCAGAAGA-3
5 -CCAGCACCCTTGATGGCGTTTCTCAG-3
5 -ACGAGTGCGTCATCCACAGTGGTGCT-3
5 -TTGGGGAACCGCAGTGCTGAACATCT-3
5 -CCAGCAGCACTTCTTGCAGGTGTCCA-3
5 -GCTTTGCTCCAGGGTGCCAGAGATGA-3
5 -TCATCTCTGGCACCCTGGAGCAAAGC-3
5 -TGCTCTGACTTCGACCCAGCGAGTGA-3
5 -CCTCACCACCGCAAAGGATCAGCAAG-3
5 -ACTCCGGTTGCCCAAGAGCATGATGA-3
5 -CCTCGGAATCCCTTGCCCATGATGTC-3
5 -CAGAGCTTCAGCAGCGTGCGCTTGTA-3
5 -CACCCTGGAGCAAAGCAACCAGCATC-3
5 -GGATCATGGTGAGCCGCTCTGAGGTC-3
5 -GCGCCATAGCGGGTGTAGGGACAGAT-3
5 -ACATGTCGACCTCAGAGCGGCTCACC-3
5 -ACATGTCCACCTCAGAGCGGCTCACC-3
5 -GACTTCGAGCAGGAGATGGG-3
5 -AACCTCTCATTGCCAATGGTG-3

Forward
Reverse
Forward
Forward
Forward
Reverse
Reverse
Reverse
Forward
Forward
Reverse
Reverse
Forward
Forward
Reverse
Reverse
Forward
Reverse
Forward
Reverse
Reverse
Reverse
Reverse
Reverse
Reverse
Reverse
Forward
Forward
Reverse
Reverse
Forward
Reverse

brane channel activity via the inhibition of Ca2+ -dependent
chloride ion conductance (Chan et al., 1994; Kaetzel et al.,
1994), is involved in exocytosis in apical regions of polarized cells (Fukuoka et al., 2002), functions as a membrane
protein mobility regulator (Piljić and Schultz, 2006), etc.
Because annexin A5 binds speciﬁcally to membrane phosphatidylserine, which is located in the inner layer of the
membrane in normal cells, annexin A5 has long been used
as a biomarkers for studying phosphatidylserine-related
apoptotic cells in vitro and in vivo (Boersma et al., 2005;
van Genderen et al., 2008). Annexin A5 can also function extracellularly to inhibit the prothrombinase complex
formation to prevent the conversion of prothrombin into
proteolytically active thrombin, and inhibit the genera-

tion of microparticles, which are believed to be involved
in many intercellular signaling pathways (van Genderen et
al., 2008). Annexin A6 seems to be required for lymphocyte development, and implicates in acting to disrupt the
association of clathrin with the plasma membrane (Clark et
al., 1991; Burgoyne and Clague, 1994; Edwards and Moss,
1995). Annexin A11 is involved in the trafﬁcking and fusion
during the terminal phase of cytokinesis (Tomas et al.,
2004; Gerke et al., 2005). Also, annexins have been implicated in human pathophysiological disease states, such as
infections, diabetes, cancer, autoimmunity and heart diseases (Gerke and Moss, 2002; Hayes et al., 2007).
In teleost ﬁsh, the annexin gene family has been identiﬁed and studied their expressions in the zebraﬁsh (Danio

Table 2
Summary of channel catﬁsh annexins.
Annexin

Nucleotide

Amino acida

A1
A2
A4
A5
A6
A11

1213
1389
1339
1400
2476
1892

337
337
321
317
662
482

a

Molecular mass (Da)b
37,277.67
37,771.31
35,563.67
34,994.96
74,549.06
51,148.58

pI at pH 7.0b

Identity to zebraﬁshc

GenBank accession no.

