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Abstract The gene of interferon regulatory factor-2
(IRF-2) has been cloned from the mandarin fish
(Siniperca chuatsi). The IRF-2 gene has 6,418 nucleotides
(nt) and contains eight exons and seven introns, encoding
two mRNAs. The two IRF-2 mRNAs each contained an
open reading frame of 873 nt, which both translate into
the same 291 amino acids but differed in their 5’ un-
translated region: one mRNA was transcribed initially from
the exon 1 bypassing exon 2, while the other was tran-
scribed from the exon 2. The microsatellites (CA repeats)
could be found in the carboxyl terminal region of mandarin
fish IRF-2, which result in the truncated form molecules.
The microsatellites’ polymorphism was investigated, and
eight alleles were found in 16 individuals. The micro-
satellites were also examined in IRF-2 of several freshwater
perciform fishes. The transcription of the IRF-2 in different
tissues with or without poly inosine—cytidine stimulation
was analyzed by real-time PCR, and the constitutive
transcription of both molecules could be detected in all
the tissues examined.
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Abbreviations

IRF interferon regulatory factor
ORF open reading frame

nt nucleotides

aa amino acid(s)

UTR untranslated region

Poly I: C  poly inosine-cytidine
Introduction

Interferon regulatory factors (IRFs) were first discovered as
transcriptional factors regulating the transcription of inter-
ferons (IFNs) and IFN-induced genes (Mamane et al.
1999). So far, nine members in the IRF family have been
reported in mammals, and they have been confirmed with
some important functions, such as antiviral defense,
immuno-regulation, and growth control (Barnes et al.
2002). IRF-1 was originally identified as the transcriptional
activator of the type I IFN gene and IFN-induced genes
(Kroger et al. 2002). IRF-2 was usually regarded as a
transcriptional repressor, acting in antagonistic manners
with IRF-1, but its transcriptional activating function was
also found in several other genes including histone H4,
VCAM-1, gp9iphox, interleukin-7, and class II trans-
activator (Vaughan et al. 1995; Luo and Skalnik 1996;
Jesse et al. 1998; Xi and Blanck 2003; Oshima et al. 2004).
Recently, IRF-2 deficiency revealed a novel checkpoint
critical for the generation of peripheral NK cells (Taki et al.
2005). IRF-4 and IRF-8 are usually expressed at lymphoid
tissues (Mamane et al. 1999). IRF-3, IRF-5, and IRF-7 have
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been recognized as direct transducers in virus-mediating
signaling (Barnes et al. 2002), and IRF-7 is regarded as the
master regulator of type I IFN-dependent immune
responses (Kawai et al. 2004; Honda et al. 2005a,b).
Structurally, all members of the IRF family share homology
in their first 115 amino acids (aa), encompassing the DNA
binding domain that contains a characteristic repeat of
tryptophans; the carboxyl-terminal regions of these proteins
are more diverse. All IRFs, except IRF-1 and IRF-2, have
an IRF association domain (IAD) that is responsible for
interaction with other family members or transcription
factors, whereas IRF-1 and IRF-2 contain another associ-
ation domain (IAD2) (aa 210-265 in human IRF-2) that is
essential for their interaction with IRF-8 (Schaper et al.
1998; Meraro et al. 1999). The IRF-2 also contains the
acidic region (aa 182-218) functioned as a transactivating
domain (Jesse et al. 1998). Although research indicates the
carboxyal terminus of IRF-2 (aa 325-349) rich in basic aa
is a repressor motif (Yamamoto et al. 1994), some research
did not support this view (Jesse et al. 1998; Chung and
Kawamoto 2004).

In teleost fish, however, IRF genes have been sequenced
only from a few species of fish, although the fish are a large
heterogeneous group of lower vertebrates: IRF-1 and IRF-2
in rainbow trout Oncorhynchus mykiss (Collet et al. 2003a),
IRF-7 similar sequence in crucian carp Carassius auratus
(Zhang et al. 2003), and IRFs in pufferfish Fugu rubripes
and Japanese flounder Paralichthys olivaceus which actu-
ally are IRF-1 molecules (Yabu et al. 1998; Richardson
et al. 2001). In comparison to mammals, the knowledge of
fish IRFs is rather limited, and much more research is
needed to understand the diversity of the IRF members and
their functions in fish immune responses. In China, the
mandarin fish or the so-called Chinese perch, Siniperca
chuatsi (Basilewsky), which belongs to Perciformes of the
most diversified group of fish (Nelson 1994), is an im-
portant species for aquaculture. However, the immune gene
information of perciform fish is scarce when compared with
fish in other taxa, such as cyprinid and salmonid fish of
high economical importance. In addition, the recent re-
search revealed more important functions of IRF-2 (Oshima
et al. 2004; Taki et al. 2005), and more information in lower
vertebrates will help understanding its roles in a compar-
ative way. Thus, the gene structure and transcription of
IRF-2 from mandarin fish are reported in this paper.

Materials and Methods

Cloning the IRF-2 ¢cDNA sequences by rapid amplification
of cDNA ends—polymerase chain reaction (RACE-PCR)

Degenerate primers to obtain IRF-2 were designed by
comparing all known IRF-2 sequences. All primers used in

this paper are listed in Table 1. Two mandarin fish,
weighing about 230 g each, were injected with 400 pg
poly inosine—cytidine (Poly I: C) (Sigma, USA), and 36 h
later, the RNA was isolated using Trizol (Invitrogen, USA)
from the spleen and reverse transcribed into cDNA by
Powerscript II reverse transcriptase (RT) with coding
sequence primer [SMART rapid amplification of cDNA
ends (RACE) cDNA Amplification Kit, Clontech, USA].
The PCR cycling conditions were 94°C for 3 min followed
by 30 cycles of 94°C for 30 s, 54°C for 30 s, and 72°C for
2 min, and then a final elongation step at 72°C for 5 min.
PCR products were cloned into pGEM-T vector (Promega,
USA) and sequenced.

To recover the full-length cDNA sequence, 3" and 5’
RACE were performed by using the gene specific primers
and adaptor primers. The PCR cycling conditions were 94°C
for 3 min followed by 30 cycles of 94°C for 30 s, 64°C for
30 s, and 72°C for 2 min, and then a final elongation step at
72°C for 5 min. The basic local alignment search tool
program from the National Center for Biotechnology
Information was used to identify similar sequences.
Multiple sequence alignments were performed using the
CLUSTAL W 1.8 program. The phylogenetic tree based on
the results of alignments was obtained by using the Mega
2.1 program (Kumar et al. 2001).

