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Abstract Toll-like receptors (TLRs) are a family of
transmembrane proteins that recognize specific pathogen-
associated molecular patterns and use conserved signaling
pathways to activate proinflammatory cytokines and type-1
interferons to fight infection. TLR3 in mammals is best
known for its recognition of dsRNA as ligand and its
MyD88-independent signaling. TLR3, upon recognition of
dsRNA, recruits and binds its adaptor protein TIR domain-
containing adapter molecule (TICAM) 1. Here we report
the genomic sequences and structures of TLR3 and a
TICAM adaptor from channel catfish (Ictalurus punctatus).
Whereas a partial TLR3 cDNA sequence has been reported
from channel catfish, and complete TLR3 genes are known
from other teleost fish species, a complete TICAM
sequence has not been previously reported from a non-
mammalian species. Analysis of catfish TLR3 and TICAM
expression after infection with Edwardsiella ictaluri, the
causative agent of enteric septicemia of catfish (ESC),
suggested a conserved TLR3-TICAM receptor–adaptor
relation in catfish. Comparison of TLR3 and TICAM
expression profiles in channel catfish with those from the
closely related blue catfish species (Ictalurus furcatus),

which exhibits strong resistance to ESC, revealed a striking
pattern of species-specific expression. A dramatic down-
regulation of TLR3 and TICAM gene expression was
observed in blue catfish head kidney and spleen, which
we speculate may be the result of maturation and migration
of different cell types to and from the lymphoid tissues
following infection.
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Introduction

Toll-like receptors (TLRs) are a family of transmembrane
proteins first discovered inDrosophila (Belvin and Anderson
1996; Medzhitov et al. 1997). TLRs recognize pathogen-
associated molecular patterns (PAMPs; Medzhitov and
Janeway 2000) and use conserved signaling pathways to
activate proinflammatory cytokines and type-1 interferons
to fight infection (reviewed by Ishii et al. 2005; Tosi
2005). TLRs are characterized by the presence of a Toll/
interleukin (IL) 1 receptor (TIR) domain in their cytoplas-
mic portion and a leucine-rich repeat (LRR) domain in
their extracellular portion (Akira and Takeda 2004). At
least 11 TLRs have been identified to date from mammals;
TLR3 and TLR4 are the most thoroughly characterized
family members. Roach et al. (2005), in their study of the
evolution of vertebrate TLRs, identified six major sub-
families of TLRs, each recognizing a general class of
PAMPs. Under this classification, individual TLRs recog-
nize lipopeptides (TLR2), dsRNA (TLR3), lipopolysac-
charide (LPS, TLR4), flagellin (TLR5), and nucleic acid
and heme motifs (TLR7–9) (Roach et al. 2005). However,
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continuing functional studies indicate that TLR PAMP
recognition can differ considerably among host and
pathogen species (Ishii et al. 2005; Baoprasertkul et al. 2006).

Toll-like receptors, upon recognition of microbial
PAMPs, recruit and bind adaptor proteins to their TIR
domains in the cytoplasm. These adaptor proteins appear to
add another level of specificity to the host defense. Five
TIR adaptor proteins have been identified from mammalian
species (reviewed by O’Neill et al. 2003): a myeloid
differentiation protein named MyD88; MAL (MyD88-
adaptor-like protein or TIRAP); TRIF [TIR-domain-con-
taining adaptor-inducing interferon (IFN) β] or TICAM-1
(TIR-domain-containing adapter molecule 1); TRAM
(TRIF-related adaptor protein) or TICAM-2; and SARM
(sterile α and HEAT-Armadillo motifs). All TLRs except
TLR3 and TLR4 have been shown to require MyD88 for
effective downstream signaling, allowing one to divide the
TLR family between MyD88-dependent and MyD88-
independent members (Ishii et al. 2005). More specifically,
TLR4 can activate distinct MyD88-dependent and MyD88-
independent pathways. Both TLR3 and TLR4 induce the
activation of the IFN-β promoter, a function unimpaired by
the knockdown of MyD88 (Takeda et al. 2003). The
existence of MyD88-independent pathways for TLR3 and
TLR4 predicted that additional TIR adaptors were yet to be
discovered (O’Neill et al. 2003; Seya et al. 2005). Searches
of sequences with TIR domains by Yamamoto et al. (2002)
and use of the TIR domain of TLR3 as bait in a yeast two-
hybrid experiment (Oshiumi et al. 2003a) both identified
TICAM-1 or TRIF as the adaptor protein of TLR3
responsible for a powerful downstream induction of IFN-
β. Subsequent studies by Oshiumi et al. (2003b) found an
additional TIR adaptor, TICAM-2 (or TRAM), which was
needed to bridge TLR4 and TICAM-1 in the TLR4 MyD88-
independent signaling pathway (Fitzgerald et al. 2003).

The identification of TLR3 and elucidation of its dsRNA
ligand recognition profile and signaling in mammalian
species (Alexopoulou et al. 2001; Matsumoto et al. 2002)
have been followed by identification and characterization of
homologs in several teleost species, including zebrafish
(Danio rerio) (Meijer et al. 2004; Jault et al. 2004; Phelan
et al. 2005), fugu (Takifugu rubripes) (Oshiumi et al.
2003c), channel catfish and hybrid catfish (Ictalurus sp.)
(Bilodeau and Waldbieser 2005; Bilodeau et al. 2006;
Peterson et al. 2005), and rainbow trout (Oncorhynchus
mykiss) (Rodriguez et al. 2005). In the case of catfish, only
partial cDNA sequences have been identified. Whereas the
TIR adaptor of TLR3, TICAM-1, has been reported to be
present in draft fish genomes based on in silico searches
(Jault et al. 2004; Meijer et al. 2004; Iliev et al. 2005), only
a short partial cDNA sequence of TICAM-1 from zebrafish
has been reported (AY389465). The genomic sequence and
structure of TICAM genes in lower vertebrates and their

phylogenetic relations with mammalian TICAM proteins
remain unknown. Therefore, we have identified and
characterized here the cDNA and genomic sequences of
both TLR3 and a TICAM adaptor in channel catfish
(Ictalurus punctatus), the primary aquaculture species in
the USA. Additionally, we have mapped these two genes to
clones of the catfish BAC library, conducted BAC-based
Southern blots to determine genomic copy numbers,
assessed their conservation through sequence and phyloge-
netic analysis, examined their expression patterns in various
healthy tissues, and compared expression patterns after
infection with Edwardsiella ictaluri, the causative agent of
enteric septicemia of catfish (ESC), in susceptible (channel)
and resistant (blue) catfish (Ictalurus furcatus).

Materials and methods

Identification of catfish TICAM and TLR3

Two channel catfish ESTs (AUF_IpOva_20_g04 and
AUF_IpOva_18_i01), generated in a recent expressed
sequence tag (EST) sequencing project, were identified by
BLASTX analysis as sharing highest identities with
mammalian TICAM sequences. The complete sequences
were obtained by primer walking sequencing. A partial
catfish cDNA of TLR3 (AY741552) was obtained by
tBLASTn search against the est_others database of the
National Center for Biotechnology Information (NCBI)
using human TLR3 as the query. Overgo primers were then
designed to screen a BAC library for the identification of
TLR3-containing BAC clones.

BAC library screening, genomic sequencing,
and sequence analysis

Overlapping oligonucleotide probes or overgos based on
the catfish TLR3 and TICAM cDNA sequences were used
for screening channel catfish CHORI 212 BAC library.
Two 24-base-long oligonucleotide primers were synthe-
sized such that they had an 8-bp complementary region at
their 3′ end. Upon mixing the two primers, they base-pair to
form a complex structure that can be filled in with
radioactively labeled nucleotides. High-density BAC filters
containing CHORI212 BAC library were purchased from
Children’s Hospital of the Oakland Research Institute
(CHORI, Oakland, CA, USA). Overgo hybridization was
conducted according to methods of a Web protocol (http://
www.tree.caltech.edu/) with modifications (Baoprasertkul
et al. 2005; Wang et al. 2006a; Bao et al. 2006). Briefly,
overgo primers were purchased from Sigma Genosys
(Woodlands, TX, USA) then labeled with 32P-deoxyadeno-
sine triphosphate (dATP) and 32P-deoxycytidine triphos-
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phate (dCTP) (Amersham, Piscataway, NJ, USA) in 10 mg/
ml bovine serum albumin (BSA), overgo labeling reaction
1X buffer (Ross et al. 1999), and incubated for 1 h at room
temperature with Klenow polymerase (Invitrogen, Carlsbad,
CA, USA). Sequences of primers and probes used in this
study are given in Table S1 in the supplementary informa-
tion. Sephadex G50 spin columns were used to remove
unincorporated nucleotides. Probes were denatured at 95°C
for 10 min and added into hybridization tubes that had been
under prehybridization for 2 h with the hybridization
solution. The filters were hybridized at 50°C for 18 h in
50 ml hybridization solution (1% BSA, 1 mM EDTA at
pH 8.0, 7% sodium dodecyl sulfate (SDS), 0.5 M sodium
phosphate, pH 7.2). The filters were washed at room
temperature and exposed to X-ray film at −80°C for 24 h.
Positive clones were identified according to the clone
distribution pattern from CHORI. Positive clones were
picked and cultured in 2X YT medium. After overnight
culture, BAC DNA was isolated using a Perfectprep BAC
96 BAC DNA isolation kit (Brinkmann Instruments, Inc.,
Westbury, NY, USA).

A single BAC clone from catfish TLR3 (146-B23) and
from TICAM (25-I2) was sequenced using primer-walking
methods. Fourteen picomoles of each primer was used for
sequencing reactions. BAC sequencing was performed in a
10-μl reaction using the BigDye Terminator v3.0 Ready
Reaction kit (Applied Biosystems, Foster City, CA, USA)
following manufacturer’s instructions and sequenced using
an ABI 3130 automated DNA sequencer. BLAST searches
were conducted to determine gene identities. The DNAS
TAR software package was used for sequence analysis.
MegAlign program of the DNASTAR package was used for
sequence alignment of TLR3 and TICAM TIR domain
using ClustalW (Serapion et al. 2004). NCBI’s Spidey
program was used for alignment of genomic and cDNA
sequences.

5′-RACE of TLR3 and 3′-RACE of TICAM

For catfish TLR3, the identified clone contained the poly-A
tail but was incomplete at the 5′ end. Therefore, 5′ RLM–
RACE (RNA ligase-mediated rapid amplification of 5′
cDNA ends) was conducted using a GeneRACER kit with
SuperScript III reverse transcriptase (RT) from Invitrogen.
5′ RLM–RACE reaction was performed following manu-
facturer’s instructions. 5′ RLM–RACE products were
separated by electrophoresis using 1% agarose gel and
purified by using S.N.A.P. columns provided with the kit.
The purified polymerase chain reaction (PCR) product was
cloned into a TOPO TA cloning kit vector (Invitrogen) and
sequenced using an ABI 3130 automated DNA sequencer.

3′ RLM–RACE (RNA ligase-mediated rapid amplifica-
tion of 3′ cDNA ends) was conducted to obtain the

complete poly-A tail of catfish TICAM cDNA, and the
amplified fragment was cloned and sequenced as described
for the 5′-RACE product.

Southern blot analysis

To characterize the gene copy number of catfish TLR3 and
TICAM, Southern blot analysis was conducted using all
BAC clones identified to contain the genes. BAC DNAwas
first digested with restriction endonuclease EcoRI and
HindIII separately and electrophoresed on a 0.8% agarose
gel. The DNA was transferred to a piece of Immobilon
nylon membrane (Millipore, Bedford, MA, USA) by
capillary transfer with 0.4 M NaOH overnight. DNA was
fixed to the membrane by UV cross-linking using a UV
Stratalinker 2400 (Stratagene, La Jolla, CA, USA) with the
auto cross-link function. The membrane was washed in
0.5% SDS (w/v) at 65°C for 15 min and then prehybridized
in 50% formamide, 5× SSC (Sambrook et al. 1989), 0.1%
SDS (w/v), 5× Denhardt’s, and 100 μg/ml sonicated and
denatured Atlantic salmon sperm DNA (100 μg/ml)
overnight. Hybridization was conducted overnight at 42°C
in the same solution with appropriate probes added. The
cDNAwas used as the probe. The probe was prepared using
the random primer labeling method (Sambrook et al. 1989)
with a labeling kit from Roche Diagnostics (Indianapolis,
IN, USA) and 32P-dCTP. The nylon membranes were
washed first in 500 ml of 2× SSC for 10 min, followed by
three washes in 0.2× SSC with SDS at 0.2% (w/v) at 65°C
for 15 min each. In BAC-based Southern analysis, if the
clones represent a single copy, the same hybridization
pattern would be expected. If the clones represent different
genomic copies (more than one gene) they will exhibit
variations in the hybridization pattern with the rare
exception of clones harboring the gene of interest at the
end of their insert.