6.5479
7.8931
5.0905
6.2677
5.1370
7.7307

74%
87%
81%
74%
86%
72%

GU120081
FJ803363
FJ803364
FJ803365
GU120082
FJ803366

Amino acid sequences were deduced using the “Translate Tool” via www.expasy.ch/tools/dna.html.
Molecular masses and pI at pH 7.0 of each annexin were calculated using the Pepstats program via www.ebi.ac.uk/Tools/emboss/pepinfo/.
c
The amino acid sequence identity between channel catﬁsh and zebraﬁsh was calculated by the Needle Blosum 62 program via
www.ebi.ac.uk/Tools/emboss/align/.
b
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rerio) embryonic and larval stages (Farber et al., 2003).
However, their pathophysiological processes in ﬁsh have
not been explored. In the course of studying Edwardsiella ictaluri (a member of the Enterobacteriaceae family,
a facultative anaerobic, rod-shaped, and Gram-negative

bacterium [Hawke et al., 1981]) pathogenesis in channel catﬁsh, we observed that the channel catﬁsh annexin
expressed sequence tags, identiﬁed by subtraction suppression hybridization, were up-regulated at the early
stage of infection (unpublished data). Our interest in gene

Fig. 1. Comparison of the channel catﬁsh annexins by the alignment of their deduced amino acid sequences with the ClustalW2 software (Larkin et al.,
2007). Potential four 70-amino acid residue repeats are highlighted by yellow, turquoise, green and gray colors for repeats 1, 2, 3 and 4, respectively.
The Ca2+ -binding sites in repeats are indicated in boldface. The arginine (R) residues involved in structural stability are in italic. The residues for putative
Ca2+ channel function are highlighted in pink. The potential N-glycosylation sites in annexin A5, A6 and A11 are underlined. Gaps (-) were introduced to
maximize the sequence homology. Identical amino acids among the annexins are denoted by asterisk (*) below the sequences. (For interpretation of the
references to color in this ﬁgure legend, the reader is referred to the web version of the article.)
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Fig. 1. ( Continued. )

expression in infectious diseases prompted us to speculate that the annexins may play a role in channel catﬁsh
infection. In this report, we describe the cloning and characterization of channel catﬁsh annexin orthologs to human
annexin A1, A2, A4, A5, A6, and A11. Expression of the
annexin transcripts in various tissues was detected using a
two-step RT-PCR.
Channel catﬁsh (NWAC 103 strain, 25–30 g) used in
this study was described previously (Lim et al., 2009).
Brieﬂy, catﬁsh from a single spawn were raised in our
ﬁsh facilities, and were acclimated in aquaria at a density of 20 ﬁsh per aquarium for 2 weeks. Flow-through
dechlorinated city water with aeration at 28 ◦ C was used.
Photoperiod was maintained at a 12:12 h light/dark schedule. Speciﬁc pathogens in catﬁsh were monitored using
a loop-mediated isothermal ampliﬁcation (LAMP) method
described previously (Yeh et al., 2005, 2006). The protocol
for experimental use of catﬁsh was approved by the Institutional Animal Care and Use Committee, Aquatic Animal
Health Research Unit, Agricultural Research Service, U.S.
Department of Agriculture, Auburn, AL. For tissue samples,
ﬁsh were collected and euthanized by immersion in MS222 (Nickum et al., 2004). Spleen, anterior kidney, liver,

intestine, skin and gill were excised aseptically and stored
in a Tri reagent (Molecular Research Center, Inc., Cincinnati,
OH) at − 80 ◦ C.
Total RNA from channel catﬁsh tissues was puriﬁed
using a Tri reagent (Molecular Research Center, Inc.) as per
the manufacturer’s instruction. The quality and quantity
of total RNA were determined with an Agilent Bioanalyzer using RNA 1200 chips (Agilent Technologies, Santa
Clara, CA). Both 16S and 28S rRNA were clearly identiﬁed.
Both 5 - and 3 -RACE libraries were constructed
using a GeneRacer kit (Invitrogen Corp., Carlsbad, CA)
according to the manufacturer’s instructions. For 5 RACE, 5 g of total RNA were dephosphorylated with
calf intestinal phosphatase and decapped with tobacco
acid pyrophosphatase, followed by ligation to a GeneRacer RNA Oligo (Table 1). The treated RNA was reverse
transcribed into cDNA using SuperscriptTM reverse transcriptase III (Invitrogen Corp.) and random primers. For
3 -RACE, 5 g of total RNA were reverse transcribed
into cDNA using SuperscriptTM reverse transcriptase III
(Invitrogen Corp.) and a GeneRacer Oligo dT primer
(Table 1).
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Fig. 2. Phylogenetic relationships of the annexin protein family among vertebrates. The tree was constructed with the Neighbor-Joining method using the
MEGA 4.0 software (Tamura et al., 2007) based on the alignment results from ClustalW2. The tree was built in 1000 bootstrap replicates with the value
>50%. The annexin amino acid sequences used for this analysis are listed in Supplementary Table 1.