Cloning genomic sequences of the mandarin fish IRF-2

Two IRF-2 mRNA sequences isolated by RACE-PCR
differed only in the 5" untranslated region (UTR) and were
named as IRF-2a and IRF-2b. To determine whether the
two mRNAs were transcribed from the same or different
IRF genes, primers were designed at the beginning and end
of each cDNA and long-distance PCR was used to obtain
the full sequence of the corresponding gene (Takara LA
Taq, Takara, Japan) (Table 1). The 5’ flanking region of
IRF-2 gene was obtained by using Universal Genome
WalkerTM kit (Clontech). The sequence of the 5’ flanking
region was analyzed by using P-Match and TRANSFAC
database for potential transcriptional factor binding sites
(Chekmenev et al. 2005).

Southern blotting analysis

Genomic DNA was extracted from mandarin fish kidney
using a Wizard Genomic DNA Purification Kit (Promega)
and digested at 37°C for 6 h with one unit Dra 1, Pst 1,
EcoR V (Takara), each per 1 ug DNA. DNA (10 pg/lane)
was electrophoresed on 0.7% agarose gel and transferred to
nylon membrane (Amersham, UK) using upward capillary
transfer. Transferred DNA was hybridized with a probe
labeled using the digoxigenin High Prime Labeling System
(Boehringer, Mannheim, Germany). The hybridized bands
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Table 1 Primers used for the mandarin fish IRF-2 cloning and expression analyses

Name Sequence (5'-3") Application

Dl GGATG(C/A)G(G/C)ATG(C/A)G(A/T/G/C)CC(A/T/G/C)TGG IRF-2 conserved region cloning
D2 GC(C/T)TTCCA(T/G)GT(C/T)TT(A/T/G/C)GG(A/G)TC IRF-2 conserved region cloning
2-5pl GCCCATCTCATGAAGAGCGGAGCATC IRF-2 ¢cDNA 5’ RACE

2-5p2 CTGGACGGTCTATGCCTGGCTGG IRF-2 ¢cDNA 5’ RACE

2-3pl TGGCTGGGACCTGGAGAAAGATG IRF-2 ¢cDNA 3’ RACE

Actin F GAC ATC AAG GAG AAG CTG TGC T Actin real-time PCR

Actin R ATG CTG TTG TAG GTG GTC TCG T Actin real-time PCR

IRF2S1 TCGTAGAAGCAGTAGGTGTTG IRF-2 Southern blotting probe
IRF2S1 GCCATTCTGCTGTTCCAACTAC IRF-2 Southern blotting probe
IRF2aF GTCCAAACTGAGCAGGACACA IRF-2a real-time PCR

IRF2bF AGACTTCCTACAGGACGACATGA IRF-2b real-time PCR

IRF2R ATGAAGAGCGGAGCATCTTTC IRF-2a and IRF-2b real-time PCR
MF GTCTGTCAGAC(GC)AT(TC)GA(AG)GTGACCAC IRF-2 microsatellites region
MR TGTGGTCAAAACTGTGGCTCTG IRF-2 microsatellites region

were visualized by using the 5-bromo-4-chloro-3-indolyl
phosphate/nitro blue tetrazolium phosphatase substrate
system.

Transcription of IRF-2a and IRF-2b in different tissues
analyzed by real-time PCR

To examine the temporal changes of IRF-2 transcripts in
different tissues, a group of three mandarin fish, each
weighing about 300 g, were each injected intraperitoneally
with 2 mg Poly I: C (Sigma) dissolved in phosphate-
buffered saline (PBS), and another group of three fish used
as controls with similar size were injected with PBS. Forty
eight hours later, the head kidney, kidney, spleen, liver,
heart, intestine, and gill were dissected out for isolating
total RNA using Trizol reagent (Life Technologies, USA).
Before the stimulation and tissue sampling, fish were
anesthetized with MS-222 (Sigma). RNA samples were
treated with RQ1 RNase-free DNase (Promega) and then
desalted before cDNA synthesis using the Absolute RNA

RT-PCR Miniprep Kit. Total RNA was quantified by
determination at OD,g. The purified total RNA (2 pg)
was then reverse transcribed into cDNA using Powerscript
II RT (Clontech). The final volume of the cDNA synthesis
reaction was 20 pl.

External controls consisted of plasmid cDNA standards
for IRF-2a, IRF-2b, and (-actin. IRFs and (3-actin cDNA
fragments were generated by RT-PCR, and each amplicon
was purified using the DNA Gel Exaction Kit (Qiagen,
Germany) and cloned using pMDI18-T vector (Takara)
according to standard protocols. Plasmid DNA was pre-
pared with the Plasmid Mini Kit (Qiagen) and the identities
of purified cDNA constructs were verified by sequencing.
The cDNA plasmid concentrations were measured at OD,gq
and the corresponding copy numbers were calculated based
on the formula that 1 pg of 1,000-bp DNA is equivalent to
9.1x10° molecules.

Quantitative real-time RT-PCR was conducted by am-
plifying 0.5 pl cDNA with the SYBR Green qPCR Kit
(Finnzymes, Finland) on a Chromo4 Real-Time Detection
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Fig. 1 Schematic representation of the genomic organization of IRF-2. a Mandarin fish IRF-2 (GenBank accession number AY395717); b human
IRF-2 (NC _000004). The nt numbers of each exon and intron are also indicated
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CTGGACACAGAAACAGAAATCCACGACGGCCACACTTTCCTTCTTCTTTTTTTTTTATTA 60
AAACCACAAATAAATTAACTTGTCCAACTTCAGCTGCGCTTGTTATTCTGACAGCAGGAC 120
TGTGAAGCTAACGTTACAGGCCGTCCAAACTGAGCAGGACACAE:@CCAGTAGAGAGAAT 180