Phylogenetic analysis

The relevant sequences of TLR3 and TICAM were
retrieved from GenBank for multiple amino acid sequence
alignments using ClustalW. Phylogenetic trees were drawn
by the minimum evolution method (Rzhetsky and Nei
1992) within the Molecular Evolutionary Genetics Analysis
(MEGA 3.0) package (Kumar et al. 2004). Data were
analyzed using Poisson correction, and gaps were removed
by complete deletion. The topological stability of the trees
was evaluated by 1,000 bootstrapping replications.

Fish rearing and bacterial challenge

Challenge experiments were conducted as previously
described with modifications (Baoprasertkul et al. 2004;
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Chen et al. 2005). Briefly, the catfish were challenged in a
rectangular tank by immersion exposure for 2 h with freshly
prepared culture of ESC bacteria, E. ictaluri. One single
colony of E. ictaluri was isolated from a natural outbreak in
Alabama (outbreak number ALG-02-414), inoculated into
brain-heart infusion (BHI) medium, and incubated in a
shaker incubator at 28°C overnight. At the time of
challenge, the bacterial culture was added to the tank to a
concentration of 3×107 colony-forming units (CFUs)/ml.
During challenge, an oxygen tank was used to ensure a
dissolved oxygen concentration above 5 mg/l. After 2 h of
immersion exposure, 15 fish were randomly taken and
placed into a rectangular trough containing pond water with
constant water flow through. Replicates of troughs were
used to provide one trough for each sampling time point.
For the control fish, 15 fish were incubated in a separate
rectangular tank with the same fish density as the challenge
tanks. The only difference was that ESC bacteria were not
added. After 2 h, these control fish were incubated in a
separate trough at the same density as the challenged fish.

Tissue sampling and RNA extraction

Eleven tissues were collected from healthy channel catfish,
including head kidney, spleen, intestine, stomach, skin,
muscle, liver, trunk kidney, ovary, brain, and gill. Head
kidney and spleen were collected from challenged fish.
Samples were collected from ten fish at each time point,
including control (before challenge), 4, 24, and 72 h after
challenge. Samples were also collected from dying fish
during a period between days 4 and 7 after challenge.
Moribund fish still had opercular movements, but had lost
equilibrium in the water. The experimental fish were
euthanized with tricaine methanesulfonate (MS 222) at
100 mg/l before tissues were collected. Samples of each
tissue from ten fish were pooled to provide sufficient tissue
samples for expression analysis. To obtain samples repre-
senting the average of the ten fish, the pooled tissue
samples were ground with a mortar/pestle to fine powders
and thoroughly mixed. A fraction of the mixed tissue
samples was used for RNA isolation. RNA was isolated
following the guanidium thiocyanate method (Chomczynski
and Sacchi 1987) using the Trizol reagent kit from
Invitrogen following manufacturer’s instructions.

RT-PCR and quantitative real-time PCR analysis

RT-PCR reactions were conducted by two-step RT-PCR
using M-MuLV RT (New England Biolabs, Ipswich, MA,
USA). RT reactions were conducted in 40-μl reactions
containing 4 μg DNase-I-treated RNA, 4 μl (40 uM) oligo
dT primers, 8 μl (2.5 mM each) deoxynucleoside triphos-
phates (dNTPs), 1 μl RNase inhibitor, 1× RT reaction

buffer, and 200 U RT. Detailed procedures followed the
instructions of the manufacturer. After RT reaction, 1 μl of
the RT products was used as a template for PCR using
JumpStart Taq polymerase (Sigma, St. Louis, MO, USA).
The reactions also included the gene-specific primers and
primers of β-actin serving as an internal control. The
reactions were completed in a thermocycler with the
following thermoprofiles: denaturation at 94°C for 2 min
followed by 38 cycles of 94°C for 30 s, 58°C for 30 s, and
72°C for 1 min. Upon the completion of PCR, the reaction
was incubated at 72°C for an additional 10 min. The RT-
PCR products were analyzed by electrophoresis on a 1.0 %
agarose gel and documented with a gel documentation
system (Nucleotech Corp., San Mateo, CA, USA).

Quantitative real-time RT-PCR (QRT-PCR) using a
LightCycler (Roche) was carried out to validate the results
obtained by standard RT-PCR. Concentration and quality of
total RNA from each tissue were determined by spectro-
photometry (optical density, 260/280 ratio) and electropho-
resis. One-step QRT-PCR was carried out in the
LightCycler using a Fast Start RNA Master SYBR Green
I reagents kit (Roche) following manufacturer’s instructions
with modifications as previously described (Baoprasertkul
et al. 2004). For head kidney tissue from the challenge,
relative expression ratios were obtained by normalizing the
expression of the target gene, as determined by mean
crossing-point deviation, by that of a nonregulated refer-
ence gene, β-actin, using the Relative Expression Software
Tool 384 v. 1 (REST) developed by Pfaffl et al. (2002;
http://www.wzw.tum.de/gene-quantification/). Each reac-
tion was carried out in triplicate. Expression ratio results
were tested for significance by a randomization test built
into the software. All ratios are relative to expression of the
gene in 0 h (control) RNA samples. For comparison of
healthy tissue expression profiles, standard curves from
tenfold dilutions of each of the plasmid DNAs were
constructed as previously described and included in each
run (Baoprasertkul et al. 2004). Copy numbers for each
reaction were calculated by the LightCycler software, and
the values were normalized to their corresponding β-actin
values to obtain relative copy numbers.

Results

Identification of TICAM and TLR3 from channel catfish

Two channel catfish ESTs sharing highest BLASTX
identities with TICAM sequences from mammalian species
were identified through analysis of catfish ESTs (Ju et al.
2000; Cao et al. 2001; Karsi et al. 2002; Kocabas et al.
2002). A complete 3′ cDNA sequence was obtained
through 3′ RACE. An overgo probe designed from the
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cDNA sequence was used to screen the catfish BAC library,
resulting in 15 positive BAC clones (Table S2). A fragment
of 6,290 bp was sequenced by primer walking on BAC 25–
I02. BLAST analysis of the genomic sequence against
catfish ESTs in NCBI’s dbEST revealed a third catfish EST
which spanned the 5′ untranslated region (UTR) and 5′
coding region of the catfish TICAM cDNA. Extension of
the sequence contained in this clone (AUA_IpOva00065)
allowed the formation of a cDNA contig with the
previously identified catfish ESTs of 2,763 bp.

An overgo probe design based on a previously submitted
partial cDNA sequence of catfish TLR3 (AY741552;
Bilodeau and Waldbieser 2005) was used to screen the
catfish BAC library. A total of 13 positive BAC clones
were identified (Table S2). A fragment of 6,530 bp was
obtained through primer walking on BAC 146-B23. The 5′
UTR of TLR3 was obtained by 5′ RACE. The putative
catfish TLR3 cDNA consisted of 3,375 bp.

Sequence and structural analysis of the TICAM and TLR3
genes of channel catfish

The channel catfish TICAM cDNA and gene were
completely sequenced and deposited to the GenBank with
accession numbers DQ423777 and DQ423778. The ge-
nomic structure of the catfish TICAM gene was determined
by comparing the cDNA and genomic sequences. Catfish
TICAM encodes a putative peptide of 520 amino acids
within a single coding exon. A small noncoding exon
contains a portion of the 5′ UTR (Fig. 1). A microsatellite
sequence (TG)28 was detected in the upstream genomic
region that should be useful for genetic mapping of the
TICAM gene to linkage maps. The same structural
arrangement as catfish TICAM occurs in human isoform 2
of TICAM-1 and in murine TICAM-1. Human isoform 1 of
TICAM-1 is a transcript variant with an alternative start

codon and alternative splicing when compared with isoform
2. The important TIR domain, however, does not differ
between the two isoforms. TICAM-2 in humans encodes a
considerably smaller protein of only 232 amino acids in a
single coding exon. Sequence conservation between species
outside of the TIR domain of TICAM genes is low, and the
size of the coding exon appears to vary considerably.
TICAM-like sequences identified by BLAST searches in
several species of fish (D. rerio, T. rubripes, Tetraodon
nigroviridis) and the frog (Xenopus tropicalis) and chicken
(Gallus gallus) encode proteins of approximately 450 to
550 amino acids.

A multiple sequence alignment of the TIR domains of
the TICAM genes revealed high levels of similarity between
all sequences (Fig. 2). A close examination indicated that
fish TICAM sequences share some domain residues with
mammalian TICAM-1 and others with mammalian
TICAM-2. In fact, despite higher BLASTX identity with
TICAM-1 sequences and a protein length more similar to
mammalian TICAM-1, catfish TICAM shared 26% full-
length amino acid sequence identity with human TICAM-2
compared with only 18% with human TICAM-1. Similar
results were obtained in comparison to murine TICAM-1
and TICAM-2, raising interesting questions as to the
phylogenetic relations of the vertebrate TICAM genes (see
“Results” and “Discussion” below).

The channel catfish TLR3 cDNA and gene were
completely sequenced and deposited to the GenBank with
accession numbers DQ423775 and DQ423776. The TLR3
gene from channel catfish encodes a putative peptide of 905
amino acids in four coding exons (Fig. 3). A small
noncoding exon contains a portion of the 5′ UTR as in
catfish TICAM. Two microsatellites, potentially useful for
future genetic mapping, were detected in the 3′ UTR and
downstream genomic region, a (TA)8 at 5380 bp and an
(AC)8 at 5871 bp. Structural gene patterns and exon sizes
are far more conserved in TLR3 than in TICAM genes. The

82                                              123                     1563                 981 

887

Mouse TICAM-1 

13,097 

81 

                        *               134                                   2199                                     454 

                       50              61                708                                      1897 

Catfish TICAM 

 95             139                                             2139                                      309 

                            6*                              1480                          161 

Human TICAM-1 isoform 2 

Human TICAM-1 isoform 1 

Human TICAM-2 
20,781 

Fig. 1 A comparison of
TICAM-1 and TICAM-2 ge-
nomic structure and organization
from catfish, human, and mouse.
Exons are represented by boxes;
solid boxes represent the coding
region of the gene; white boxes
represent 5′-UTR and 3′-UTR.
Their sizes in base pairs are
shown on the top of the boxes.
Introns are represented by a line,
and the size is shown below the
line. *The length and structure
of a complete 5′ UTR has not
been reported
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four coding exons observed in channel catfish TLR3
concurred with previous reports from zebrafish, rainbow
trout, and human, as did the presence of a noncoding exon
containing a portion of the 5′ UTR. Exon sizes varied little
among the vertebrate TLR3 genes (Fig. 3).

A multiple sequence alignment of the TIR domains of
the TLR3 genes indicated high levels of amino acid
sequence conservation (Fig. 4). Catfish TLR3 shared the
highest percentage of identities with zebrafish (72.1%) and
lowest with humans (51.4%) within the TIR domain.
Percentage of identities shared with catfish in the less
conserved full sequence ranged from 62.2 to 45.2% in
zebrafish and humans, respectively. A comparison of the

LRR distribution and the distribution of predicted N-linked
glycosylation sites was made with human TLR3 for which
the crystal structure is known (Choe et al. 2005; Bell et al.
2005). Both groups identified 23 LRRs in human TLR3 in
addition to an N-terminal capping motif (LRR-NT) and a
C-terminal cap (LRR-CT). This repeat structure appears
well conserved in catfish, with all 23 LRRs and both caps
easily identifiable (not shown). Bell et al. (2005) addition-
ally reported four pairs of cysteine residues that form
disulfide bonds, all of which are present in the catfish TLR3
gene. We identified 13 potential sites for N-linked gly-
cosylation, and eight of these align with positions observed
to be glycosylated in human TLR3 (Bell et al. 2005).