Both 5 - and 3 -RACE of annexin genes were PCR
ampliﬁed. The PCR reaction mixtures (50 l per reaction)
contained the following reagents (in ﬁnal concentrations): 1× PrimeSTAR PCR buffer (TaKaRa, Madison,
WI), 200 M dNTP mix (TaKaRa), 0.3 M each of gene
speciﬁc primer and GeneRacer primer, 1.25 U Prime
STAR HS DNA polymerase (TaKaRa) and cDNA template. The ampliﬁcation was performed on a GeneAmp
PCR System 9700 thermocycler (Applied Biosystems, Foster City, CA) according to the protocol described in
the GeneRacer manual. The primers for PCR ampliﬁcation are listed in Table 1. The ampliﬁed PCR products
were puriﬁed using an agarose gel electrophoresis, and
ligated into the pSC vectors, followed by the transformation of the vectors into the Solo Pack® competent
Escherichia coli cells (Agilent Technologies) according to
the manufacturer’s instruction. At least 10 colonies per
PCR product were randomly selected for DNA sequencing.
The DNA sequencing reactions on both directions were
carried out at the USDA ARS Genomics and Bioinformatics

Research Unit, Stoneville, MS. Chromatograms were edited,
trimmed and analyzed at the same location. The amino acid
sequences were translated using the Transeq program (Rice
et al., 2000). The ClustalW2 software (Larkin et al., 2007)
was used for amino acid sequence alignment. The ExPASy
server (Gasteiger et al., 2005) was used to calculate the
deduced annexin peptide molecular mass and pI. Phylogenetic relationships of annexins from channel catﬁsh and
various species were analyzed using the MEGA 4.0 software
(Tamura et al., 2007) based on the ClustalW2 alignment
results.
RT-PCR assays for the detection of channel catﬁsh
annexin transcripts in various tissues were carried out
using the two-step procedure (Yeh and Klesius, 2007a,b,
2008a,b,c). ␤-Actin was used as an internal control. The
ampliﬁed products were analyzed in 2% agarose gel electrophoresis and stained with ethidium bromide. Images
were recorded by a KODAK Gel Logic 440 Imaging System
version 4.0.3 (Eastman Kodak, Rochester, NY), and processed with ImageJ software (version 1.41o) (Abramoff et
al., 2004).
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Previously, we used subtraction suppression hybridization to investigate the gene regulation of channel catﬁsh
ovary cells (ATCC CRL-2772) after Edwardsiella ictaluri
infection, and partially identiﬁed six types of annexin
expressed sequence tags. Based on these sequences, we
further designed primers in conjunction with the RACE
method (Frohman et al., 1988) to clone and characterize
the channel catﬁsh annexin A1, A2, A4, A5, A6 and A11 transcripts. Each annexin sequence had an open reading frame
(ORF) with 5 - and 3 -untranslated regions (UTR). In the
3 -UTR three canonical features of mRNA were observed,
indicating that these channel catﬁsh annexin transcripts
are in full-length. Six annexin ORFs appear to encode peptides from 317 (annexin A5) to 662 (annexin A6) amino
acid residues with calculated molecular masses ranged
from 35.0 to 74.5 kDa (Table 2). Like human counterparts,
channel catﬁsh annexins do not have a signal peptide.
The N-glycosylation sites were predicted in annexin A5 at