M P vV E R M 6

GAGGATGCGGCCGTGGCTGGAGGAACAGATCGACTCCTGTCAGATACCAGGGCTCAAATG 240

R M R P W L E E Q I

S c Q I P G L K W 26

GGTTAACAAAGAAAAGAGAATCTTCCAGATCCCATGGATGCATGCTGCGCGTCATGGCTG 300

vV N K E K R I F Q I

W M H A A R H G W 46

GGACCTGGAGAAAGATGCTCCGCTCTTCATGAGATGGGCCATACATACTGGTAAATACCA 360

D L E K D A P L F M

W A I H T G K Y Q 66

GCCAGGCATAGACCGTCCAGATCCCAAGACGTGGAAGGCTAATTTCCGCTGTGCCATGAA 420

P G I D R P D P K T

K A N F R ¢c A M N 86

CAGCCTGCCAGACATCGAGGAGGTGAAGGATAAAAGCATCAAAAAGGGAACTAATGCCTT 480

S L P D I E E vV K D

S I K K G T N A F 106

CAGGGTCTATAAGATGCTCTCCTCCTCAGAGAGAAGCATGAAGAAAGGAAAGAAGAAGAC 540

R VvV Y K M L S S S E

s M K K G K K K T 126

AGACAAAGAGGGGAGGCCCAAGGGAAACAAAGAGGTAGCTTCTCCATCTCCAGACAGGAC 600

D K E G R P K G N K

v A S P S P D R T 146

TCCATCTGATGCTCCTGTTGGACCCATTGACTTCACCAAACAGGAAGTGATCAAGCAGGA 660

P s D A P V G P I D

T K Q E Vv I K Q E 166

AACAGTAGAGCTTACAGTGATGGACAACGCCTCAGCCATTCACAGTTCGGTAGAAGACCA 720

T v E L T VvV M D N A

A I H s s VvV E D H 186

TGTGATCACCAGCGAGCAGCTTCCATTCGTCTGTCAGACGATTGAAGTGACCACAGAGAA 780

v I T S E Q L P F Vv

Q T I E VvV T T E N 206

CGAAGAGCAGACTGTTAGCTCCTCCCACTCGTACCCGCTCCAAATCTCTCCCGTGTCTTC 840

E E Q T V S S S H s

P L Q I S P Vv S S 226

ATGCTGCGGTGAGACAACACACACACATGCTCACACACACACACACACACACACACACA] 900

C C G E T T H T H A

T H T H T H T H T 246

ACACACACAICGTACGTGCACGCTGCACACATCACCCTTTACCAGATTATGTTATGAGGAG 960

H T H VvV R A R C T H

P L P D Yy v M R R 266

GAGTATAAATAGGTTAGTTACATGGGACCGGGCTCGTAGAAGCAGTAGGTGTTGTAGTTT 1020

S I N R L \Y% T W D R

R R S s R C C s F 286

TTCAGAGCCACAGTTTC CACAGTTACAATCAAGCAAGCTTTTCTGGAACATAGTGGT 1080

S E P Q F Stop

291

TACCACACATACAAAGGAACAACTTACGAGGTTAATGGTACGTGTGTGTGTTAAAACACA 1140
CAGCTAAATATGGCTGTCATGCTCAAATGAGGTATTGTTTTTTTTTTTTTGGTTCGGATT 1200
AATTGGTGTTGGAATAGCCAGCAAACAACAAAACTGTGGTTCTTATGGTGATCCCATGAC 1260
CTGTTAATATCATGTCAATGTCATTACACCATCCCCTATTACATCATCCACCTAAAGTGT 1320
CTGCATGTTCTGTTTTACAGTCCCCGGGTCTTATCTTAAGTGGGGAACAGCATGGGCAAA 1380
CCAGCTGAATGTTGAGAATAACCAACCATAGATGTGATCACGACTGCTAACAGTAATTGA 1440
ATTCGACTTGCTCAGGCTGTTTTTTCAACTTGTAGTTGGAACAGCAGAATGGCTTTTGCT 1500
AGAATTAAATTCAAAACAATTTAAAAAGTGCACTTGAAAAAAAAAAAAA 1598

Fig. 2 Compiled nt and aa sequence for mandarin IRF-2a cDNA sequence (accession number: AY395717). Tryptophan repeats are shown in
gray; the CA repeats and start and stop codons are boxed. Polyadenylation, RNA instability motifs are underlined

System (MJ Research, USA). Amplification conditions
were 94°C for 4 min, followed by 40 cycles of 94°C for
30 s, 58°C for 25 s, and 72°C for 30 s. Melting curve
analysis of amplification products was performed at the end
of each PCR reaction to confirm that a single PCR product
was detected. Quantities of specific mRNAs in samples
were measured according to the corresponding gene
specific standard curves. Each sample was run in three
tubes, and PCR reactions without the addition of the
template were used as blanks. After completion of the

PCR amplification, data were analyzed with the Opticon-
Monitor software 2.03 version (MJ Research). The exact
copy number of IRF mRNA in each tissue before Poly I: C
stimulation was derived from each threshold value in
correspondence to the standard curve, and the relative
change after stimulation was calculated based on the
method using actin as the internal control (Livak and
Schmittgen 2001). T test was used to compare the meant
SD value between two groups of samples with or without
Poly I: C stimulation, and the difference (P<0.05) between
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two groups would indicate that there was a significant
change.

Confirmation of microsatellites polymorphism in mandarin
fish IRF-2 and detection microsatellites in some
perciform fish IRF-2 genes

To confirm the influence of the microsatellites on the open
reading frame (ORF) of mandarin fish IRF-2 and micro-
satellites polymorphism, fragments were amplified from
DNA samples of 16 mandarin fish, and nine clones from
each fish were sequenced from both directions.

To examine whether the microsatellites exist in other
perciform fish IRF-2, degenerate primers were designed by
comparing all IRF-2 sequences available to amplify the
corresponding region from isolated DNA. Fish used in this
experiment were Korean aucha perch Coreoperca herzi
(Herzenstein), Japanese aucha perch Coreoperca kawame-
bari (Temminck et Schlegel), Coreoperca roulei (Wu),
Coreoperca whiteheadi (Boulenger), spotted mandarin fish
Siniperca scherzeri (Steindachner), wavyline mandarin fish
Siniperca undulates (Fang et Chong), Siniperca kneri
(Garman), and Siniperca fortis (Lin). Due to the limitation
of sampling, only one individual each of C. herzi, C.
kawamebari, and C. roulei were analyzed in this study,
while three individuals used in the other species. Nine
clones of the amplified fragment from each individual were
sequenced from both directions.

Results

Two transcripts of the mandarin fish IRF-2 and its gene
structure

Two IRF-2 mRNAs, named as IRF-2a and IRF-2b, differed
in the 5" UTR. The two IRF-2 mRNAs contain an ORF of
873 nucleotides (nt) translating into the same 291 aa. But,
they have totally different sequences in the 5" UTR: the 5’
UTR of IRF-2a contains 163 nt, while the 5" UTR of IRF-
2b contains 51 nt. The same 3" UTR in the two mRNA
contains 518 nt with an atypical polyadenylation signal
(AATTAAA) starting 34 nt upstream from the PolyA tail
and contains only one mRNA instability motif (Fig. 1).
Based on the results of Southern blotting (Fig. 2) and the
corresponding genomic sequence, the two different mRNAs
were different transcripts of the same gene. From the first
transcription initiation site, the mandarin fish IRF-2 gene
extends 6,418 bp to the end of the 3’ UTR, and it contains
eight exons and seven introns (Fig. 3). All the 5" and 3’
ends of the introns, except the first one, show canonical
splicing motifs (GT/intron/AG). The IRF-2a starts its
transcription initiation from the exon 1 bypassing exon 2,
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Fig. 3 Southern blotting analy- Dra I Pst I EcoR V

sis of mandarin fish IRF-2

e

IRF-2

while the IRF-2b just starts from exon 2. The difference of
the two molecules was due to their transcription initiation
site and alternative splicing. The mandarin fish IRF-2 DNA
is a much compact one compared with human IRF-2, which
extends 86,789 bp (Fig. 1), and the third, fourth, fifth, and
sixth exons of mandarin fish IRF-2 contain the same
number of nt with the second, third, fourth, and fifth exons
of human IRF-2, respectively.