Fig. 2 Alignment of the catfish TICAM TIR domain with those of zebrafish, fugu, Tetraodon, Xenopus, and chicken, as well as with the TIR
domain of TICAM-1 and TICAM-2 genes from mouse and human
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Phylogenetic analysis of catfish TICAM and TLR3

To assess the evolutionary relations among vertebrate
TICAM and TLR3 genes, phylogenetic analysis was con-
ducted using the minimum evolution method. Catfish
TICAM was analyzed in the context of predicted TICAM
sequences from zebrafish, fugu, T. nigroviridis, X. tropica-
lis, and G. gallus along with published mouse and human
TICAM-1 and TICAM-2 sequences. All fish TICAM
sequences formed a distinct clade, with tighter subclades
between catfish and zebrafish and fugu and Tetraodon

(Fig. 5). The Xenopus and chicken TICAM sequences were
included in the clade of mammalian TICAM-1 sequences.
Fish TICAM sequences grouped with mammalian TICAM-
1 sequences; however, bootstrapping support was incon-
clusive, giving a value of 47 on the connecting branch.
Mammalian TICAM-2 sequences formed their own distinct
clade.

Catfish TLR3, analyzed along with TLR3 sequences
from Tetraodon, fugu, rainbow trout, zebrafish, mouse, and
human, was grouped strongly into a subclade with zebrafish
TLR3. Fish and mammalian TLR3 sequences fell into

53           49 438           195                       1857               228  534  

150           40  441         197                 1847              228 189

      239                 492            1203                             275

94           7  441             192                  1853               229  225

Catfish TLR3 

Zebrafish TLR3 

Human TLR3 

947                431         502                           252

7364               1779          3288                            472

Trout TLR3 

131      26  460      197            1852                     223       1785                   66 

353           299     139                           998                                    847 

Fig. 3 A comparison of TLR3
genomic structure and organiza-
tion from catfish, zebrafish,
trout, and human. Exons are
represented by boxes; solid box-
es represent the coding region of
the gene; white boxes represent
5′-UTR and 3′-UTR. Their sizes
in base pairs are shown on the
top of the boxes. Introns are
represented by a line, and the
size is shown below the line

Fig. 4 Alignment of the catfish TLR3 TIR domain with those of zebrafish, trout, fugu, Tetraodon, mouse, and human genes
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distinct clades but were clustered together based on
outgroup analysis with human TLR4 (Fig. 6).

Copy numbers of TICAM and TLR3 in catfish

Fifteen and 13 BAC clones of the catfish BAC library were
positive by overgo hybridization for TICAM and TLR3,
respectively (Table S2). To determine the copy numbers of
the TICAM and TLR3 genes in the channel catfish genome,
BAC DNA from the positive clones was isolated and
subjected to Southern blot analysis after digestion with
EcoRI and HindIII. As shown in Figs. 7 and 8, a single
restriction pattern was observed with all BAC clones for
both restriction enzymes in both TICAM and TLR3,
indicating the existence of a single copy of each gene in
the channel catfish genome. Faint bands in lane 10 of Fig. 7
were the result of a low concentration of isolated BAC
DNA. The BAC-based Southern blot analysis was consis-
tent with previous reports of a single copy of TLR3 in fugu
(Oshiumi et al. 2003c), zebrafish (Meijer et al. 2004; Jault
et al. 2004; Phelan et al. 2005), and rainbow trout
(Rodriguez et al. 2005), as well as in mammalian species.

TICAM and TLR3 expression in healthy and infected
tissues of blue and channel catfish

Quantitative real-time PCR analysis using total RNA from
various healthy tissues of channel catfish indicated that
catfish TICAM was expressed in all tested tissues.
However, expression levels differed noticeably among the
tissues, with expression highest in the ovary (Fig. 9a).
TLR3 was also ubiquitously expressed, albeit at different
levels. Highest expression of catfish TLR3 was found in the
liver and muscle (Fig. 9b).

To assess the potential involvement of catfish TICAM
and TLR3 during bacterial infection in catfish, RT-PCR was
conducted using RNA isolated from the head kidney and
spleen of blue and channel catfish at several time points
after challenge with E. ictaluri, the causative agent of ESC.
Channel catfish are highly susceptible to ESC infection,
whereas blue catfish are resistant (Wolters et al. 1996).
Drastically different expression profiles of TICAM and
TLR3 were observed between channel and blue catfish,
whereas the expression profiles of the two genes within
each species were strikingly similar (Fig. 10a,b). TICAM
expression in the head kidney of channel catfish was not
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Fig. 5 Phylogenetic analysis of catfish TICAM. The phylogenetic
tree was drawn from ClustalW-generated multiple sequence alignment
of amino acid sequences using the minimum evolution method within
the MEGA (3.0) package. Data were analyzed using Poisson cor-
rection, and gaps were removed by complete deletion. The topological
stability of the neighbor-joining trees was evaluated by 1,000 boot-
strapping replications, and the bootstrapping values are indicated by
numbers at the nodes. The sequences and their GenBank accession
numbers or the genomic scaffolds from Ensembl containing TICAM

sequences used are the following: catfish (DQ423777), fugu (FUGU4:
scaffold_73), tetraodon (Tetraodon7: SCAF14992), zebrafish
(Zv5_NA690), Xenopus (JGI4:scaffold_79), chicken (WASHUC1:28),
mouse TICAM-1 (NP_778154), human TICAM-1 isoform 2
(NP_891549, Human TICAM-1 isoform 1 (NP_055076), human
TICAM-2 (NP_067681), Mouse TICAM-2 (NP_775570), and human
TLR4 (CAD99157) were used as an outgroup to root the phylogenetic
tree
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noticeably altered after infection with ESC. Similarly,
TLR3 expression in channel catfish head kidney did not
appear to change considerably relative to the 0-h control,
with the possible exception of the time point at 4 h after
infection. In contrast, TICAM and TLR3 expression in the
head kidney of blue catfish appeared to be drastically
downregulated as early as 4 h postinfection. The faint bands
of the gene products in head kidney made it somewhat
difficult to judge the extent of this downregulation at 4 h.
No bands were visible for either TLR3 or TICAM after the
4 h in head kidney of blue catfish.

Expression patterns of TICAM and TLR3 also showed
similarities in infected spleen samples within each catfish
species (Fig. 10a,b). In channel catfish, expression of
TICAM appeared to decrease relative to the 0-h control

starting at 4 h postinfection, with the lowest expression
detected at 72 h postinfection. Higher expression levels
were detected in moribund fish. A similar pattern of
downregulation was evident for TLR3 in channel catfish
spleen. No expression of the TLR3 transcript can be
detected at 72 h, whereas a faint band can be seen in
moribund fish. Although TICAM and TLR3 also appeared
to be downregulated in the spleen of blue catfish, the
pattern was more abrupt than in channel catfish. No
expression of TICAM can be detected in spleen for any
time points after the challenge. TLR3 expression decreased
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 Trout TLR3

 Catfish TLR3
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 Mouse TLR3
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Fig. 6 Phylogenetic analysis of catfish TLR3. The phylogenetic tree
was drawn from ClustalW-generated multiple sequence alignment of
amino acid sequences using the minimum evolution method within the
MEGA (3.0) package. Data were analyzed using Poisson correction,
and gaps were removed by complete deletion. The topological
stability of the neighbor-joining trees was evaluated by 1,000
bootstrapping replications, and the bootstrapping values are indicated

by numbers at the nodes. The sequences and their GenBank accession
numbers used are the following: catfish TLR3 (DQ423775), fugu
TLR3 (AAW69373), tetraodon TLR3 (CAF96592), trout TLR3
(AAX68425), zebrafish TLR3 (NP_001013287), human TLR3
(NP_003256), mouse TLR3 (NP_569054), and human TLR4
(CAD99157) was used as an outgroup to root the phylogenetic tree

Fig. 7 Southern blot analysis of catfish TICAM using positive BAC
clones. BAC DNAs were digested with EcoRI and HindIII, electro-
phoresed through a 0.8% agarose gel, transferred to nylon membrane,
and hybridized to the TICAM cDNA probe. Lanes 1–15 contained
BAC DNA from 15 different BAC clones (Table S2). Only one
pattern was observed, suggesting a single copy of the TLR3 gene in
the catfish genome

Fig. 8 Southern blot analysis of catfish TLR3 using positive BAC
clones. BAC DNAs were digested with EcoRI and HindIII, electro-
phoresed through a 0.8% agarose gel, transferred to nylon membrane,
and hybridized to the TLR3 cDNA probe. Lanes 1–13 contained BAC
DNA from 13 different BAC clones (Table S2). Only one pattern was
observed, suggesting a single copy of the TLR3 gene in the catfish
genome. For lanes 1 and 7, the gene was found to be at the end of the
BAC insert
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relative to the control sample at 4 h and was not observed in
the other time points.

To validate the dramatic downregulation of TLR3 and
TICAM observed following bacterial infection and quantify
the striking differences in expression profiles between blue

and channel catfish (particularly in head kidney) observed
in the RT-PCR results, we conducted quantitative real-time
PCR using the head kidney samples. Results confirmed the
patterns observed from RT-PCR (Fig. 11). Expression
changes after infection in channel catfish were small (most
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Fig. 9 Real-time PCR analysis
of channel catfish TICAM (a)
and TLR3 (b) mRNA expres-
sion in various healthy tissues:
head kidney (Hdk); spleen
(Spn); intestine (Int); stomach
(Sto); skin (Skn); muscle (Msl);
liver (Lvr); trunk kidney (Trk);
ovary (Ova); and gill (Gil).
Copy number was normalized to
β-actin expression levels. Data
are presented on a logarithmic
scale

Fig. 10 RT-PCR analysis of
catfish TICAM (a) and TLR3
(b) mRNA expression after
bacterial challenge with
Edwardsiella ictaluri. RT-PCR
products were analyzed on
agarose gels. M is 100 bp
molecular weight marker. Sam-
ples of head kidney and
spleen were collected at differ-
ent time points: control (0 h), 4,
24, and 72 h after challenge,
and moribund fish (D). Channel
catfish samples are shown in
the left panel, and blue catfish
samples are shown in the right
panel. The positions of the
RT-PCR amplified bands of
β-actin and TICAM or TLR3
are indicated on the right margin
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less than twofold) and statistically insignificant. In contrast,
expression changes in blue catfish for TICAM and TLR3
following infection were large and significant, and indicat-
ed an overall shutdown of gene expression. For example,
TICAM was downregulated 324-fold relative to control
(p=0.014; Fig. 11).

Discussion

In the present study, we have characterized the genomic
structures of TLR3 and TICAM adaptor genes in channel
catfish. Although a partial TLR3 cDNA sequence has been
reported from channel catfish, and complete TLR3 genes
are known from other teleost fish species, a complete
TICAM sequence has not been reported from a non-
mammalian species. As a putative adaptor molecule of
catfish TLR3, catfish TICAM likely represents an important
component of the innate immune response to microbial
pathogens. We have analyzed catfish TLR3 and TICAM
expression together, therefore, to determine whether their
expression patterns are suggestive of a conservation of the
close receptor–adaptor relation seen in orthologous genes in

mammals. Furthermore, we have compared their expression
patterns in channel catfish with those from the closely
related blue catfish species (I. furcatus), which exhibit
greater resistance to the Gram-negative bacterium E.
ictaluri. The results suggested a conserved TLR3–TICAM
relation in catfish and revealed a striking pattern of species-
specific expression potentially linked to disease resistance.