Asn196 , annexin A6 at Asn16 and Asn200 , and annexin A11
at Asn119 and Asn206 (Fig. 1). Table 2 shows the summary
of the physical properties of channel catﬁsh six annexins.
When each deduced channel catﬁsh annexin amino acid
sequence was compared with those from other species
deposited in GenBank, we noticed that like human annexins, each channel catﬁsh annexin showed a diversiﬁed
amino terminus and had four structurally conserved 70amino acid repeats (Fig. 1 and Supplementary Figs. 1–6).
However, the aspartic acid residue at the position 226
of annexin A5 repeat 3, which is involved in molecular switch in Ca2+ - and pH-dependent conformational
changes (Sopkova-De Oliveira Santos et al., 2001; Gerke
and Moss, 2002), is conserved among mammals, but not
conserved in ﬁsh. We further compared the relatedness
among these known channel catﬁsh annexin peptides.
Overall, they show a relatively low degree of homology
over the entire sequences. However, several important features for annexin functions are conserved in channel catﬁsh
(Fig. 1). First, the arginine residues in each repeat, crucial for the stabilization of the annexin tertiary structure
(Campos et al., 1999; Gerke and Moss, 2002), are conserved in all channel catﬁsh annexins. Second, the glutamic
acid residue in repeat 2 and arginine residue in repeat 4,
key components for putative Ca2+ channel functions (Moss
and Morgan, 2004), are conserved among channel catﬁsh
annexins. Third, the GXGT-(38 residues)-(D /E ) motif, a type
2 Ca2+ -binding site (Moss and Morgan, 2004), are conserved in repeat 2 of all channel catﬁsh annexins, but in
repeat 4 of annexin A4, A5, A6 and A11, and in repeat 1 of
annexin A4, A5 and A11.
To determine the phylogenetic relationships of channel catﬁsh annexins to other species, a total of 74 annexin
amino acid sequences were retrieved from the GenBank
database (Supplementary Table 1), and analyzed with
the Neighbor-Joining method in the MEGA 4.0 software
(Tamura et al., 2007) based on the ClustalW2 alignment
result to infer a phylogenetic tree. As shown in Fig. 2,
six well-segregated clads are observed, which is in agreement with the report for the zebraﬁsh annexin gene family
(Farber et al., 2003), i.e. annexin A1, A2, A4, A5, A6 and A11.
Further each clad shows that the teleost and mammalian
homologs form distinguishable subclusters supported by
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Fig. 3. Expression of annexin A1, A2, A4, A5, A6 and A11 transcripts in
channel catﬁsh tissues (n = 3). The sizes of the PCR ampliﬁed fragments
for annexin A1, A2, A4, A5, A6, A11 and ␤-actin were 312, 498, 384, 124,
486, 552 and 203 nucleotides, respectively. Lanes 1–18: annexin A4, A5
and A11; lanes 21–38: annexin A1 and A2; and lanes 41–58: annexin A6.
Spleen: lanes 1, 7, 13, 21, 27, 33, 41, 47 and 53; anterior kidney: lanes 2,
8, 14, 22, 28, 34, 42, 48 and 54; liver: lanes 3, 9, 15, 23, 29, 35, 43, 49 and
55; intestine: lanes 4, 10, 16, 24, 30, 36, 44, 50 and 56; skin: lanes 5, 11,
17, 25, 31, 37, 45, 51 and 57; and gill: lanes 6, 12, 18, 26, 32, 38, 46, 52 and
58. No template control: lanes 19, 39 and 59; and 100 bp GeneRuler MW
ladders (Fermentas Life Sciences, Glen Bernie, MD): lanes 20, 40 and 60.