The amino-terminal DNA-binding domain (first 115 aa)
of the mandarin fish IRF-2 contains the repeated tryptophan
motif characteristic of all members of the IRF family
(Fig. 4). The unrooted phylogenetic tree was constructed
(Fig. 5), and the mandarin fish IRF-2 has the most
similarity with rainbow trout IRF-2 (Table 2). When
compared to other IRF-1 and IRF-2, the full-length aa
identities were 53.3% with rainbow trout IRF-2, 48.5%
with human and chicken IRF-2, 37.8% with chicken IRF-1,
and 34.0-34.7% with IRF-1 from fish and mammals. When
comparing the DNA binding domain, the identity was
88.7% with rainbow trout IRF-2, 87.0% with chicken and
mouse IRF-2, 75.7% with chicken IRF-1, 72.2% with
human and mouse IRF-1, 71.3% with rainbow trout IRF-1,
67.8% with Japanese flounder IRF-1, and 65.2% with the
pufferfish IRF-1.

The isolated 5’ flanking region of the mandarin fish IRF-
2 gene contains 1,103 nt (GenBank accession number
DQ472018). When compared with the promoters of human
IRF-2 and rainbow trout IRF-2 (AF455112), two same
binding motifs were found. One NFkappaB binding site
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|—> DNA binding domain (DBD)
HsIRF2 1 MPVERMRMRPWLEEQINSNTIPGLKWLNKEKKIFQIPWMHAARHGWDVEKDAPLFRNRAI
MmIRF2 1 MPVERMRMRPWLEEQINSNTIPGLKWLNKEKKIFQIPWMHAARHGWDVEKDAPLFRNWATL
GgIRF2 1 MPVERMRMRPWLEEQINSNTIPGLKWINKEKKIFQIPWMHAARHGWDVEKDAPLFRNWATL
OmIRF2 1 MPVERMRMRPWLVEQINSSLIRGLIWINREKRIFQIPWMHAARHGWDLEKDAPLFMNWATL
ScIRF2 1 MPVERMRMRPWLEEQIDSCQIPGLKWVNKEKRIFQIPWMHAARHGWDLEKDAPLFMRWATL
Hkkkkkkkkkkk  Kkk k| kk ok ok kk kkkkkkkkkkkkkkk kkkkkkk  kk
]
HsIRF2 61 HTGKHQPGVDKPDPKTWKANFRCAMNSLPDIEEVKDKSIKKGNNAFRVYRMLPLSERPSK
MmIRF2 61 HTGKHQPGIDKPDPKTWKANFRCAMNSLPDIEEVKDRSIKKGNNAFRVYRMLPLSERPSK
GgIRF2 61 HTGKYQSGVDKPDPKTWKANFRCAMNSLPDIEEVKDKSIKKGNNAFRVYRMLPLSERPSK
OmIRF2 61 HTGKYQLGLDKPDPKTWKANFRCAMNSLPDIEEVKDKSIKKGTNAFRVYKMLSASERQTK
ScIRF2 61 HTGKYQPGIDRPDPKTWKANFRCAMNSLPDIEEVKDKSIKKGTNAFRVYKMLSSSERSMK
dhkkk Kk k Kk hkkkkkkkhkhkkhkkhkkhkkhkhkhkhkhk Khkkhkkk kkkkkk K*k  Kkkk K
HsIRF2 121 KGKKPKTEKEDKVKHIKQEPVESSLGLSNGVSDLSPEYAVLTSTIKNEVDSTVNIIVVGQ
MmIRF2 121 KGKKPKTEKEERVKHIKQEPVESSLGLSNGVSGFSPEYAVLTSAIKNEVDSTVNIIVVGQ
GgIRF2 121 KGKKTKSEKDDKFKQIKQEPVESSFGING--LNDVTSDYFLSSSIKNEVDSTVNIVVVGQ
OmIRF2 121 KGKK-RTEKGGKNKQQVEPGFPAMESMNGSVGDHHGPVVKVEVKEEVKDEYFTDCTEYLH
ScIRF2 121 KGKK-KTDKEGRPKGNKEVASPSPDRTPSDAPVGPIDFTKQEVIKQETVELTVMDNASAY
*kkk P 2 .. . .. et e e e e e e e e e e e e e
+—> transactivating domain |—> 4—+ IRF association
HsIRF2 181 SHLDSNIENQEIVTNPPDICQVVEVTTESDEQPVSMSELYPLQISPVSSYAESETTDSVP
MmIRF2 181 SHLDSNIEDQEIVTNPPDICQVVEVTTESDDQPVSMSELYPLQISPVSSYAESETTDSVA
GgIRF2 179 PHLDGSSEEQVIVANPPDVCQVVEVTTESDEQPLSMSQLYPLQISPVSSYAESETTDSVP
OmIRF2 180 LSSHSPGYDQLIVDDLPCVCQTIEVTTENEEQSVSSSHPYPLQISPVSSYGESDPDSVHS
ScIRF2 180 HS--SVGDHVITSEQLPFVCQTIEVITENEEQTVSSSHSYPLQISPVSSCCG--------
e e e e e e e e ko kK ckkkkk |k k k kkkkkkkkkk
domain 2 (IAD2) <—|
HsIRF2 241 SDEESAEGRPHWRKRNIEGKQYLSNMGTRGSYL-LPGMASFVTSNKPDLQVTIKEESNPV
MmIRF2 241 SDEENAEGRPHWRKRSIEGKQYLSNMGTRNTYL-LPSMATFVTSNKPDLQVTIKEDSCPM
GgIRF2 239 SDEENAEGRLHWQKKNIEGKQYLSNLGMRNTSHMLPSMATFVA-NKPDLQVTIKEESCPL
OmIRF2 240 EEDSKEDLRGGLWESSF------ TSSVLRVPSCSLPSMATFVTGGKVTNFKVTSTMD-PM
ScCIRF2 230 —---mmmmmm—mm——eoo oo ET[THTHAHTHTHTHTHTHTH]- - - VRARCTHH- PL
............. . . .. D I I A *,
|—> repression motif 4—|
HsIRF2 302 PYNSSWPPFQDLPLSSSMTPAS---SSSRP-DRETRASVIKKTSDITQARVKSC
MmIRF2 302 PYNSSWPPFTDLPLPAPVTPTP---SSSRP-DRETRASVIKKTSDITQARVKSC
GgIRF2 300 PYNSSWPPFPDIPLPQVVSTAST--SSSRP-DRETRASVIKKTSDITQSRVKSC
OmIRF2 295 PLISYSNSLWTRDMPAAQHPPSEQASSSQASAAETRASVIMKTSDI--SSVKTC
ScIRF2 262 PDYVMRRSINRLVTWDRARR------ SSRCCSFSEPQF----------------
* * %

