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Mau-Sun Chang, Jiann-Horng Leu,'Chen-Wen Yao, Fore-Lien Huang and Chang-Jen Huang (1997) Ge
nomic structure and promoter region of c-fos gene of round-spotted pufferfish, Tetraodon nigroviridis (Syn,
T. f1uviatilis) , Zoological Studies 36(3): 159-169. The round-spotted pufferfish c-fos gene was isolated from
a liver genomic library. Complete DNA sequences, including O,75-kb of the promoter region were deter
mined. Our data indicate that this gene is composed of 4 exons and 3 introns spanning about 3 kb. This
gene encodes a protein of 374 amino acids with a molecular mass of 42 262 Da. The amino acid sequence
identities between this puffer fish c-fos protein and fugu (another pufferfish species), human, mouse, and
chicken c-fos protein are 90%, 58%, 58%, and 53%, respectively, Two potential transcription initiation sites
were located by primer extension analysis, Examination of 0.75-kb of a 5'-f1ankingsequence revealed potential
binding sites for a variety of transcription factors such as CREB, E2A, Ets-1, GATA-1, HNF-5, c-Myb, and
Sp1. When the O.9-kb DNA fragment (-746 to + 153) was placed upstream of the chloramphenicol acetyl
transferase (CAT) reporter gene and transfected into a carp CF cell line, it could drive the synthesis of CAT
enzyme 2.7 times more efficiently than could the RSV promoter. Although lacking the known serum-response
element, the CAT activity of this region still could be induced by serum,
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The proto-oncogene fos is the normal cellular
homolog of the transforming gene, v-fos, of the FBJ
murine osteosarcoma virus (Curran et al. 1983,
Verma and Sassone-Corsi 1987). The c-Fos on
coproteins can associate with the c-Jun proteins
to form the gene regulator AP-1 (activator protein-1)
which regulates transcription of a specific set of
genes associated with cellular proliferation and
differentiation (Angel and Karin 1991). The transient
expression of Fos is one of the earliest responses
to numerous external stimuli, such as phorbol
esters, serum, and calcium ionophores. However,
overexpression of c-Fos in transgenic mice causes
osteosarcomas and chondrosarcomas (Ruther et
al. 1989). On the other hand, mice lacking Fos

develop osteopetrosis and exhibit altered hemato
poiesis. Thus, these results suggest that Fos also
plays important roles in the regulation of osteoclast
macrophage lineage determination (Johnson et al.
1992, Grigoriadis et al. 1994).

The mammalian AP-1 family is now known to
consist of multiple proteins, including those that
are Fos related (c-Fos, FosB, Fra-1, and Fra-2)
and those that are Jun related (c-Jun, JunB, and
JunD) (Angel and Karin 1991). The consensus
sequence of its recognition site has been identified
as TGA(G/C)T(A/C)A, which can also act as a TPA
and serum-inducible enhancer element (Lee et al.
1987). All of the Jun proteins can form both homo
and heterodimers (such as JunB/c-Jun) which thus

*To whom correspondence and reprint requests should be addressed,
* *The sequence data in this paper has been submitted to the EMBLlGenBank Data Libraries under the accession number U53520.

159



160 Zoological Studies 36(3): 159-169 (1997)

bind to the AP-1 binding site. On the other hand,
Fos proteins are not able to form homodimeric com
plexes and therefore do not bind DNA by them
selves. However, Fos proteins can associate with
any of the Jun proteins to form stable heterodimers
that have higher DNA-binding activity than the Jun
dimers alone (Angel and Karin 1991).

In our previous report (Chang et al. 1996),
we determined the genomic structure of the carp
JAK1 kinase gene and found 2 AP-1 binding sites
(TGACTCA and TGAGTAA) present in the promoter
region of this gene. We are interested in the tran
scriptional regulation of the carp JAK1 kinase gene
by AP-1. As an initial step to target this issue, we
first cloned the c-fos gene of the round-spotted
pufterfish, Tetraodon nigroviridis , by screening a
genomic library and herein present the complete
sequence as well as the promoter region of this
gene. The activity of the putative promoter region
of this gene has also been investigated by transient
expression in carp epitheloid CF cells (Chen and
Kou 1986).