Catfish TLR3 and TICAM differed noticeably in their
conservation of gene sequence and structure. Although the
TIR domain of both genes can be readily identified because
of its high conservation, the regions outside this domain in
TICAM are highly variable. These regions in human
TICAM are proline-rich, including an eight-residue poly-
proline track. In fact, hepatitis C virus has been reported to
evade the TLR3/TICAM-1 signaling pathways by proteol-
ysis of TICAM-1 within these proline-rich tracks (Ferreon
et al. 2005). The proline content of murine TICAM,
however, is significantly less, and high proline content
was not observed in catfish TICAM. Outside the TICAM
TIR domain, crucial for binding to the TIR domain of the
TLR, there appears to have been little evolutionary pressure
for structural conservation among vertebrate species.
Protein length varies considerably. Catfish TICAM encodes
520 amino acids, whereas TICAM-1 in human and mouse
are over 700 amino acids in length. A shorter human
isoform encodes 546 amino acids (Fig. 1). TICAM
sequences identified from the genomes of fish species,
frog, and chicken by BLAST encode proteins of 450 to 550
amino acids. Catfish TLR3 sequence and structure (Fig. 3),
on the other hand, showed little variation with reports from
other vertebrate species.

The relation of catfish TICAM with mammalian
TICAM-1 and TICAM-2 genes was examined. Initial
results from BLASTX searches, and the longer length of
catfish TICAM when compared with mammalian TICAM-
2, supported naming the gene catfish TICAM-1. However,
a comparison of amino acid identities within the TIR
domain (Fig. 2) revealed a slightly closer similarity with
TICAM-2. Others have reported finding TICAM-1 by in
silico searches of teleost fish genomes, but a full sequence
was not reported (Jault et al. 2004; Meijer et al. 2004; Iliev
et al. 2005). When we conducted tBLASTn searches with
human TICAM-1 as a query within the Ensembl (v. 37)
server, a single genome region was hit for D. rerio, T.
nigroviridis, and T. rubripes, as well as the frog (X.
tropicalis) and chicken (G. gallus). A single long open
reading frame (ORF) containing a TICAM-1-like gene
was present in all species with the exception of chicken,
which had a long run of “N”s within its sequence. Chicken
ESTs present in NCBI’s dbEST were used to span the area
of unfinished sequence in the genome. Start codons were
predicted based on the mammalian TICAM-1 hits of
BLASTX searches. We concur with Iliev et al. (2005),
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Fig. 11 Real-time PCR analysis of catfish TICAM and TLR3
expression in head kidney following infection with ESC. Fold change
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who found no TICAM-2 sequences within the fish
genomes. All TICAM sequences identified by this method
had higher BLAST matches with TICAM-1 sequences. A
phylogenetic tree (Fig. 4) constructed with these sequences
along with catfish and mammalian TICAM genes included
the fish, frog, and chicken TICAM genes in a clade with
TICAM-1. However, bootstrapping support of this clade
was not conclusive. We also examined the genomic
environs of the vertebrate TICAM genes for clues as to
their identity. TICAM-1 in humans and mice is located
between feminization 1 homolog a (FEM1A) and a
mannose 6 phosphate receptor binding protein (TIP47)
(Hardy et al. 2004). Examination of the genomic environs
of the TICAM genes identified above found syntenic
conservation of this region with G. gallus, strongly
indicating that the gene identified from that species was
a TICAM-1 ortholog. Similar neighboring genes were not
identified from the genomic regions surrounding the other
vertebrate TICAM genes.

It has been speculated that TICAM-1 and TICAM-2 in
mammals arose from a duplication of a single ancestral
gene and then evolved specific functions (Hardy et al.
2004). The theory of duplication within this region is
supported by the presence of two additional closely related
genes, FEM1A next to TICAM-1 and FEM1C next to
TICAM-2. The apparent presence of a single fish TICAM
adaptor gene, phylogenetically intermediate to TICAM-1
and TICAM-2, also supports such a theory. Interestingly, it
appears that TLR4, which in mammals requires the
TICAM-2 adaptor for MyD88-independent signaling, is
not present in the genomes of T. nigroviridis or T. rubripes
but is present in zebrafish (Meijer et al. 2004). Because a
well-conserved TLR3 gene has been identified in all teleost
species studied to date, it seems more likely that the fish
TICAM adaptor is functioning in the role of TICAM-1. In
fish species with TLR4, we speculate the TICAM adaptor
may be capable of performing the functions of both
mammalian TICAM-1 and TICAM-2.

One preliminary method of assessing the functional
conservation of catfish TLR3 and TICAM adaptor is
expression analysis. We first examined the tissue expression
profiles of the two genes in healthy channel catfish tissues
(Fig. 9). Catfish TLR3 was expressed in a range of tissues
as in zebrafish and rainbow trout (Rodriguez et al. 2005;
Jault et al. 2004) and at high levels in liver and digestive
organs (Bilodeau and Waldbieser 2005; Oshiumi et al.
2003c). TLR3 expression studies in mammals have focused
on cell types rather than tissues (Muzio et al. 2000;
Alexopoulou et al. 2001), making comparisons difficult.
Catfish TICAM was also expressed in a range of tissues,
with higher relative expression levels in the ovary, liver,
stomach, and spleen. Similarly, Yamamoto et al. (2002)
found highest TICAM-1 expression in human liver.

Expression analysis of catfish TLR3 and TICAM in
tissues of fish infected with the bacterium E. ictaluri
produced some of the most interesting results of the study
(Figs. 10 and 11). Markedly different expression profiles of
TICAM and TLR3 were observed when comparing
between channel (susceptible) and blue (resistant) catfish,
whereas the expression profiles of the two genes within
each species were strikingly similar. Blue catfish are a
closely related species sharing the same genus as channel
catfish. Our previous studies indicated that their gene
sequences were well conserved, with a divergence rate of
1.32 bp/100 bp (He et al. 2003). The expression results
suggested a conserved TLR3–TICAM relation within each
catfish species. The expression profiles of TLR3 and
TICAM generally mirrored one another’s trends in all the
time points following infection.

The dramatic downregulation of TLR3 and TICAM gene
expression seen following infection in blue catfish head
kidney and spleen and, to a lesser extent, channel catfish
spleen, differed from the expression profiles of other catfish
innate immune components, including CC and CXC
chemokines (Peatman et al. 2005, 2006; Baoprasertkul et
al. 2004; Chen et al. 2005), antimicrobial peptides (Bao et
al. 2005, 2006; Wang et al. 2006a; Xu et al. 2005),
proinflammatory cytokines (Wang et al. 2006b), and other
TLRs (Baoprasertkul et al. 2006). These genes have
generally shown patterns of gradual or dramatic upregula-
tion, constitutive expression, or modest downregulation
after ESC infection. However, transient downregulation of
TLR3 has been observed in the head kidney of rainbow
trout exposed to Gram-negative bacterium Yersinia ruckeri
(Rodriguez et al. 2005). Comparison of our results with
previous studies in channel and channel–blue backcross
hybrids (Bilodeau and Waldbieser 2005; Bilodeau et al.
2006) is difficult because of different spacing of sampling
time points after ESC infection. These studies, however,
observed modest two- to threefold changes in expression of
TLR3, similar to our real-time PCR results from channel
catfish (Fig. 11). Significant upregulation of TLR3 was
observed in adult zebrafish after infection with another
Gram-negative bacterium, Edwardsiella tarda (Phelan et al.
2005). Taken together, these results suggest that TLR3
responds to bacterial and viral PAMPs in fish, but in a
manner that differs considerably with time point, pathogen,
and host species. Similarly, in mammalian species, human
TLR3 responds solely to dsRNA, whereas murine TLR3
has been shown to also respond to LPS (Alexopoulou et al.
2001; Kadowaki et al. 2001).

The downregulation of catfish TICAM and TLR3
following infection can be explained by the maturation
and migration of different cell types to and from the
lymphoid tissues. Visintin et al. (2001) reported that
expression of most TLRs, including TLR3, transiently
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increased then nearly disappeared after immature dendritic
cells were induced to mature by addition of LPS. Down-
regulation of TLR3 expression in murine macrophages after
LPS treatment has been described (Heinz et al. 2003).
Macrophage populations play an important role in ESC
infections of catfish. Resistant populations of channel
catfish have been reported to have more macrophage
aggregates in spleen and head kidney than in susceptible
populations (Camp et al. 2000), and macrophages from
resistant catfish more effectively kill the bacteria between 1
and 3 h after infection (Shoemaker et al. 1997). Addition-
ally, Ruckdeschel et al. (2004) identified that TICAM-1
signals for apoptosis of murine macrophages infected with
the Gram-negative bacterium Yersinia. Further cell-based
studies are required to determine if the dramatic differences
in expression of TLR3 and TICAM between resistant and
susceptible catfish species can be explained by functional
and temporal differences in macrophage activity.

Acknowledgements This project was supported by a grant from
USDA NRI Animal Genome Tools and Resources Program (award no.
2006-35616-16685) and in part by a Specific Cooperative Agreement
with USDA ARS Aquatic Animal Health Laboratory under contract
no. 58-6420-5-030. We are grateful for an equipment grant from the
National Research Initiative Competitive (grant no. 2005-35206-
15274) from the USDA Cooperative State Research, Education, and
Extension Service. We thank Renee Beam, Esau Arana, and Randell
Goodman for their excellence in the production and maintenance of
fish used in this study, and their assistance during challenge experi-
ments. The authors are grateful to Dr. Sandra Ewald for a number of
valuable discussions with her in the Department of Pathobiology at
Auburn University. The senior author of the paper was supported by a
scholarship from the Royal Thai Government.

References

Akira S, Takeda K (2004) Toll-like receptor signalling. Nat Rev
Immunol 4:499–511

Alexopoulou L, Holt AC, Medzhitov R, Flavell RA (2001) Recogni-
tion of double-stranded RNA and activation of NF-kappaB by
Toll-like receptor 3. Nature 413:732–738

Bao B, Peatman E, Li P, He C, Liu ZJ (2005) Catfish hepcidin gene is
expressed in a wide range of tissues and exhibits tissue-specific
upregulation after bacterial infection. Dev Comp Immunol
29:939–950

Bao B, Peatman E, Xu P, Li P, Zeng H, He C, Liu Z (2006) The
catfish liver-expressed antimicrobial peptide 2 (LEAP-2) gene is
expressed in a wide range of tissues and developmentally
regulated. Mol Immunol 43:367–377

Baoprasertkul P, Peatman E, Chen L, He C, Kucuktas H, Li P,
Simmons M, Liu Z (2004) Sequence analysis and expression of a
CXC chemokine in resistant and susceptible catfish after infection
of Edwardsiella ictaluri. Dev Comp Immunol 28:769–780

Baoprasertkul P, He C, Peatman E, Zhang S, Li P, Liu Z (2005)
Constitutive expression of three novel catfish CXC chemokines:
homeostatic chemokines in teleost fish. Mol Immunol 42:
1355–1366

Baoprasertkul P, Peatman E, Abernathy J, Liu Z (2006) Structural
characterization and expression analysis of Toll-like receptor 2

gene from catfish. Fish Shellfish Immunol (in press). DOI
10.1016/j.fsi.2006.04.005

Bell JK, Botos I, Hall PR, Askins J, Shiloach J, Segal DM, Davies DR
(2005) The molecular structure of the Toll-like receptor 3 ligand-
binding domain. Proc Natl Acad Sci USA 102:10976–10980

Belvin MP, Anderson KV (1996) A conserved signaling pathway: the
Drosophila toll–dorsal pathway. Annu Rev Cell Dev Biol
12:393–416

Bilodeau AL, Waldbieser GC (2005) Activation of TLR3 and TLR5 in
channel catfish exposed to virulent Edwardsiella ictaluri. Dev
Comp Immunol 29:713–721

Bilodeau AL, Peterson BC, Bosworth BG (2006) Response of Toll-
like receptors, lysozyme, and IGF-I in back-cross hybrid (F1
male (blue × channel) × female channel) catfish challenged with
virulent Edwardsiella ictaluri. Fish Shellfish Immunol 20:29–39