Fig. 4 The alignment of the aa sequence of the mandarin fish IRF-2
and in comparison with IRF-2 sequences of vertebrates by using
CLUSTAL W program. The abbreviation names and GenBank
accession numbers of the genes are shown in Table 2. The conserved

could be found in the mandarin fish (=56 to —47) (position+
1 of the nt sequence is defined as the first transcription
initiation site), whereas the NFkappaB binding site could be
found in human (=101 to —92) and rainbow trout (=33 to
—24). It was interesting to find that the sequence GAG
GAAGTGAAAATGAAAT could be found both in manda-

residues are indicated with asterisks (*), and the similar residues with
periods (.). The conserved tryptophans are shown in gray, and the
microsatellites region is boxed

rin fish (—689 to —671) and rainbow trout IRF-2 (=158 to
—140) 5’ flanking regions, which has only two nt different
from the GGGGAAGCGAAAATGAAAT in the promoter
of human IRF-2 (—334 to —316). Several GAAA motifs
were also found in mandarin fish IRF-2 5’ flanking region.
Two putative IRF-8 binding sites were predicted in the first
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Fig. 5 Unrooted phylogenitic tree of IRF sequences. Complete aa
sequences were aligned by using ClustalW, and the tree was
constructed with unweighted pair group method with arithmetic mean

exon (+10 to +19 and +33 to +42); however, no significant
similarity could be found in the first intron of mandarin fish
IRF-2 when compared with human and rainbow trout
flanking regions.

Transcription of IRF-2a and IRF-2b in different tissues

The typical standard curve for IRF-2a, IRF-2b, and actin
are constructed using a series of 10-fold dilutions of each
plasmid DNA from 10*-10° copies. For each assay, the
linear correlation (>0.99) between the crossing point and
log concentration of IRFs or actin mRNA copy number was
observed. The amplification efficiencies during the expo-
nential phase were highly reproducible.

Both the IRF-2a and IRF-2b were constitutively
expressed genes, and the IRF-2a was the predominant
IRF-2 molecule in the tissues examined (Fig. 6). The copy
number of IRF-2a mRNA (copies/pg total RNA) before
stimulation was about 5.9x107 in the liver, 6.4x10” in the
intestine, 9.6x107 in the kidney, 1.4x10% in the heart,
1.4x10% in the pronephros, 2.4x10® in the gill, and 3.5x10®
in the spleen, after stimulation with Poly I: C, and
significant increases in transcripts observed in kidney and

@ Springer

in MEGA 2 and a bootstrap analysis was performed using 1,000
replicates to test the relative support for particular clades. GenBank
accession numbers of these genes are shown in Table 2

pronephros (P<0.05). The copy number of IRF-2b mRNA
before stimulation was about 8.0x10° in the liver, 1.1x107
in the heart, 1.6x10” in the intestine, 2.3x10 in the kidney,
2.8x107 in the head kidney, 2.9x107 in the spleen, and
2.8x107 in the gill, with a significant increase in transcripts
in the kidney after stimulation (P<0.05).

The microsatellites in the coding region of other perform
fish IRF-2

All the 16 mandarin fish analyzed were heterozygous with
two different alleles, and eight different alleles were
identified (Fig. 7). The insertions of TGCT or CGCT found
in seven alleles separate the CA repeat into two parts, and
the number of the second CA repeat varies from 19 to 27.
All the alleles identified in this investigation form the
truncated molecules, and the stop codon in each allele was
also shown in Fig. 7.

The IRF-2 molecules in other perciform fish investigated
in this study contain the microsatellites, although the length
of the CA repeats varies (Fig. 8). All the fish were
heterozygous, and both alleles form the truncated form
IRF-2. One allele from each fish was shown in Fig. 8.
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Table 2 IRF sequences used for phylogenetic tree construction and
multiple sequence alignment

Species Protein Accession no.
Homo sapiens HsIRF1 NM_002198
HsIRF2 NM_002199
HsIRF3 Q14653
HsIRF4 AAH15752
HsIRFS5 Q13568
HsIRF6 AF027292
HsIRF7 NM_ 004029
HsIRF8 A45064
HsIRF9 Q00978
Mus musculus MmIRF1 CAB9163
MmIRF2 NM_008391
MmIRF3 P70671
MmIRF4 NM 013674
MmIRF5 P56477
MmIRF6 AAB36714
MmIRF7 NM 016850
MmIRFS NM_008320
MmIRF9 NM_008394
Gallus gallus GgIRF1 L39766
GgIRF2 Q98925
GgIRF3 NP 990703
GgIRF4 AF320331
GgIRF8 Q90781
GgIRF10 AF380350
Xenopus laevis XIIRF6 D86492
Siniperca chuatsi ScIRF2 AY395717
Paralichthys olivaceus PoIRF ABO005883
Takifugu rubipes TrIRF AAK28340
Carassius auratus CalRF7 AY177629
Danio rerio DrIRF7 BQ074286
Oncorhynchus mykiss OmIRF1 AF332147
OmIRF2 AY 034055

107 copy/pg total RNA

2a 2b 2a 2b

2a 2b 2a 2b 2a

gill intestine  liver heart pronephros kidney spleen
Fig. 6 Transcripts of mandarin fish IRF-2a (2a) and IRF-2b (2b) in
different tissues. The white column represents tissue without Poly I: C
stimulation, and the black column represents tissue with Poly I: C
stimulation. Each column and bar represents the meantSD of from
three individuals, and an asterisk (*) indicates a significant change
(P<0.05)

2b 2a 2b 2a 2b

Discussion

The mandarin fish IRF-2 gene found in the present study
has some unique features in respects of gene organization,
alternative transcripts, and microsatellites. The eight exon
and seven intron organization differs from the clarified
human IRF-2 gene structure, which extends 86,789 bp and
contains nine exons and eight introns (Cha and Deisseroth
1994). The observation that two mRNAs are transcribed
from the same mandarin fish IRF-2 gene with the difference
in their transcriptional initiation sites has not been reported
for other IRF genes for vertebrates from teleosts to
mammals, although alternative splicing could be found in
mammal IRF-7 (Zhang and Pagano 1997). In addition,
alternative splicing has been shown to be involved in the
generation of various immuno-modulatory proteins, such as
EGF, transforming growth factor-f31, IL-2, IL-4, and others
(Atamas 1997).