MATERIALS AND METHODS

Isolation of genomic clones

By using the lambda FIXII as a cloning vector
(Stratagene, La Jolla, CA, USA), a round-spotted
pufferfish, Tetraodon nigroviridis, liver genomic
library was constructed and contained approximately
5 x 105 independent clones. The amplified library
was then used to isolate 15- to - 18 kilobase (kb)
genomic DNA clones containing the gene that
encodes round-spotted puffer c-Fos. Degenerate
primers were designed to fit the amino acid se
quences that are highly conserved in the Fos and
Fos-related proteins from several different species,
such as human (van Straaten et al. 1983), mouse
(van Beveren et al. 1983), and chicken (Fujiwara
et al. 1987). The amino acid sequences of the 2
opposing primers are 134pEEEEK and 194EFILAAH.
With these primers and genomic DNA as tem
plate, a PCR (Mullis and Faloona 1987) product
of 270 base pairs (bp) was obtained (data not
shown). Amplified DNA fragments were then
purified and ligated into pGEM-T (Promega,
Madison, WI, USA). Among the 12 clones se
quenced, 10 clones contained the same fos-related
sequences. Thus, DNA clones containing the
fos-related gene were then used as a probe to
screen the above round-spotted pufferflsh genomic
library. The probe was labeled using a DIG DNA

Labeling Kit (Boehringer Mannheim, Mannheim,
Germany). Approximately 1 x 106 amplified clones
were plated at a density of 5 x 104 plaque forming
units/150-mm Petri dish. Hybridization and washing
were carried out as previously described (Sambrook
et al. 1989). In brief, nitrocellulose (Schleicher
and Schuell, Dassel, Germany) lifts of the phage
plates were hybridized at 42°C overnight in 50%
(v/v) formamide containing 5 x SSC (1 x SSC =
150 mM NaCI, 15 mM sodium citrate, pH 7.0),
0.1% (w/v) SDS, 0.5% (w/v) N-Iauroylsarcosine,
2% Blocking Reagent (Boehringer Mannheim),
and a DIG-labeled probe. Following hybridization,
filters were washed in 2 x SSC, 0.1% (w/v) SDS
at 25°C for 30 min, then in 0.1% SSC, and 0.1%
(w/v) SDS at 25°C for 30 min. Signals were
detected using the DIG Luminescent Detection
Kit for Nucleic Acids (Boehringer Mannheim).
Clones of interest were further plaque purified by
3 more screening cycles. Phage DNA was pre
pared from individual pure clones as described
(Sambrook et al. 1989). Restriction fragments of
each phage DNA were characterized by Southern
analysis.

Subcloning and sequencing

Phage DNA was digested with Not I, Sac I,
and Sal I and subcloned into either the pUC18
(Boehringer Mannheim) or pBluescript (Stratagene)
vector. Each subclone was sequenced by the
dideoxy chain termination method (Sanger et al.
1977) with Sequenase (US Biochemical, Cleveland,
OH, USA) according to the manufacturer's in
structions. The nucleotide sequences of the 1st
and last 300 to 400 nucleotides of each DNA frag
ment were determined with M13/pUC direct and
reverse sequence primers. Based on the resulting
nucleotide sequences, 2 oligonucleotides of 20
nucleotides in length were synthesized and used
as primers to determine the nucleotide sequence
of the next 300 to 400 nucleotides in each direc
tion of the double-stranded DNA. The exon-intron
boundaries were determined by alignment of the
resulting sequences with exons of the human
(van Straaten et al. 1983), mouse (van Beveren
et al. 1983), and chicken (Fujiwara et al. 1987)
c-fos gene. Sequence assembly and alignment
were performed using the Genetics Computer
Group software program. The transcription factor
recognition site data bases (releases 7.3 and 6.5)
were used to identify transcription factor motifs
within the 5' flanking region of the round-spotted
pufferfish c-fos gene.
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Primer extension analysis

An antisense oligonucleotide (5'-TCAGCGT
TAAAAGACGTAAACATC-AT-3') corresponding to
26 nucleotides of the 1st translation start site
(Fig. 5) was labeled at the 5'-end with [y_32pJATP

by T4 polynucleotide kinase and purified on a
Stratagene NucTrap probe purification column.
Labeled primer was annealed to 5 /1-g of poly (A)+

RNA prepared from round-spotted pufferfish brain
total RNA and extended as described by Sambrook
et al. (1989). The extended products were anal
yzed on a 5% polyacrylamide!7 M urea sequencing
gel. The sizes of the extended products were in
ferred from a sequencing ladder of the c-fos gene
obtained from the same primer used for primer
extension.

from the dish and transferred to microcentrifuge
tubes. Cell debris were removed by centrifugation
at 12 000 rpm for 10 min and the extracts were
frozen at - 70 ac. Protein concentration was meas
ured by the Bio-Rad protein concentration quick
assay method (Bio-Rad, Richmond, CA, USA).
CAT and f)-galactosidase activities in these cell
extracts were measured according to previously
described procedures (Herbomel et al, 1984). Acety
lated products of the CAT assay were separated
by thin layer chromatography, developed with
chloroform-methanol (95:5, v/v), visualized by auto
radiography, and quantified by using the Phospho
Imager (Bio-Imaging Analyzer BAS 2000, FUji,
Japan).