the bootstrap analysis. Both frog and chicken are placed
between mammals and teleost ﬁsh (Fig. 2). However,
Farber et al. (2003) reported that zebraﬁsh has seven members in the annexin gene family. Among them, annexin
A1, A2 and A11 have two to three isoforms (Farber et al.,
2003). Whether channel catﬁsh has more annexins and/or
isoforms remains to be determined.
The expression proﬁle of channel catﬁsh annexins in
various tissues was determined using the two-step RT-PCR
assay. The PCR ampliﬁed fragments of annexin A1, A2, A4,
A5, A6, A11 and ␤-actin had 312, 498, 384, 124, 486, 552 and
203 nucleotides, respectively. As expected, the transcripts
of annexin A1, A4 and A6 were detected in all the tis-
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sues of ﬁsh examined (Fig. 3: annexin A1, 312 nucleotides,
lanes 21–38; A4, 384 nucleotides, lanes 1–18; and A6, 486
nucleotides, lanes 41–58). On the other hand, other annexin
transcripts were detected variously in tissues of ﬁsh sampled. For example, the 552-nucleotide fragment of annexin
A11 was present in gill of three ﬁsh, skin of two ﬁsh and
liver of one ﬁsh (Fig. 3, lanes 1–18). The reason that the
annexin A2, A5 and A11 transcripts were not consistently
detected in tissues is yet to be determined, but one possible explanation is that different cell types and numbers are
present in the tissues. Reactions without cDNA template
did not show ampliﬁcation (Fig. 3, lanes 19, 39 and 59).
In conclusion, based on sequence alignment and phylogenetic analyses, the six channel catﬁsh annexin cDNAs
were identiﬁed and characterized. These results provide
important information for further investigating the roles
of annexin functions in teleost ﬁsh, e.g. annexin A1 in bacterial infection. Also, search for additional channel catﬁsh
annexins is underway.
Acknowledgments
We are grateful to Mrs. Dorothy B. Moseley of the USDA
ARS Aquatic Animal Health Research Unit in Auburn, AL
for excellent technical support, and Dr. Brian E. Schefﬂer
and his Bioinformatics Group at the USDA ARS Genomics
and Bioinformatics Research Unit in Stoneville, MS for DNA
sequencing and bioinformatics.
This study was supported by the USDA Agricultural
Research Service CRIS project no. 6420-32000-024-00D.
Mention of trade names or commercial products in
this paper is solely for the purpose of providing speciﬁc information and does not imply recommendation or
endorsement by the U.S. Department of Agriculture.
Appendix A. Supplementary data
Supplementary data associated with this article can
be found, in the online version, at doi:10.1016/j.vetimm.
2010.02.013.
References
Abramoff, M.D., Magelhaes, P.J., Ram, S.J., 2004. Images processing with
ImageJ. Biophotonics Int. 11, 36–42.
Boersma, H.H., Kietselaer, B.L., Stolk, L.M., Bennaghmouch, A., Hofstra, L.,
Narula, J., Heidendal, G.A., Reutelingsperger, C.P., 2005. Past, present,
and future of annexin A5: from protein discovery to clinical applications. J. Nucl. Med. 46, 2035–2050.
Burgoyne, R.D., Clague, M.J., 1994. Annexins in the endocytic pathway.
Trends Biochem. Sci. 19, 231–232.
Campos, B., Wang, S., Retzinger, G.S., Kaetzel, M.A., Seaton, B.A., Karin,
N.J., Johnson, J.D., Dedman, J.R., 1999. Mutation of highly conserved
arginine residues disrupts the structure and function of annexin V.
Arch. Med. Res. 30, 360–367.
Chan, H.C., Kaetzel, M.A., Gotter, A.L., Dedman, J.R., Nelson, D.J., 1994.
Annexin IV inhibits calmodulin-dependent protein kinase II-activated
chloride conductance. A novel mechanism for ion channel regulation.
J. Biol. Chem. 269, 32464–32468.
Clark, D.M., Moss, S.E., Wright, N.A., Crumpton, M.J., 1991. Expression
of annexin VI (p68, 67 kDa-calelectrin) in normal human tissues:
evidence for developmental regulation in B- and T-lymphocytes. Histochemistry 96, 405–412.
D’Acquisto, F., Perretti, M., Flower, R.J., 2008. Annexin-A1: a pivotal regulator of the innate and adaptive immune systems. Br. J. Pharmacol.
155, 152–169.