It was not surprising to find similar transcriptional factor
binding motifs in the flanking regions of teleosts and
mammals. Previous research indicates that genes involved
in the same biological process are often regulated by similar
transcriptional mechanisms, and their proximal promoters
may contain similar transcriptional factor binding sites
(Pilpel et al. 2001; Elkon et al. 2003). The similar sequence
and motif that are found in IRF-2 flanking regions of fish
and mammal might indicate their functional importance.
The sequence GAGGAAGTGAAAATGAAAT found in
mandarin fish and rainbow trout was interesting because the
sequence (GAAAN;,GAAA) being the recognition se-
quence of IRF-1 (Escalante et al. 1998) suggests that the
expression of IRF1 could induce the IRF-2 transcription in
teleosts just as in mammals (Harada et al. 1994). The
binding site of NFkappaB, which is required for IRF-
family-mediated IFN-3 induction (Kirchhoff et al. 1999),
has been confirmed to be involved in the IRF-2 induction
(Harada et al. 1994). The promoters of human IRF-2
could be constitutively expressed and activated by IFN o
and IFN v in the transient expression assays (Cha and
Deisseroth 1994), and the promoter of rainbow trout IRF-2
could be activated by poly I: C (Collet et al. 2003b).
Whether or not the transcription of mandarin fish IRF-2 is
regulated by different promoters still remains to be clarified
in future work.

The constitutive transcriptions of both mandarin fish
IRF-2 mRNAs were similar to those in previous reports.
The IRF-2 is a constitutively expressed molecule in
mammals (Cha and Deisseroth 1994), and the constitutive
transcription of IRF-2 was also reported in cultured
rainbow tout cells and tissues (Collet et al. 2003b). The
elevation of mandarin fish IRF-2a in pronephros and kidney
may be induced by IFN and IFN-induced genes because
Poly I: C could effectively induce IFN and IFN-induced
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CAA(CA)5
CAA(CA)S5
CAA(CA)S5
CAA(CA)S5
CAA(CA)S5
CAA(CA)S5
CAA(CA)S5

TGCT (CA) 19
TGCT (CA) 20
TGCT (CA) 21 CGTA....TTATGAGGA.....
TGCT (CA) 22
CGCT (CA) 24
CGCT (CA) 25
TGCT (CA) 27

CAA(CA) 26

...TTATGAGGA.....AAATAGGTT.

TTATGAGGA.....

AAATAGGTT.

AR GTT

TTATGAGGA.....AAATAGGTT......

AR GTT

TTATGAGGA.....AAATAGGTT..

... TATGAGGA.....

TTATGAGGA.....AAATAGGTT.

Fig. 7 Confirmation of microsatellites’ polymorphism in mandarin fish IRF-2. Eight alleles were found in the 16 fish investigated. The CA repeat
number is indicated with (CA)n, and stop codon of each allele is boxed in sequence

Fig. 8 Comparison of some
perciform fish IRF-2 microsatel-
lite regions with rainbow trout
sequence. Fish used including
Coreoperca kawamebari (Ck),
Coreoperca herzi (Ch), Coreo-
perca whiteheadi (Cw), Sini-
perca scherzeri (Ss), Siniperca
Sortis (Sf), Coreosiniperca roulei
(Cr), Siniperca kneri (Sk), Sini-
perca undulates (Su), Onorhyn-
chus mykiss (Om). The stop
codon is boxed

@ Springer

Ck
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Ck

Ch

Cw
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Ck
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st

Su

Sk
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CACTCGTACCCGCTCCAAATCTCTCCTGTGTCTTCGTGCTGCG- - ~-GTGAGACGACACACACACACACACACACACACACACACACACAC

CACTCGTACCCGCTCCAAATCTCTCCTGTGTCTTCGTGCTGCG- - -GTGAGAC-----~----------—------ CACACACACACACAC
CACTCGTACCCGCTCCAGATCTCTCCCGTGTCTTCATGCTGCG- - -GTGAGACG--~--~--~---=-----=-------—--—---- AGACGCAC
CACTCGTACCCGCTCCAAATCTCTCCCGTGTCTTCATGCTGCG- - -GTGAGACAACACACAC-~~~~-~-~~~-~-=------ ATGCTCAT
CACTCGTACCCGCTCCAAATCTCTCCCGTGTCTTCATGCTGCG- - -GTGAGACAACACACACA---~-~~-~-~-=------~ CATGCTCAC
CACTCGTACCCGCTCCAAATCTCTCCCGTGTCTTCATGCTGCG- - -GTGAGACAACACACAC-~-~-~~-~-~-~---------- ATGCTCAC
CACTCGTACCCGCTCCAAATCTCTCCCGTGTCTTCATGCTGCG- - -GTGAGACAACACACACA-~--~~~~-~-~-------~ CATGCTCAC

CACTCGTACCCGCTCCAAATCTCTCCCGTGTCTTCATGCTGCG- - -GTGAGACAACACACACATGCTCACACGCACACGCACACGCACAC

CACCCGTACCCACTCCAGATCTCCCCTGTGTCCTCGTATGGAGAGAGTGACCCAGACAGTGTGCACAGTGAAGAGGACTCCAAGGAGGAT

Hkk kkkkkkk kkkkk kkkkk kk kkkkk Kkk ok * * *kkk ok
ACACACACACACACACACA------------- CACACAGAGCGCGCTGTACCACATTACGTTTTGAGAAGG-AGCATAAATAGGTTAGTT
ACACACACACACACACACACA----------- CACACGGAGCACGCTGTACCACATTACGTTTCGAGAAGG- AGCA@ATAGGTTAGTT
GCACGCACGCACACACACA------------- CAGGCACGGCACGCTGTACCACGTTACGTTTTGGGAAGG-GGCATAAATAGGTTAGTT
ACACACACACACACACGC---------- GCGCTCCACACATCACCCTTTACCAGATTATGTTA[TGA|GGAGG-AGTATAAATAGGTTAGTT

ACACACACACACACACACACACACATACGCGCTCCACACATCACCCTTTAC CAGATTATGTTGGAGG -AGTATAAATAGGTTAGTT
ACACGC------------=--------- GCGCTCCACACATCACCCTTTACCAGATTATGTTGGAGG -AGTATAAATAGGTTAGTT
ACACACACACACACACACGTACG--TGCACGCTGCACACATCACCCTTTACCAGATTATGTTATGAGGAGG-AGTATAAATAGGTTAGTT
ACACACACACACACTCACACGTACGTGCACGCTGCACACATCACCCTTTAC! CAGATTATGTTGGAGG -AGTATAAATAGGTTAGTT

CTTCGTGGTGGGCTGTGGGAATC- - -AAGTTTCACTTCCTCTGTGCTGAGAGTGCCCTCGTGCTCATTACCCAGCATGGCCACCTTTGTC

*k % * * kK * *k
A-CAGTACGTGGG--ACCGGGCTTGTGGAAG- - - -CAGTAGCTGTCG-AAATTTTTCAG-AGCCACAGTTTTGACCACA
A-CAGTACGTGGG- -ACTGGGCTTGTGGAAG- - - -CAGTAGCTGTCG-AAGTTTTTCAG-AGCCACAGTTTTGACCACA