RESULTS
Plasmid construction for functional analysis

A 0.9-kb DNA fragment encompassing the
5'-flanking region was subcloned into polylinker
regions of the reporter vector pCAT-Basic (Promega)
using PCR primers 5'-TTGGCATGCAAAAGTCG
CACTATAATTTT-3' (nucleotides -746 to -727) and
5'-GGGGTCGACTTAAAAG ACGTAAACATCAT-3'
(nucleotides + 134 to + 153). Each primer encodes
a unique restriction site (underlined) for the con
venience of subclonlnq (Sph I, GCATGC; and Sal
I, GTCGAC). The pRSV-CAT (Gorman et al. 1983)
and pJP1-CAT (Chang et al. 1996) were utilized
as positive controls.

Genomic structure of the round-spotted puf
ferfish c-tos gene

Two positive clones, F1 and F2, were isolated,
and their restriction enzyme maps were almost
identical. Therefore, only the F1 clone was further
characterized and sequenced. As shown in Fig.
1, the coding region (from translation start codon

exon
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Fig. 1. Physical map of the round-spotted pufferfish c-fos gene.
The structure of the gene is represented with regard to the
organization of the exons and introns. Exons are indicated
to scale by hatched boxes whereas introns and the 5'- and
3'·flanking regions are indicated by solid lines. The entire gene
spans about 3 kb in length and contains 4 exons. The restric
tion map shows cleavage sites for endonucleases Kpn I, Pst I,
Pvu II, Sac I, and Sail.
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Carp fin epitheloid cells, CF (Chen and Kou
1986), were maintained in Leibovitz's L-15 medium
supplemented with 10% fetal calf serum at 27 ac.
Approximately 5 x 105 cells were plated in 60-mm
culture dishes before transfection. After 12 h
plating, cells were washed twice with Leibovitz's
L-15 medium and incubated with DNA-Lipofectamine
complexes containing 4/1-g of the different CAT con
structs together with 1 /1-g of pSV-,8-galactosidase
vector (Promega) in duplicate. Transfection was
carried out for 5 h, after which cells were washed
with fresh Leibovitz's L-15 medium and fed with
the same medium supplemented with 5% fetal calf
serum. After the expected transfecting time, cells
were harvested, washed in phosphate-buffered
saline, and lysed with 25 mM Tris phosphate, pH
7.8, containing 2 mM dithiothreitol, 2 mM EDTA,
10% glycerol, and 1% Triton X-100 at room tem
perature for 30 min. The totallysates were scraped
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ATGATGTTTACGTCTTTTAACGCTGAGTGCGACTCTTCTTCCCGCTGCTCTGCCTCCCCGTCCGACAATGTCTACTATCC 80

M M F T S F N A E CDS S S R C S ASP S D N V Y Y P 27

GTCCCCGGCAGGGTCCTACTCCAGCATGGGCTCCCCGCAGTCTCAGgtacggccggctcagtgttgcatattagacgaag 160

SPA G S Y SSM G S P Q S Q 42

t t tcaggcagtt tgtgtat t t ta tgtcccgt t tggcgagccggaaaacgtga tacagctagt t taa tgct t t t taacata 2110

acagcacaagcttttcaggtgatccaattcaatctgatctttcctaacaacacactgacctccacttgcaataaattcgt 320

tcatctggaaagtcctcagagagtgtgtaacgtcatagctgacatcagagggatatttttacattctctagcttttaata 400

gaagctctccaatcttcattcataaccatccttgcaaagctgcagcagcttctcggtctcgaaagtgcagggctgagctt 480

ccctttccctatttctccacagGATTTGACTGACCTGACAGCATCAAGTGCCTCCTTCGTCCCCACGGTCACAGCCATCT 560

D LTD L T ASS A S F V P T V T A [S 62

CGACCAGCCCGGATCTGCAGTGGATGGTGCAGCCTTTGGTCTCCTCGGTGGCTCCTTCTCGCAGGGCTCACCCCTACAGT 640

T S P D L Q W M V Q P L V S S V A P S R R A II P Y S 88

CCCAGTCCCTCCTACAAGAGAACCGTCATGAGGTCTGGAGCCTCCAAGCCACACGCCAAGAGGGGTCGGGTGGAACAGgt 720

P S P S Y K R T V MRS GAS K P II A K R G R V E Q 114

aattagaactccgccttgtgttcccggggttttgtaaccgatagcaacacctgtttggccgtcagccgtcgctgaagcct 800

aaactttttgttgtcgtcactcagACTACACCCGAGGAGGAGGAGAAGAAAAGAATCCGCAGGGAGAGAAATAAGCAGGC 880

T T PEE E E K K R I R R ERN K Q A 133

AGCAGCTAAATGTCGTAACAGGAGGCGAGAACTCACAGATTCTTTGCAAGCGgtaagactcgctcacatctgctgtcttc 960