Edwards, H.C., Moss, S.E., 1995. Functional and genetic analysis of annexin
VI. Mol. Cell. Biochem. 149/150, 293–299.
Farber, S.A., De Rose, R.A., Olson, E.S., Halpern, M.E., 2003. The zebraﬁsh
annexin gene family. Genome Res. 13, 1082–1096.
Frohman, M.A., Dush, M.K., Martin, G.R., 1988. Rapid production of fulllength cDNAs from rare transcripts: ampliﬁcation using a single
gene-speciﬁc oligonucleotide primer. Proc. Natl. Acad. Sci. U.S.A. 85,
8998–9002.
Fukuoka, S., Kern, H., Kazuki-Sugino, R., Ikeda, Y., 2002. Cloning and characterization of ZAP36, an annexin-like, zymogen granule membrane
associated protein, in exocrine pancreas. Biochim. Biophys. Acta 1575,
148–152.
Gasteiger, E., Hoogland, C., Gattiker, A., Duvaud, S., Wilkins, M.R., Appel,
R.D., Bairoch, A., 2005. Protein identiﬁcation and analysis tools on the
ExPASy server. In: John, M., Walker (Eds.), The Proteomics Protocols
Handbook. Humana Press, pp. 571–607.
Gerke, V., Moss, S.E., 2002. Annexins: from structure to function. Physiol.
Rev. 82, 331–371.
Gerke, V., Creutz, C.E., Moss, S.E., 2005. Annexins: linking Ca2+ signaling to
membrane dynamics. Nat. Rev. Mol. Cell. Biol. 6, 449–461.
Hannon, R., Croxtall, J.D., Getting, S.J., Roviezzo, F., Yona, S., Paul-Clark,
M.J., Gavins, F.N., Perretti, M., Morris, J.F., Buckingham, J.C., Flower,
R.J., 2003. Aberrant inﬂammation and resistance to glucocorticoids in
annexin 1−/− mouse. FASEB J. 17, 253–255.
Hawke, J.P., McWhorter, A.C., Steigerwalt, A.G., Brenner, D.J., 1981.
Edwardsiella ictaluri sp. nov. the causative agent of enteric septicemia
of catﬁsh. Int. J. Syst. Bacteriol. 31, 396–400.
Hayes, M.J., Longbottom, R.E., Evans, M.A., Moss, S.E., 2007. Annexinopathies. Subcell. Biochem. 45, 1–28.
Kaetzel, M.A., Chan, H.C., Dubinsky, W.P., Dedman, J.R., Nelson, D.J.,
1994. A role for annexin IV in epithelial cell function. Inhibition of
calcium-activated chloride conductance. J. Biol. Chem. 269, 5297–
5302.
Larkin, M.A., Blackshields, G., Brown, N.P., Chenna, R., McGettigan, P.A.,
McWilliam, H., Valentin, F., Wallace, I.M., Wilm, A., Lopez, R., Thompson, J.D., Gibson, T.J., Higgins, D.G., 2007. ClustalW and ClustalX version
2. Bioinformatics 23, 2947–2948.
Law, A.L., Ling, Q., Hajjar, K.A., Futter, C.E., Greenwood, J., Adamson, P.,
Wavre-Shapton, S.T., Moss, S.E., Hayes, M.J., 2009. Annexin A2 regulates phagocytosis of photoreceptor outer segments in the mouse
retina. Mol. Biol. Cell 20, 3896–3904.
Lim, C., Yildirim-Aksoy, M., Shelby, R., Li, M.H., Klesius, P.H., 2009. Growth
performance, vitamin E status, and proximate and fatty acid composition of channel catﬁsh, Ictalurus punctatus, fed diets containing
various levels of ﬁsh oil and vitamin E. Fish Physiol. Biochem.,
doi:10.1007/s10695-009-9360-4.
Lim, L.H., Pervaiz, S., 2007. Annexin 1: the new face of an old molecule.
FASEB J. 21, 968–975.
Ling, Q., Jacovina, A.T., Deora, A., Febbraio, M., Simantov, R., Silverstein,
R.L., Hempstead, B., Mark, W.H., Hajjar, K.A., 2004. Annexin II regulates
ﬁbrin homeostasis and neoangiogenesis in vivo. J. Clin. Invest. 113,
38–48.
Mortimer, J.C., Laohavisit, A., Macpherson, N., Webb, A., Brownlee, C., Battey, N.H., Davies, J.M., 2008. Annexins: multifunctional components
of growth and adaptation. J. Exp. Bot. 59, 533–544.
Moss, S.E., Morgan, R.O., 2004. The annexins. Genome Biol. 5, 219.
Nickum, J.G., Bart Jr., H.L., Bowser, P.R., Greer, I.E., Hubbs, C., Jenkins, J.A.,
MacMillan, J.R., Rachlin, J.W., Rose, J.D., Sorensen, P.W., Tomasso, J.R.,
2004. Guidelines for the use of ﬁshes in research. American Fisheries
Society, Bethesda, MD.
Perretti, M., D’Acquisto, F., 2009. Annexin A1 and glucocorticoids as effectors of the resolution of inﬂammation. Nat. Rev. Immunol. 9, 62–
70.
Perretti, M., Solito, E., 2004. Annexin 1 and neutrophil apoptosis. Biochem.
Soc. Trans. 32, 507–510.
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