AACAGTGCGTGGG - - ACCGGGCTTGTAGAAGG- - - CAG[TAGCTGTCGGAAGTTTTTCAG - AGCCACAGTTTTGACCACA

A------ CATGGG- -ACCGGGCTCGTAGAAG- - - -CAGTAGGTGTTG-TAGTTTTTCAG-AGCCACAGTTTTGACCACA
A------ CATGGG- -ACCGGGCTTGTAGAAG- - - -CAGTAGGTGTTG-TAGTTTTTCAG-AGCCACAGTTTTGACCACA
A------ CATGGG- -ACCGGGCTCGTAGAAG- - - -CAGTAGGTGTTG-TAGTTTTTCAG-AGCCACAGTTTTGACCACA
A------ CATGGG- -ACCTGGCTCGTAGAAG- - - - CAGTAGGTGTTG- TAGTTTTTCAG-AGCCACAGTTT[TGA|CCACA
A------ CATGGG- -ACCGGGCTCGTAGAAG- - - -CAGTAGGTGTTG-TAGTTTTTCAG-AGCCACAGTTTTGACCACA

ACTGGTGGAAAGGTAACCAACTTCAAAGTGACCAGCACCATGGACCCCATGCCCCTTATTAGCTACAGCAACAGCCTCTG
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genes, and the elevated expression of IFN and IFN-induced
genes could promote strong expression of IRF-2 (Cha and
Deisseroth 1994). The pronephros and kidney are important
lymphoid and hematopoietic organs of fish, which are
rich in leukocytes; elevated expression of IRF-2 would
keep the antiviral state in an elaborate way to prevent the
host defense system from overreacting (Barnes et al. 2002).
The high transcription of IRF-2a may be explained by the
nearby 5’ flanking region being a strong promoter because
it contains motifs similar to human and rainbow trout
IRF-2. The different transcription of mandarin fish IRF-2a
and IRF-2b may be due to different promoters or
regulated by cooperation of different transcriptional
factors and coactivators.

Another feature of mandarin fish IRF-2 was the micro-
satellites (CA repeats) in the C terminus of the ORF.
Microsatellites are short tandemly repeated sequence motifs
consisting of 1-6 bp. Over the past decade, microsatellites
have attracted considerable attention due to their involve-
ment in some neurodegenerative diseases and their high
polymorphism (Schlétterer 2000). Microsatellites in the
OREF region are not rare cases, and in fugu genome, 11.55%
of the microsatellites are detected in ORF regions (Edwards
et al. 1998). Most of the microsatellites in coding regions
have repeat unit sizes that are multiples of three, and the
dominance of triplets and hexanucleotide repeats may due
to the limitation by nonperturbation of the reading frame
because frameshift mutation would produce a wrong
corresponding protein, lead to a gain or loss of gene
function, and eventually cause phenotypic changes (Young
et al. 2000). However, the CA repeats in the mandarin fish
IRF-2 lead to frameshift and resulted in the truncated form
IRF-2.

The high polymorphism of CA repeats in mandarin fish
IRF-2 is surprising, and the elongation and shorting of the
CA repeat resulted in the polymorphism in this investiga-
tion. All the IRF-2 alleles investigated encode the
truncated form molecule with a threonine and histidine
tract. Microsatellites within genes should be subjected to
stronger selective pressure than other regions because of
their functional importance (Young et al. 2000; Li et al.
2004); thus, the C terminus containing the basic aa seems
not to be functionally indispensable for the mandarin fish.
In addition, a truncated form of IRF-2 has been observed in
previous research. IRF-2 can be processed by proteolysis
after viral infection, resulting in an approximately 160-aa
N-terminal peptide, which can also bind to target se-
quences, and some studies have shown that the truncated
versions of IRF-2 repress reporter genes more efficiently
than full-length IRF-2 does (Whiteside et al. 1994). The
existence and polymorphism of CA repeats in mandarin
IRF-2 may indicate different roles from its homologues of
mammals.

The fish in genera Coreoperca and Siniperca used in this
experiment are freshwater perciform fishes endemic to East
Asia including China, Vietnam, Japan, and Korea. Because
Perciformes is the largest and most diversified vertebrate
group and contains 37.7% of the total fish species (Nelson
1994), whether or not the truncated form IRF-2 only exist
within perciform fishes awaits further research.

Acknowledgements This study was supported by a grant (project
no. 30130150) from the National Natural Science Foundation of
China, and partially by a project from the Bureau of Life Science and
Biotechnology, Chinese Academy of Sciences (KSCX2-SW-302).
Three anonymous reviewers are sincerely acknowledged for their
comments and suggestions, which have improved the quality of the
manuscript.

References

Atamas SP (1997) Alternative splice variants of cytokines: making a
list. Life Sei 61:1105-1112

Barnes B, Lubyova B, Pitha PM (2002) On the role of IRF in host
defense. J Interferon Cytokine Res 22:59-71

Cha Y, Deisseroth AB (1994) Human interferon regulatory factor 2
gene: intron—exon organization and functional analysis of
5'-flanking region. J Biol Chem 269:5279-5287

Chekmenev DS, Haid C, Kel AE (2005) P-match: transcription factor
binding site search by combining patterns and weight matrices.
Nucleic Acids Res 33:432-437

Chung MC, Kawamoto S (2004) IRF-2 is involved in up-regulation of
nonmuscle myosin heavy chain II-A gene expression during
phorbol ester-induced promyelocytic HL-60 differentiation. J Biol
Chem 279:56042-56052

Collet B, Hovens GCJ, Mazzoni D, Hirono I, Aoki T, Secombes CJ
(2003a) Cloning and exprssion analysis of rainbow trout
Onorhynchus mykiss interferon regulatory factor 1 and 2 (IRF-1
and IRF-2). Dev Comp Immunol 27:111-126

Collet B, McDonald C, Secombes CJ (2003b) The promoter for the
interferon regulatory factor (IRF)-2 in the rainbow trout
Oncorhynchus mykiss: cloning and reporter gene activity. Fish
Shellfish Immunol 15:473-477

Edwards Y], Elgar G, Clark MS, Bishop MJ (1998) The identification
and characterization of microsatellites in the compact genome of
the Japanese pufferfish, Fugu rubripes: perspectives in functional
and comparative genomic analyses. ] Mol Biol 278:843-854

Elkon R, Linhart C, Sharan R, Shamir R, Shiloh Y (2003) Genome-
wide in silico identification of transcription regulators controlling
the cell cycle in human cells. Genome Res 13:773-780

Escalante CR, Yie J, Thanos D, Aggarwal AK (1998) Structure of
IRF-1 with bound DNA reveals determinants of interferon
regulation. Nature 391:103-106

Harada H, Takahashi E, Itoh S, Harada K, Hori TA, Taniguchi T
(1994) Structure and regulation of the human interferon
regulatory factor 1 (IRF-1) and IRF-2 genes: implications for a
gene network in the interferon system. Mol Cell Biol 14:
1500-1509