Camp KL, Wolters WR, Rice CD (2000) Survivability and immune
responses after challenge with Edwardsiella ictaluri in suscepti-
ble and resistant families of channel catfish, Ictalurus punctatus.
Fish Shellfish Immunol 10:475–487

Cao D, Kocabas A, Ju Z, Karsi A, Li P, Patterson A, Liu Z (2001)
Transcriptome of channel catfish (Ictalurus punctatus): initial
analysis of genes and expression profiles of the head kidney.
Anim Genet 32:169–188

Chen L, He C, Baoprasertkul P, Xu P, Li P, Serapion J, Waldbieser G,
Wolters W, Liu Z (2005) Analysis of a catfish gene resembling
interleukin-8: cDNA cloning, gene structure, and expression after
infection with Edwardsiella ictaluri. Dev Comp Immunol
29:135–142

Choe J, Kelker MS, Wilson IA (2005) Crystal structure of human
Toll-like receptor 3 (TLR3) ectodomain. Science 309:581–585

Chomczynski P, Sacchi N (1987) Single-step method of RNA
isolation by acid guanidinium thiocyanate–phenol–chloroform
extraction. Anal Biochem 162:156–159

Ferreon JC, Ferreon AC, Li K, Lemon SM (2005) Molecular
determinants of TRIF proteolysis mediated by the hepatitis C
virus NS3/4A protease. J Biol Chem 280:20483–20492

Fitzgerald KA, Rowe DC, Barnes BJ, Caffrey DR, Visintin A, Latz E,
Monks B, Pitha PM, Golenbock DT (2003) LPS–TLR4 signaling
to IRF-3/7 and NF-kappaB involves the toll adapters TRAM and
TRIF. J Exp Med 198:1043–1055

Hardy MP, McGGettrick AF, O’Neill LA (2004) Transcriptional
regulation of the human TRIF (TIR domain-containing adaptor
protein inducing interferon beta) gene. Biochem J 380:83–93

He C, Chen L, Simmons M, Li P, Kim S, Liu ZJ (2003) Putative SNP
discovery in interspecific hybrids of catfish by comparative EST
analysis. Anim Genet 34:445–448

Heinz S, Haehnel V, Karaghiosoff M, Schwarzfischer L, Muller M,
Krause SW, Rehli M (2003) Species-specific regulation of
Toll-like receptor 3 genes in men and mice. J Biol Chem 278:
21502–21509

Iliev DB, Roach JC, Mackenzie S, Planas JV, Goetz FW (2005)
Endotoxin recognition: in fish or not in fish? FEBS Lett
579:6519–6528

Ishii KJ, Coban C, Akiral S (2005) Manifold mechanisms of Toll-like
receptor–ligand recognition. J Clin Immunol 25:511–521

Jault C, Pichon L, Chluba J (2004) Toll-like receptor gene family
and TIR-domain adapters in Danio rerio. Mol Immunol
40:759–771

Ju Z, Karsi A, Kocabas A, Patterson A, Li P, Cao D, Dunham R, Liu Z
(2000) Transcriptome analysis of channel catfish (Ictalurus
punctatus): genes and expression profile from the brain. Gene
261:373–382

Kadowaki N, Ho S, Antonenko S, Malefyt RW, Kastelein RA, Bazan
F, Liu YJ (2001) Subsets of human dendritic cell precursors
express different Toll-like receptors and respond to different
microbial antigens. J Exp Med 194:863–869

Immunogenetics (2006) 58:817–830 829

http://dx.doi.org/10.1016/j.fsi.2006.04.005


Karsi A, Cao D, Li P, Patterson A, Kocabas A, Feng J, Ju Z, Mickett
KD, Liu Z (2002) Transcriptome analysis of channel catfish
(Ictalurus punctatus): initial analysis of gene expression and
microsatellite-containing cDNAs in the skin. Gene 285:157–168

Kocabas AM, Li P, Cao D, Karsi A, He C, Patterson A, Ju Z, Dunham
RA, Liu Z (2002) Expression profile of the channel catfish
spleen: analysis of genes involved in immune functions. Mar
Biotechnol 4:526–536

Kumar S, Tamura K, Nei M (2004) MEGA3: integrated software for
Molecular Evolutionary Genetics Analysis and sequence align-
ment. Brief Bioinform 5:150–163

Matsumoto M, Kikkawa S, Kohase M, Miyake K, Seya T (2002)
Establishment of a monoclonal antibody against human Toll-like
receptor 3 that blocks double-stranded RNA-mediated signaling.
Biochem Biophys Res Commun 293:1364–1369

Medzhitov R, Janeway C Jr (2000) Innate immune recognition:
mechanisms and pathways. Immunol Rev 173:89–97

Medzhitov R, Preston-Hurlburt P, Janeway CA Jr (1997) A human
homologue of the Drosophila Toll protein signals activation of
adaptive immunity. Nature 388:394–397

Meijer AH, Gabby Krens SF, Medina Rodriguez IA, He S, Bitter W,
Ewa Snaar-Jagalska B, Spaink HP (2004) Expression analysis of
the Toll-like receptor and TIR domain adaptor families of
zebrafish. Mol Immunol 40:773–783

Muzio M, Polentarutti N, Bosisio D, Manoj Kumar PP, Mantovani A
(2000) Toll-like receptor family and signalling pathway. Biochem
Soc Trans 28:563–566

O’Neill LA, Fitzgerald KA, Bowie AG (2003) The Toll-IL-1 receptor
adaptor family grows to five members. Trends Immunol 24:286–290

Oshiumi H, Matsumoto M, Funami K, Akazawa T, Seya T (2003a)
TICAM-1, an adaptor molecule that participates in Toll-like
receptor 3-mediated interferon-beta induction. Nat Immunol
4:161–167

Oshiumi H, Sasai M, Shida K, Fujita T, Matsumoto M, Seya T
(2003b) TIR-containing adapter molecule (TICAM)-2, a bridging
adapter recruiting to Toll-like receptor 4 TICAM-1 that induces
interferon-beta. J Biol Chem 278:49751–49762

Oshiumi H, Tsujita T, Shida K, Matsumoto M, Ikeo K, Seya T
(2003c) Prediction of the prototype of the human Toll-like
receptor gene family from the pufferfish, Fugu rubripes, genome.
Immunogenetics 54:791–800

Peatman E, Bao B, Baoprasertkul P, Liu Z (2005) In silico
identification and expression analysis of 12 novel CC chemo-
kines in catfish. Immunogenetics 57:409–419

Peatman E, Bao B, Peng X, Baoprasertkul P, Brady Y, Liu Z (2006)
Catfish CC chemokines: genomic clustering, duplications, and
expression after bacterial infection with Edwardsiella ictaluri.
Mol Genet Genomics 275:297–309

Peterson BC, Bosworth BG, Bilodeau AL (2005) Differential gene
expression of IGF-I, IGF-II, and Toll-like receptors 3 and 5
during embryogenesis in hybrid (channel × blue) and channel
catfish. Comp Biochem Physiol A Mol Integr Physiol 141:42–47

Pfaffl MW, Horgan GW, Dempfle L (2002) Relative expression
software tool (REST) for group-wise comparison and statistical
analysis of relative expression results in real-time PCR. Nucleic
Acids Res 30:e36

Phelan PE, Mellon MT, Kim CH (2005) Functional characterization of
full-length TLR3, IRAK-4, and TRAF6 in zebrafish (Danio
rerio). Mol Immunol 42:1057–1071

Roach JC, Glusman G, Rowen L, Kaur A, Purcell MK, Smith KD,
Hood LE, Aderem A (2005) The evolution of vertebrate Toll-like
receptors. Proc Natl Acad Sci USA 102:9577–9582

Rodriguez MF, Wiens GD, Purcell MK, Palti Y (2005) Characteriza-
tion of Toll-like receptor 3 gene in rainbow trout (Oncorhynchus
mykiss). Immunogenetics 57:510–519

Ross MT, LaBrie S, McPherson J, Stanton VP Jr (1999) Screening
large-insert libraries by hybridization. In: Boyl A (ed) Current
protocols in human genetics. Wiley, New York, pp 5.6.1–5.6.52

Ruckdeschel K, Pfaffinger G, Haase R, Sing A, Weighardt H,
Hacker G, Holzmann B, Heesemann J (2004) Signaling of
apoptosis through TLRs critically involves toll/IL-1 receptor
domain-containing adapter inducing IFN-beta, but not MyD88,
in bacteria-infected murine macrophages. J Immunol 173:
3320–3328

Rzhetsky A, Nei M (1992) Statistical properties of the ordinary least-
squares, generalized least-squares, and minimum-evolution meth-
ods of phylogenetic inference. J Mol Evol 35:367–375

Sambrook J, Frisch EF, Maniatis T (1989) Molecular cloning: a
laboratory manual. Cold Spring Harbor Laboratory Press, Cold
Spring Harbor

Serapion J, Kucuktas H, Feng J, Liu Z (2004) Bioinformatic mining of
type I microsatellites from expressed sequence tags of channel
catfish (Ictalurus punctatus). Mar Biotechnol (NY) 6:364–377

Seya T, Oshiumi H, Sasai M, Akazawa T, Matsumoto M (2005)
TICAM-1 and TICAM-2: Toll-like receptor adapters that
participate in induction of type 1 interferons. Int J Biochem Cell
Biol 37:524–529

Shoemaker CA, Klesius PH, Plumb JA (1997) Killing of Edwardsiella
ictaluri by macrophages from channel catfish immune and
susceptible to enteric septicemia of catfish. Vet Immunol
Immunopathol 58:181–190

Takeda K, Kaisho T, Akira S (2003) Toll-like receptors. Annu Rev
Immunol 21:335–376

Tosi MF (2005) Innate immune responses to infection. J Allergy Clin
Immunol 116:241–249

Visintin A, Mazzoni A, Spitzer JH, Wyllie DH, Dower SK, Segal DM
(2001) Regulation of Toll-like receptors in human monocytes and
dendritic cells. J Immunol 166:249–255

Wang Q, Bao B, Wang Y, Peatman E, Liu Z (2006a) Characterization
of a NK-lysin antimicrobial peptide gene from channel catfish.
Fish Shellfish Immunol 20:419–426

Wang Y, Wang Q, Baoprasertkul P, Peatman E, Liu Z (2006b)
Genomic organization, gene duplication, and expression analysis
of interleukin-1beta in channel catfish (Ictalurus punctatus). Mol
Immunol 43:1653–1664

Wolters WR, Wise DJ, Klesius PH (1996) Survival and antibody
response of channel catfish, blue catfish and hybrids of female
channel catfish and male blue catfish following exposure to
Edwardsiella ictaluri. J Aquat Anim Health 8:249–254

Xu P, Bao B, He Q, Peatman E, He C, Liu ZJ (2005) Characterization
and expression analysis of bactericidal permeability-increasing
protein (BPI) antimicrobial peptide gene from channel catfish
Ictalurus punctatus. Dev Comp Immunol 29:865–878

Yamamoto M, Sato S, Mori K, Hoshino K, Takeuchi O, Takeda K,
Akira S (2002) Cutting edge: a novel Toll/IL-1 receptor domain-
containing adapter that preferentially activates the IFN-beta
promoter in the Toll-like receptor signaling. J Immunol
169:6668–6672

830 Immunogenetics (2006) 58:817–830


	Toll-like...
	Abstract
	Introduction
	Materials and methods
	Identification of catfish TICAM and TLR3
	BAC library screening, genomic sequencing, and sequence analysis
	5′-RACE of TLR3 and 3′-RACE of TICAM
	Southern blot analysis
	Phylogenetic analysis
	Fish rearing and bacterial challenge
	Tissue sampling and RNA extraction
	RT-PCR and quantitative real-time PCR analysis

	Results
	Identification of TICAM and TLR3 from channel catfish
	Sequence and structural analysis of the TICAM and TLR3 genes of channel catfish
	Phylogenetic analysis of catfish TICAM and TLR3
	Copy numbers of TICAM and TLR3 in catfish
	TICAM and TLR3 expression in healthy and infected tissues of blue and channel catfish

	Discussion
	References




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (None)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 524288
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
    /AardvarkPSMT
    /AceBinghamSH
    /AddisonLibbySH
    /AGaramond-Italic
    /AGaramond-Regular
    /AkbarPlain
    /Albertus-Bold
    /AlbertusExtraBold-Regular
    /AlbertusMedium-Italic
    /AlbertusMedium-Regular
    /AlfonsoWhiteheadSH
    /Algerian
    /AllegroBT-Regular
    /AmarilloUSAF
    /AmazoneBT-Regular
    /AmeliaBT-Regular
    /AmerigoBT-BoldA
    /AmerTypewriterITCbyBT-Medium
    /AndaleMono
    /AndyMacarthurSH
    /Animals
    /AnneBoleynSH
    /Annifont
    /AntiqueOlive-Bold
    /AntiqueOliveCompact-Regular
    /AntiqueOlive-Italic
    /AntiqueOlive-Regular
    /AntonioMountbattenSH
    /ArabiaPSMT
    /AradLevelVI
    /ArchitecturePlain
    /Arial-Black
    /Arial-BlackItalic
    /Arial-BoldItalicMT
    /Arial-BoldMT
    /Arial-ItalicMT
    /ArialMT
    /ArialMTBlack-Regular
    /ArialNarrow
    /ArialNarrow-Bold
    /ArialNarrow-BoldItalic
    /ArialNarrow-Italic
    /ArialRoundedMTBold
    /ArialUnicodeLight
    /ArialUnicodeLight-Bold
    /ArialUnicodeLight-BoldItalic
    /ArialUnicodeLight-Italic
    /ArrowsAPlentySH
    /ArrusBT-Bold
    /ArrusBT-BoldItalic
    /ArrusBT-Italic
    /ArrusBT-Roman
    /Asiana
    /AssadSadatSH
    /AvalonPSMT
    /AvantGardeITCbyBT-Book
    /AvantGardeITCbyBT-BookOblique
    /AvantGardeITCbyBT-Demi
    /AvantGardeITCbyBT-DemiOblique
    /AvantGardeITCbyBT-Medium
    /AvantGardeITCbyBT-MediumOblique
    /BankGothicBT-Light
    /BankGothicBT-Medium
    /Baskerville-Bold
    /Baskerville-Normal
    /Baskerville-Normal-Italic
    /BaskOldFace
    /Bauhaus93
    /Bavand
    /BazookaRegular
    /BeauTerrySH
    /BECROSS
    /BedrockPlain
    /BeeskneesITC
    /BellMT
    /BellMTBold
    /BellMTItalic
    /BenguiatITCbyBT-Bold
    /BenguiatITCbyBT-BoldItalic
    /BenguiatITCbyBT-Book
    /BenguiatITCbyBT-BookItalic
    /BennieGoetheSH
    /BerlinSansFB-Bold
    /BerlinSansFBDemi-Bold
    /BerlinSansFB-Reg
    /BernardMT-Condensed
    /BernhardBoldCondensedBT-Regular
    /BernhardFashionBT-Regular
    /BernhardModernBT-Bold
    /BernhardModernBT-BoldItalic
    /BernhardModernBT-Italic
    /BernhardModernBT-Roman
    /Bethel
    /BibiGodivaSH
    /BibiNehruSH
    /BKenwood-Regular
    /BlackadderITC-Regular
    /BlondieBurtonSH
    /BodoniBlack-Regular
    /Bodoni-Bold
    /Bodoni-BoldItalic
    /BodoniBT-Bold
    /BodoniBT-BoldItalic
    /BodoniBT-Italic
    /BodoniBT-Roman
    /Bodoni-Italic
    /BodoniMTPosterCompressed
    /Bodoni-Regular
    /BookAntiqua
    /BookAntiqua-Bold
    /BookAntiqua-BoldItalic
    /BookAntiqua-Italic
    /BookmanOldStyle
    /BookmanOldStyle-Bold
    /BookmanOldStyle-BoldItalic
    /BookmanOldStyle-Italic
    /BookshelfSymbolFive
    /BookshelfSymbolFour
    /BookshelfSymbolOne-Regular
    /BookshelfSymbolThree-Regular
    /BookshelfSymbolTwo-Regular
    /BookwomanDemiItalicSH
    /BookwomanDemiSH
    /BookwomanExptLightSH
    /BookwomanLightItalicSH
    /BookwomanLightSH
    /BookwomanMonoLightSH
    /BookwomanSwashDemiSH
    /BookwomanSwashLightSH
    /BoulderRegular
    /BradleyHandITC
    /Braggadocio
    /BrailleSH
    /BRectangular
    /BremenBT-Bold
    /BritannicBold
    /Broadview
    /Broadway
    /BroadwayBT-Regular
    /BRubber
    /Brush445BT-Regular
    /BrushScriptMT
    /BSorbonna
    /BStranger
    /BTriumph
    /BuckyMerlinSH
    /BusoramaITCbyBT-Medium
    /Caesar
    /CalifornianFB-Bold
    /CalifornianFB-Italic
    /CalifornianFB-Reg
    /CalisMTBol
    /CalistoMT
    /CalistoMT-Italic
    /CalligrapherRegular
    /CameronStendahlSH
    /Candy
    /CandyCaneUnregistered
    /CankerSore
    /CarlTellerSH
    /CarrieCattSH
    /CaslonOpenfaceBT-Regular
    /CassTaylorSH
    /CDOT
    /Centaur
    /CenturyGothic
    /CenturyGothic-Bold
    /CenturyGothic-BoldItalic
    /CenturyGothic-Italic
    /CenturyOldStyle-BoldItalic
    /CenturySchoolbook
    /CenturySchoolbook-Bold
    /CenturySchoolbook-BoldItalic
    /CenturySchoolbook-Italic
    /Cezanne
    /CGOmega-Bold
    /CGOmega-BoldItalic
    /CGOmega-Italic
    /CGOmega-Regular
    /CGTimes-Bold
    /CGTimes-BoldItalic
    /CGTimes-Italic
    /CGTimes-Regular
    /Charting
    /ChartreuseParsonsSH
    /ChaseCallasSH
    /ChasThirdSH
    /ChaucerRegular
    /CheltenhamITCbyBT-Bold
    /CheltenhamITCbyBT-BoldItalic
    /CheltenhamITCbyBT-Book
    /CheltenhamITCbyBT-BookItalic
    /ChildBonaparteSH
    /Chiller-Regular
    /ChuckWarrenChiselSH
    /ChuckWarrenDesignSH
    /CityBlueprint
    /Clarendon-Bold
    /Clarendon-Book
    /ClarendonCondensedBold
    /ClarendonCondensed-Bold
    /ClarendonExtended-Bold
    /ClassicalGaramondBT-Bold
    /ClassicalGaramondBT-BoldItalic
    /ClassicalGaramondBT-Italic
    /ClassicalGaramondBT-Roman
    /ClaudeCaesarSH
    /CLI
    /Clocks
    /ClosetoMe
    /CluKennedySH
    /CMBX10
    /CMBX5
    /CMBX7
    /CMEX10
    /CMMI10
    /CMMI5
    /CMMI7
    /CMMIB10
    /CMR10
    /CMR5
    /CMR7
    /CMSL10
    /CMSY10
    /CMSY5
    /CMSY7
    /CMTI10
    /CMTT10
    /CoffeeCamusInitialsSH
    /ColetteColeridgeSH
    /ColonnaMT
    /ComicSansMS
    /ComicSansMS-Bold
    /CommercialPiBT-Regular
    /CommercialScriptBT-Regular
    /Complex
    /CooperBlack
    /CooperBT-BlackHeadline
    /CooperBT-BlackItalic
    /CooperBT-Bold
    /CooperBT-BoldItalic
    /CooperBT-Medium
    /CooperBT-MediumItalic
    /CooperPlanck2LightSH
    /CooperPlanck4SH
    /CooperPlanck6BoldSH
    /CopperplateGothicBT-Bold
    /CopperplateGothicBT-Roman
    /CopperplateGothicBT-RomanCond
    /CopticLS
    /Cornerstone
    /Coronet
    /CoronetItalic
    /Cotillion
    /CountryBlueprint
    /CourierNewPS-BoldItalicMT
    /CourierNewPS-BoldMT
    /CourierNewPS-ItalicMT
    /CourierNewPSMT
    /CSSubscript
    /CSSubscriptBold
    /CSSubscriptItalic
    /CSSuperscript
    /CSSuperscriptBold
    /Cuckoo
    /CurlzMT
    /CybilListzSH
    /CzarBold
    /CzarBoldItalic
    /CzarItalic
    /CzarNormal
    /DauphinPlain
    /DawnCastleBold
    /DawnCastlePlain
    /Dekker
    /DellaRobbiaBT-Bold
    /DellaRobbiaBT-Roman
    /Denmark
    /Desdemona
    /Diploma
    /DizzyDomingoSH
    /DizzyFeiningerSH
    /DocTermanBoldSH
    /DodgenburnA
    /DodoCasalsSH
    /DodoDiogenesSH
    /DomCasualBT-Regular
    /Durian-Republik
    /Dutch801BT-Bold
    /Dutch801BT-BoldItalic
    /Dutch801BT-ExtraBold
    /Dutch801BT-Italic
    /Dutch801BT-Roman
    /EBT's-cmbx10
    /EBT's-cmex10
    /EBT's-cmmi10
    /EBT's-cmmi5
    /EBT's-cmmi7
    /EBT's-cmr10
    /EBT's-cmr5
    /EBT's-cmr7
    /EBT's-cmsy10
    /EBT's-cmsy5
    /EBT's-cmsy7
    /EdithDaySH
    /Elephant-Italic
    /Elephant-Regular
    /EmGravesSH
    /EngelEinsteinSH
    /English111VivaceBT-Regular
    /English157BT-Regular
    /EngraversGothicBT-Regular
    /EngraversOldEnglishBT-Bold
    /EngraversOldEnglishBT-Regular
    /EngraversRomanBT-Bold
    /EngraversRomanBT-Regular
    /EnviroD
    /ErasITC-Bold
    /ErasITC-Demi
    /ErasITC-Light
    /ErasITC-Medium
    /ErasITC-Ultra
    /ErnestBlochSH
    /EstrangeloEdessa
    /Euclid
    /Euclid-Bold
    /Euclid-BoldItalic
    /EuclidExtra
    /EuclidExtra-Bold
    /EuclidFraktur
    /EuclidFraktur-Bold
    /Euclid-Italic
    /EuclidMathOne
    /EuclidMathOne-Bold
    /EuclidMathTwo
    /EuclidMathTwo-Bold
    /EuclidSymbol
    /EuclidSymbol-Bold
    /EuclidSymbol-BoldItalic
    /EuclidSymbol-Italic
    /EuroRoman
    /EuroRomanOblique
    /ExxPresleySH
    /FencesPlain
    /Fences-Regular
    /FifthAvenue
    /FigurineCrrCB
    /FigurineCrrCBBold
    /FigurineCrrCBBoldItalic
    /FigurineCrrCBItalic
    /FigurineTmsCB
    /FigurineTmsCBBold
    /FigurineTmsCBBoldItalic
    /FigurineTmsCBItalic
    /FillmoreRegular
    /Fitzgerald
    /Flareserif821BT-Roman
    /FleurFordSH
    /Fontdinerdotcom
    /FontdinerdotcomSparkly
    /FootlightMTLight
    /ForefrontBookObliqueSH
    /ForefrontBookSH
    /ForefrontDemiObliqueSH
    /ForefrontDemiSH
    /Fortress
    /FractionsAPlentySH
    /FrakturPlain
    /Franciscan
    /FranklinGothic-Medium
    /FranklinGothic-MediumItalic
    /FranklinUnic
    /FredFlahertySH
    /Freehand575BT-RegularB
    /Freehand591BT-RegularA
    /FreestyleScript-Regular
    /Frutiger-Roman
    /FTPMultinational
    /FTPMultinational-Bold
    /FujiyamaPSMT
    /FuturaBlackBT-Regular
    /FuturaBT-Bold
    /FuturaBT-BoldCondensed