Honda K, Ohba Y, Yanai H, Negishi H, Mizutani T, Takaoka A, Taya
C, Taniguchi T (2005a) Spatiotemporal regulation of MyD8&8-
IRF-7 signaling for robust type-l interferon induction. Nature
434:1035-1040

Honda K, Yanai H, Negishi H, Asagiri M, Sato M, Mizutani T,
Shimada N, Ohba Y, Takaoka A, Yoshida N, Taniguchi T
(2005b) IRF-7 is the master regulator of type-I interferon-
dependent immune responses. Nature 434:772-777

@ Springer



784

Immunogenetics (2006) 58:774-784

Jesse TL, LaChance R, lademarco MF, Dean DC (1998) Interferon
regulatory factor-2 is a transcriptional activator in muscle where
it regulates expression of vascular cell adhesion molecule-1.
J Cell Biol 140:1265-1276

Kawai T, Sato S, Ishii KJ, Coban C, Hemmi H, Yamamoto M, Terai
K, Matsuda M, Inoue J, Uematsu S, Takeuchi O, Akira S (2004)
Interferon-alpha induction through Toll-like receptors involves a
direct interaction of IRF7 with MyD88 and TRAF6. Nat
Immunol 5:1061-1068

Kirchhoff S, Wilhelm D, Angel P, Hauser H (1999) NF«B activation
is required for interferon regulatory factor-1-mediated interferon
{3 induction. Eur J Biochem 261:546-554

Kroger A, Koster M, Schroeder K, Hauser H, Mueller PP (2002)
Activities of IRF-1. J Interferon Cytokine Res 22:5-14

Kumar S, Tamura K, Jakobsen IB, Nei M (2001) MEGA2: Molecular
evolutionary genetics analysis software. Bioinformatics 12:
12441245

Li YC, Korol AB, Fahima T, Nevo E (2004) Microsatellites within genes:
structure, function, and evolution. Mol Biol Evol 21:991-1007

Livak KJ, Schmittgen TD (2001) Analysis of relative gene expression
data using real-time quantitative PCR and the 2(-Delta Delta C
(T)) method. Methods 4:402—408

Luo W, Skalnik DG (1996) Interferon regulatory factor-2 directs
transcription from the gp9lphox promoter. J Biol Chem
271:23445-23451

Mamane Y, Heylbroeck C, Génin P, Algart¢ M, Servant MJ, LePage
C, DeLuca C, Kwon H, Lin RT, Hiscott J (1999) Interferon
regulatory factors: the next generation. Gene 237:1-14

Meraro D, Hashmueli S, Koren B, Azriel A, Oumard A, Kirchhoff S,
Hauser H, Nagulapalli S, Atchison ML, Levi BZ (1999) Protein—
protein and DNA-—protein interactions affect the activity of lym-
phoid-specific IFN regulatory factors. J Immunol 163:6468—6478

Nelson JS (1994) Fishes of the world, 3rd edn. Wiley, New York

Oshima S, Nakamura T, Namiki S, Okada E, Tsuchiya K, Okamoto R,
Yamazaki M, Yokota T, Aida M, Yamaguchi Y, Kanai T, Handa
H, Watanabe M (2004) Interferon regulatory factor 1 (IRF-1) and
IRF-2 distinctively up-regulate gene expression and production
of interleukin-7 in human intestinal epithelial cells. Mol Cell Biol
24:6298-6310

Pilpel Y, Sudarsanam P, Church GM (2001) Identifying regulatory
networks by combinatorial analysis of promoter elements. Nat
Genet 29:153-159

@ Springer

Richardson MP, Tay BH, Goh BY, Venkatesh B, Brenner S (2001)
Molecular cloning and genomic structure of a gene encoding
interferon regulatory factor in the pufferfish (Fugu rubripes). Mar
Biotechnol (NY) 3:145-151

Schaper F, Kirchhoff S, Posern G, Koster M, Oumard A, Sharf R,
Levi BZ, Hauser H (1998) Functional domains of interferon
regulatory factor I (IRF-1). Biochem J 335:147-157

Schlstterer C (2000) Evolutionary dynamics of microsatellite DNA.
Chromosoma 109:365-371

Taki S, Nakajima S, Ichikawa E, Saito T, Hida S (2005) IFN
regulatory factor-2 deficiency revealed a novel checkpoint
critical for the generation of peripheral NK cells. J Immunol
174:6005-6012

Vaughan PS, Aziz F, Van Wijnen AJ, Wu S, Harada H, Taniguchi T,
Soprano KJ, Stein JL, Stein GS (1995) Activation of a cell cycle
regulated histone gene by the oncogenic transcription factor
IRF2. Nature 377:362-365

Whiteside ST, King P, Goodbourn S (1994) A truncated form of the
IRF-2 transcription factor has the properties of a post-induction
repressor of interferon-beta gene expression. J Biol Chem
269:27059-27065

Xi H, Blanck G (2003) The IRF-2 DNA binding domain facilitates the
activation of the class II transactivator (CIITA) type IV promoter
by IRF-1. Mol Immunol 39:677-684

Yabu T, Hirose H, Hirono I, Katagiri T, Aoki T, Yamamoto E (1998)
Molecular cloning of a novel interferon regulatory factor in
Japanese flounder, Paralichthys olivaceus. Mol Mar Biol
Biotechnol 7:138-144

Yamamoto H, Lamphier MS, Fujita T, Taniguchi T, Harada H (1994)
The oncogenic transcription factor IRF-2 possesses a transcrip-
tional repressor and a latent activation domain. Oncogene
9:1423-1428

Young ET, Sloan JS, VanRiper K (2000) Trinucleotide repeats are
clustered in regulatory genes in Saccharomyces cerevisiae.
Genetics 154:1053-1068

Zhang LW, Pagano JS (1997) IRF7, A new interferon regulatory factor
associated with Epstein—Barr virus latency. Mol Cell Biol
17:5748-5755

Zhang YB, Hu CY, Zhang J, Huang GP, Wei LH, Zhang QY, Gui JF
(2003) Molecular cloning and characterization of crucian carp
(Carassius auratus L.) interferon regulatory factor 7. Fish
Shellfish Immunol 15:453-466



	Gene...
	Abstract
	Introduction
	Materials and Methods
	Cloning the IRF-2 cDNA sequences by rapid amplification of cDNA ends–polymerase chain reaction (RACE-PCR)
	Cloning genomic sequences of the mandarin fish IRF-2
	Southern blotting analysis
	Transcription of IRF-2a and IRF-2b in different tissues analyzed by real-time PCR
	Confirmation of microsatellites polymorphism in mandarin fish IRF-2 and detection microsatellites in some �perciform fish IRF-2 genes

	Results
	Two transcripts of the mandarin fish IRF-2 and its gene structure
	Transcription of IRF-2a and IRF-2b in different tissues
	The microsatellites in the coding region of other perform fish IRF-2

	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