    /FuturaBT-BoldItalic
    /FuturaBT-Book
    /FuturaBT-BookItalic
    /FuturaBT-ExtraBlack
    /FuturaBT-ExtraBlackCondensed
    /FuturaBT-ExtraBlackCondItalic
    /FuturaBT-ExtraBlackItalic
    /FuturaBT-Light
    /FuturaBT-LightItalic
    /FuturaBT-Medium
    /FuturaBT-MediumCondensed
    /FuturaBT-MediumItalic
    /GabbyGauguinSH
    /GalliardITCbyBT-Bold
    /GalliardITCbyBT-BoldItalic
    /GalliardITCbyBT-Italic
    /GalliardITCbyBT-Roman
    /Garamond
    /Garamond-Antiqua
    /Garamond-Bold
    /Garamond-Halbfett
    /Garamond-Italic
    /Garamond-Kursiv
    /Garamond-KursivHalbfett
    /Garcia
    /GarryMondrian3LightItalicSH
    /GarryMondrian3LightSH
    /GarryMondrian4BookItalicSH
    /GarryMondrian4BookSH
    /GarryMondrian5SBldItalicSH
    /GarryMondrian5SBldSH
    /GarryMondrian6BoldItalicSH
    /GarryMondrian6BoldSH
    /GarryMondrian7ExtraBoldSH
    /GarryMondrian8UltraSH
    /GarryMondrianCond3LightSH
    /GarryMondrianCond4BookSH
    /GarryMondrianCond5SBldSH
    /GarryMondrianCond6BoldSH
    /GarryMondrianCond7ExtraBoldSH
    /GarryMondrianCond8UltraSH
    /GarryMondrianExpt3LightSH
    /GarryMondrianExpt4BookSH
    /GarryMondrianExpt5SBldSH
    /GarryMondrianExpt6BoldSH
    /GarryMondrianSwashSH
    /Gaslight
    /GatineauPSMT
    /Gautami
    /GDT
    /Geometric231BT-BoldC
    /Geometric231BT-LightC
    /Geometric231BT-RomanC
    /GeometricSlab703BT-Bold
    /GeometricSlab703BT-BoldCond
    /GeometricSlab703BT-BoldItalic
    /GeometricSlab703BT-Light
    /GeometricSlab703BT-LightItalic
    /GeometricSlab703BT-Medium
    /GeometricSlab703BT-MediumCond
    /GeometricSlab703BT-MediumItalic
    /GeometricSlab703BT-XtraBold
    /GeorgeMelvilleSH
    /Georgia
    /Georgia-Bold
    /Georgia-BoldItalic
    /Georgia-Italic
    /Gigi-Regular
    /GillSansBC
    /GillSans-Bold
    /GillSans-BoldItalic
    /GillSansCondensed-Bold
    /GillSansCondensed-Regular
    /GillSansExtraBold-Regular
    /GillSans-Italic
    /GillSansLight-Italic
    /GillSansLight-Regular
    /GillSans-Regular
    /GoldMinePlain
    /Gonzo
    /GothicE
    /GothicG
    /GothicI
    /GoudyHandtooledBT-Regular
    /GoudyOldStyle-Bold
    /GoudyOldStyle-BoldItalic
    /GoudyOldStyleBT-Bold
    /GoudyOldStyleBT-BoldItalic
    /GoudyOldStyleBT-Italic
    /GoudyOldStyleBT-Roman
    /GoudyOldStyleExtrabold-Regular
    /GoudyOldStyle-Italic
    /GoudyOldStyle-Regular
    /GoudySansITCbyBT-Bold
    /GoudySansITCbyBT-BoldItalic
    /GoudySansITCbyBT-Medium
    /GoudySansITCbyBT-MediumItalic
    /GraceAdonisSH
    /Graeca
    /Graeca-Bold
    /Graeca-BoldItalic
    /Graeca-Italic
    /Graphos-Bold
    /Graphos-BoldItalic
    /Graphos-Italic
    /Graphos-Regular
    /GreekC
    /GreekS
    /GreekSans
    /GreekSans-Bold
    /GreekSans-BoldOblique
    /GreekSans-Oblique
    /Griffin
    /GrungeUpdate
    /Haettenschweiler
    /HankKhrushchevSH
    /HarlowSolid
    /HarpoonPlain
    /Harrington
    /HeatherRegular
    /Hebraica
    /HeleneHissBlackSH
    /Helvetica
    /Helvetica-Bold
    /Helvetica-BoldOblique
    /Helvetica-Narrow
    /Helvetica-Narrow-Bold
    /Helvetica-Narrow-BoldOblique
    /Helvetica-Narrow-Oblique
    /Helvetica-Oblique
    /HenryPatrickSH
    /Herald
    /HighTowerText-Italic
    /HighTowerText-Reg
    /HogBold-HMK
    /HogBook-HMK
    /HomePlanning
    /HomePlanning2
    /HomewardBoundPSMT
    /Humanist521BT-Bold
    /Humanist521BT-BoldCondensed
    /Humanist521BT-BoldItalic
    /Humanist521BT-Italic
    /Humanist521BT-Light
    /Humanist521BT-LightItalic
    /Humanist521BT-Roman
    /Humanist521BT-RomanCondensed
    /IBMPCDOS
    /IceAgeD
    /Impact
    /Incised901BT-Bold
    /Incised901BT-Light
    /Incised901BT-Roman
    /Industrial736BT-Italic
    /Informal011BT-Roman
    /InformalRoman-Regular
    /Intrepid
    /IntrepidBold
    /IntrepidOblique
    /Invitation
    /IPAExtras
    /IPAExtras-Bold
    /IPAHighLow
    /IPAHighLow-Bold
    /IPAKiel
    /IPAKiel-Bold
    /IPAKielSeven
    /IPAKielSeven-Bold
    /IPAsans
    /ISOCP
    /ISOCP2
    /ISOCP3
    /ISOCT
    /ISOCT2
    /ISOCT3
    /Italic
    /ItalicC
    /ItalicT
    /JesterRegular
    /Jokerman-Regular
    /JotMedium-HMK
    /JuiceITC-Regular
    /JupiterPSMT
    /KabelITCbyBT-Book
    /KabelITCbyBT-Ultra
    /KarlaJohnson5CursiveSH
    /KarlaJohnson5RegularSH
    /KarlaJohnson6BoldCursiveSH
    /KarlaJohnson6BoldSH
    /KarlaJohnson7ExtraBoldCursiveSH
    /KarlaJohnson7ExtraBoldSH
    /KarlKhayyamSH
    /Karnack
    /Kartika
    /Kashmir
    /KaufmannBT-Bold
    /KaufmannBT-Regular
    /KeplerStd-Black
    /KeplerStd-BlackIt
    /KeplerStd-Bold
    /KeplerStd-BoldIt
    /KeplerStd-Italic
    /KeplerStd-Light
    /KeplerStd-LightIt
    /KeplerStd-Medium
    /KeplerStd-MediumIt
    /KeplerStd-Regular
    /KeplerStd-Semibold
    /KeplerStd-SemiboldIt
    /KeystrokeNormal
    /Kidnap
    /KidsPlain
    /Kindergarten
    /KinoMT
    /KissMeKissMeKissMe
    /KoalaPSMT
    /KorinnaITCbyBT-Bold
    /KorinnaITCbyBT-KursivBold
    /KorinnaITCbyBT-KursivRegular
    /KorinnaITCbyBT-Regular
    /KristenITC-Regular
    /Kristin
    /KunstlerScript
    /KyotoSong
    /LainieDaySH
    /LandscapePlanning
    /Lapidary333BT-Bold
    /Lapidary333BT-BoldItalic
    /Lapidary333BT-Italic
    /Lapidary333BT-Roman
    /Latha
    /LatinoPal3LightItalicSH
    /LatinoPal3LightSH
    /LatinoPal4ItalicSH
    /LatinoPal4RomanSH
    /LatinoPal5DemiItalicSH
    /LatinoPal5DemiSH
    /LatinoPal6BoldItalicSH
    /LatinoPal6BoldSH
    /LatinoPal7ExtraBoldSH
    /LatinoPal8BlackSH
    /LatinoPalCond4RomanSH
    /LatinoPalCond5DemiSH
    /LatinoPalCond6BoldSH
    /LatinoPalExptRomanSH
    /LatinoPalSwashSH
    /LatinWidD
    /LatinWide
    /LeeToscanini3LightSH
    /LeeToscanini5RegularSH
    /LeeToscanini7BoldSH
    /LeeToscanini9BlackSH
    /LeeToscaniniInlineSH
    /LetterGothic12PitchBT-Bold
    /LetterGothic12PitchBT-BoldItal
    /LetterGothic12PitchBT-Italic
    /LetterGothic12PitchBT-Roman
    /LetterGothic-Bold
    /LetterGothic-BoldItalic
    /LetterGothic-Italic
    /LetterGothicMT
    /LetterGothicMT-Bold
    /LetterGothicMT-BoldOblique
    /LetterGothicMT-Oblique
    /LetterGothic-Regular
    /LibrarianRegular
    /LinusPSMT
    /Lithograph-Bold
    /LithographLight
    /LongIsland
    /LubalinGraphMdITCTT
    /LucidaBright
    /LucidaBright-Demi
    /LucidaBright-DemiItalic
    /LucidaBright-Italic
    /LucidaCalligraphy-Italic
    /LucidaConsole
    /LucidaFax
    /LucidaFax-Demi
    /LucidaFax-DemiItalic
    /LucidaFax-Italic
    /LucidaHandwriting-Italic
    /LucidaSans
    /LucidaSans-Demi
    /LucidaSans-DemiItalic
    /LucidaSans-Italic
    /LucidaSans-Typewriter
    /LucidaSans-TypewriterBold
    /LucidaSansUnicode
    /LydianCursiveBT-Regular
    /Magneto-Bold
    /Mangal-Regular
    /Map-Symbols
    /MarcusHobbesSH
    /Mariah
    /Marigold
    /MaritaMedium-HMK
    /MaritaScript-HMK
    /Market
    /MartinMaxxieSH
    /MathTypeMed
    /MatisseITC-Regular
    /MaturaMTScriptCapitals
    /MaudeMeadSH
    /MemorandumPSMT
    /Metro
    /Metrostyle-Bold
    /MetrostyleExtended-Bold
    /MetrostyleExtended-Regular
    /Metrostyle-Regular
    /MicrogrammaD-BoldExte
    /MicrosoftSansSerif
    /MikePicassoSH
    /MiniPicsLilEdibles
    /MiniPicsLilFolks
    /MiniPicsLilStuff
    /MischstabPopanz
    /MisterEarlBT-Regular
    /Mistral
    /ModerneDemi
    /ModerneDemiOblique
    /ModerneOblique
    /ModerneRegular
    /Modern-Regular
    /MonaLisaRecutITC-Normal
    /Monospace821BT-Bold
    /Monospace821BT-BoldItalic
    /Monospace821BT-Italic
    /Monospace821BT-Roman
    /Monotxt
    /MonotypeCorsiva
    /MonotypeSorts
    /MorrisonMedium
    /MorseCode
    /MotorPSMT
    /MSAM10
    /MSLineDrawPSMT
    /MS-Mincho
    /MSOutlook
    /MSReference1
    /MSReference2
    /MTEX
    /MTEXB
    /MTEXH
    /MT-Extra
    /MTGU
    /MTGUB
    /MTLS
    /MTLSB
    /MTMI
    /MTMIB
    /MTMIH
    /MTMS
    /MTMSB
    /MTMUB
    /MTMUH
    /MTSY
    /MTSYB
    /MTSYH
    /MT-Symbol
    /MTSYN
    /Music
    /MVBoli
    /MysticalPSMT
    /NagHammadiLS
    /NealCurieRuledSH
    /NealCurieSH
    /NebraskaPSMT
    /Neuropol-Medium
    /NevisonCasD
    /NewMilleniumSchlbkBoldItalicSH
    /NewMilleniumSchlbkBoldSH
    /NewMilleniumSchlbkExptSH
    /NewMilleniumSchlbkItalicSH
    /NewMilleniumSchlbkRomanSH
    /News702BT-Bold
    /News702BT-Italic
    /News702BT-Roman
    /Newton
    /NewZuricaBold
    /NewZuricaItalic
    /NewZuricaRegular
    /NiagaraEngraved-Reg
    /NiagaraSolid-Reg
    /NigelSadeSH
    /Nirvana
    /NuptialBT-Regular
    /OCRAbyBT-Regular
    /OfficePlanning
    /OldCentury
    /OldEnglishTextMT
    /Onyx
    /OnyxBT-Regular
    /OpenSymbol
    /OttawaPSMT
    /OttoMasonSH
    /OzHandicraftBT-Roman
    /OzzieBlack-Italic
    /OzzieBlack-Regular
    /PalatiaBold
    /PalatiaItalic
    /PalatiaRegular
    /PalatinoLinotype-Bold
    /PalatinoLinotype-BoldItalic
    /PalatinoLinotype-Italic
    /PalatinoLinotype-Roman
    /PalmSpringsPSMT
    /Pamela
    /PanRoman
    /ParadisePSMT
    /ParagonPSMT
    /ParamountBold
    /ParamountItalic
    /ParamountRegular
    /Parchment-Regular
    /ParisianBT-Regular
    /ParkAvenueBT-Regular
    /Patrick
    /Patriot
    /PaulPutnamSH
    /PcEncodingLowerSH
    /PcEncodingSH
    /Pegasus
    /PenguinLightPSMT
    /PennSilvaSH
    /Percival
    /PerfectRegular
    /Pfn2BlackItalic
    /Phantom
    /PhilSimmonsSH
    /Pickwick
    /PipelinePlain
    /Playbill
    /PoorRichard-Regular
    /Poster
    /PosterBodoniBT-Italic
    /PosterBodoniBT-Roman
    /Pristina-Regular
    /Proxy1
    /Proxy2
    /Proxy3
    /Proxy4
    /Proxy5
    /Proxy6
    /Proxy7
    /Proxy8
    /Proxy9
    /Prx1
    /Prx2
    /Prx3
    /Prx4
    /Prx5
    /Prx6
    /Prx7
    /Prx8
    /Prx9
    /Pythagoras
    /Raavi
    /Ranegund
    /Ravie
    /Ribbon131BT-Bold
    /RMTMI
    /RMTMIB
    /RMTMIH
    /RMTMUB
    /RMTMUH
    /RobWebsterExtraBoldSH
    /Rockwell
    /Rockwell-Bold
    /Rockwell-ExtraBold
    /Rockwell-Italic
    /RomanC
    /RomanD
    /RomanS
    /RomanT
    /Romantic
    /RomanticBold
    /RomanticItalic
    /Sahara
    /SalTintorettoSH
    /SamBarberInitialsSH
    /SamPlimsollSH
    /SansSerif
    /SansSerifBold
    /SansSerifBoldOblique
    /SansSerifOblique
    /Sceptre
    /ScribbleRegular
    /ScriptC
    /ScriptHebrew
    /ScriptS
    /Semaphore
    /SerifaBT-Black
    /SerifaBT-Bold
    /SerifaBT-Italic
    /SerifaBT-Roman
    /SerifaBT-Thin
    /Sfn2Bold
    /Sfn3Italic
    /ShelleyAllegroBT-Regular
    /ShelleyVolanteBT-Regular
    /ShellyMarisSH
    /SherwoodRegular
    /ShlomoAleichemSH
    /ShotgunBT-Regular
    /ShowcardGothic-Reg
    /Shruti
    /SignatureRegular
    /Signboard
    /SignetRoundhandATT-Italic
    /SignetRoundhand-Italic
    /SignLanguage
    /Signs
    /Simplex
    /SissyRomeoSH
    /SlimStravinskySH
    /SnapITC-Regular
    /SnellBT-Bold
    /Socket
    /Sonate
    /SouvenirITCbyBT-Demi
    /SouvenirITCbyBT-DemiItalic
    /SouvenirITCbyBT-Light
    /SouvenirITCbyBT-LightItalic
    /SpruceByingtonSH
    /SPSFont1Medium
    /SPSFont2Medium
    /SPSFont3Medium
    /SpsFont4Medium
    /SPSFont4Medium
    /SPSFont5Normal
    /SPSScript
    /SRegular
    /Staccato222BT-Regular
    /StageCoachRegular
    /StandoutRegular
    /StarTrekNextBT-ExtraBold
    /StarTrekNextPiBT-Regular
    /SteamerRegular
    /Stencil
    /StencilBT-Regular
    /Stewardson
    /Stonehenge
    /StopD
    /Storybook
    /Strict
    /Strider-Regular
    /StuyvesantBT-Regular
    /StylusBT
    /StylusRegular
    /SubwayRegular
    /SueVermeer4LightItalicSH
    /SueVermeer4LightSH
    /SueVermeer5MedItalicSH
    /SueVermeer5MediumSH
    /SueVermeer6DemiItalicSH
    /SueVermeer6DemiSH
    /SueVermeer7BoldItalicSH
    /SueVermeer7BoldSH
    /SunYatsenSH
    /SuperFrench
    /SuzanneQuillSH
    /Swiss721-BlackObliqueSWA
    /Swiss721-BlackSWA
    /Swiss721BT-Black
    /Swiss721BT-BlackCondensed
    /Swiss721BT-BlackCondensedItalic
    /Swiss721BT-BlackExtended
    /Swiss721BT-BlackItalic
    /Swiss721BT-BlackOutline
    /Swiss721BT-Bold
    /Swiss721BT-BoldCondensed
    /Swiss721BT-BoldCondensedItalic
    /Swiss721BT-BoldCondensedOutline
    /Swiss721BT-BoldExtended
    /Swiss721BT-BoldItalic
    /Swiss721BT-BoldOutline
    /Swiss721BT-Italic
    /Swiss721BT-ItalicCondensed
    /Swiss721BT-Light
    /Swiss721BT-LightCondensed
    /Swiss721BT-LightCondensedItalic
    /Swiss721BT-LightExtended
    /Swiss721BT-LightItalic
    /Swiss721BT-Roman
    /Swiss721BT-RomanCondensed
    /Swiss721BT-RomanExtended
    /Swiss721BT-Thin
    /Swiss721-LightObliqueSWA
    /Swiss721-LightSWA
    /Swiss911BT-ExtraCompressed
    /Swiss921BT-RegularA
    /Syastro
    /Sylfaen
    /Symap
    /Symath
    /SymbolGreek
    /SymbolGreek-Bold
    /SymbolGreek-BoldItalic
    /SymbolGreek-Italic
    /SymbolGreekP
    /SymbolGreekP-Bold
    /SymbolGreekP-BoldItalic
    /SymbolGreekP-Italic
    /SymbolGreekPMono
    /SymbolMT
    /SymbolProportionalBT-Regular
    /SymbolsAPlentySH
    /Symeteo
    /Symusic
    /Tahoma
    /Tahoma-Bold
    /TahomaItalic
    /TamFlanahanSH
    /Technic
    /TechnicalItalic
    /TechnicalPlain
    /TechnicBold
    /TechnicLite
    /Tekton-Bold
    /Teletype
    /TempsExptBoldSH
    /TempsExptItalicSH
    /TempsExptRomanSH
    /TempsSwashSH
    /TempusSansITC
    /TessHoustonSH
    /TexCatlinObliqueSH
    /TexCatlinSH
    /Thrust
    /Times-Bold
    /Times-BoldItalic
    /Times-BoldOblique
    /Times-ExtraBold
    /Times-Italic
    /TimesNewRomanMT-ExtraBold
    /TimesNewRomanPS-BoldItalicMT
    /TimesNewRomanPS-BoldMT
    /TimesNewRomanPS-ItalicMT
    /TimesNewRomanPSMT
    /Times-Oblique
    /Times-Roman
    /Times-Semibold
    /Times-SemiboldItalic
    /TimesUnic-Bold
    /TimesUnic-BoldItalic
    /TimesUnic-Italic
    /TimesUnic-Regular
    /TonyWhiteSH
    /TransCyrillic
    /TransCyrillic-Bold
    /TransCyrillic-BoldItalic
    /TransCyrillic-Italic
    /Transistor
    /Transitional521BT-BoldA
    /Transitional521BT-CursiveA
    /Transitional521BT-RomanA
    /TranslitLS
    /TranslitLS-Bold
    /TranslitLS-BoldItalic
    /TranslitLS-Italic
    /TransRoman
    /TransRoman-Bold
    /TransRoman-BoldItalic
    /TransRoman-Italic
    /TransSlavic
    /TransSlavic-Bold
    /TransSlavic-BoldItalic
    /TransSlavic-Italic
    /Trebuchet-BoldItalic
    /TrebuchetMS
    /TrebuchetMS-Bold
    /TrebuchetMS-Italic
    /TribuneBold
    /TribuneItalic
    /TribuneRegular
    /Tristan
    /TrotsLight-HMK
    /TrotsMedium-HMK
    /TubularRegular
    /Tunga-Regular
    /Txt
    /TypoUprightBT-Regular
    /UmbraBT-Regular
    /UmbrellaPSMT
    /UncialLS
    /Unicorn
    /UnicornPSMT
    /Univers
    /UniversalMath1BT-Regular
    /Univers-Bold
    /Univers-BoldItalic
    /UniversCondensed
    /UniversCondensed-Bold
    /UniversCondensed-BoldItalic
    /UniversCondensed-Italic
    /UniversCondensed-Medium
    /UniversCondensed-MediumItalic
    /Univers-CondensedOblique
    /UniversExtended-Bold
    /UniversExtended-BoldItalic
    /UniversExtended-Medium
    /UniversExtended-MediumItalic
    /Univers-Italic
    /UniversityRomanBT-Regular
    /UniversLightCondensed-Italic
    /UniversLightCondensed-Regular
    /Univers-Medium
    /Univers-MediumItalic
    /URWWoodTypD
    /USABlackPSMT
    /USALightPSMT
    /Vagabond
    /Venetian301BT-Demi
    /Venetian301BT-DemiItalic
    /Venetian301BT-Italic
    /Venetian301BT-Roman
    /Verdana
    /Verdana-Bold
    /Verdana-BoldItalic
    /Verdana-Italic
    /VinerHandITC
    /VinetaBT-Regular
    /Vivaldii
    /VladimirScript
    /VoguePSMT
    /Vrinda
    /WaldoIconsNormalA
    /WaltHarringtonSH
    /Webdings
    /Weiland
    /WesHollidaySH
    /Wingdings-Regular
    /WP-HebrewDavid
    /XavierPlatoSH
    /YuriKaySH
    /ZapfChanceryITCbyBT-Bold
    /ZapfChanceryITCbyBT-Medium
    /ZapfDingbatsITCbyBT-Regular
    /ZapfElliptical711BT-Bold
    /ZapfElliptical711BT-BoldItalic
    /ZapfElliptical711BT-Italic
    /ZapfElliptical711BT-Roman
    /ZapfHumanist601BT-Bold
    /ZapfHumanist601BT-BoldItalic
    /ZapfHumanist601BT-Italic
    /ZapfHumanist601BT-Roman
    /ZappedChancellorMedItalicSH
    /ZurichBT-BlackExtended
    /ZurichBT-Bold
    /ZurichBT-BoldCondensed
    /ZurichBT-BoldCondensedItalic
    /ZurichBT-BoldItalic
    /ZurichBT-ExtraCondensed
    /ZurichBT-Italic
    /ZurichBT-ItalicCondensed
    /ZurichBT-Light
    /ZurichBT-LightCondensed
    /ZurichBT-Roman
    /ZurichBT-RomanCondensed
    /ZurichBT-RomanExtended
    /ZurichBT-UltraBlackExtended
    /ZWAdobeF
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /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
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /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 (None)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org?)
  /PDFXTrapped /False

  /SyntheticBoldness 1.000000
  /Description <<
    /DEU <>
    /ENU <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [2834.646 2834.646]
>> setpagedevice