A A K C R N R R R E LTD S L· Q A 150

cagtgaaacaag t t.c tcacat t tgt tcgcagtct tgtgcaacagGAAACCGATCAGTTAGAGGCTGAGAAATCCAGCCTG 1040

E T D Q LEA E K S S L 162

CAGAACGATATTGCCAATCTTCTGAAGG AGAAGG AGCGTCTGG AGTTCATTCTGGCTGCCCACCAGCCCATCTGCAAG '\T [I20

Q N D [ A N L L K EKE R L E F [ L A A 1\ Q P [ C K I 189

CCCCTCCCAGATGGACTCAGACTTCCCTGTGGTCTCCATGTCTCCGGTGCACGCCTACCTCTCCACCGCTGCCTCCACGC 1200

P S Q M D S D F P V V S M S P V II A Y L S T A A S T Q 216

AGCCACAGACCTCCGTCCCAGAGGCCACCACCGTCACCTCAAGCCACTCGACATTCACCTCAACCTCCAACTCCATTTTC 1280

P Q T S V PEA T T V T S S 1\ S T F T S T S N S [F 242

GGCAGCAACAGCGACTCCCTCCTCTCCACCGCCACCGTGTCCGACAGCGTGGTGAAGATGACTGACCTGGAATCCTCCGT 1360

G S N S D S L L S TAT V S D S V V K M T D L E S S V 269

CCTGGAAGAGTCGTTGGACCTGCTGGCAAAGACGGAGGTGGAGACGGTCGAGGTTCCCGACGTCAACCTGTCCAGCTCCC 1440

LEE S L D L L A K T EVE T V E V P D V N L S S S L 296

TCTACACAGCCCAGGACTGGG AGCCTCTCCACGCCACCATCGGCAGCAGTGACTrTGAGCCCCTGTGCACGCCCGTGGTG 1520

Y T A Q D W E P L 1\ A T I G S S D F E P L C T P V V 322

ACGTGCACGCCGGCCTGCACCACCATCACATCCTCTTTTGTCTTCACCTTTCCAGAGGCCGAGACCTTCCCCACCTGCTG 1600

T C T PAC T T [ T S S F V F T F PEA E T F P T C C 349

CGTCGCCCACAGGAGAGGAAGCAACAGCAACGACCAGTCCTCTGACTCCCTCAGCTCCCCGACCCTGCTGGCCCTCTAAA 1680

V A II R R G S N S N D Q S S D S L SSP T L L A L * 374

GACTCTTCCAAAAAGAAAAGGCTGCCTCTCTCAGTCCACCTTTCTCCATCTATGAGACGTGCGCGGATCACAGGGCTATG 1760

GAATGGACTTGCACCAGGAAGCAAAGTGTTTATAATATCATTTGCCTTTATCTACTTGCTTATAAGACCCATGTAGCAAG 1840

TTAAAAAGCATGTTTTAACTAAAACCAGTTAGATGTTTAATGAGTTACGGTATCATTTAACGGTGCTATAGAGACAACGG 1920

AACCTGTATTAGTGCTGATATATTTGGAGCAATAGTTCTATTGGTCTTCTGTTTTCTGGTTGATGGATGTGAGGGTGCTT 2000

TGTGTTTGTGGAGCTCAAGAACTGACGTGCTTTGTCCCAACCATGGTCTGAGTGGTCTATCTGTACGAAGTTTTCTGTTA 2080

AACAAACGTGGCTTTAATTT 2100

Fig. 2. Complete nucleotide sequence of the round-spotted pufferfish c-ios gene. The nucleotide sequence of a 3-kb DNA fragment
containing the promoter region of the pufferfish c-fos gene was determined. Only 2100 nucleotides encompassing the coding
region as well as the 3'-untranslated region are shown in this figure. The other promoter sequences are shown in Fig. 5. All
nucleotide sequences in this figure and Fig. 5 have been deposited in GenBank with the accession number U53520.
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ATG to stop codon TAA) of the round-spotted puf
ferfish c-fos gene spans about 1.7 kb and is com
posed of 4 exons and 3 introns. The complete
DNA sequence of this region as well as the 3'
untranslated region were determined and are shown
in Fig. 2. All exon/intron boundaries identified
conformed to the GT/AG splice donor/acceptor
rule (Breathnach et al. 1978). The sizes of the 3
introns were 376 bp (intron 1), 106 bp (intron 2),
and 72 bp (intron 3), respectively.

The open reading frame of these 4 exons
encodes a protein of 374 amino acids with a mo
lecular mass of 42262 Da. As shown in Fig. 3,
the deduced amino acid sequence contains 2
methionines, as also observed in avian and mam
malian Fos proteins (van Beveren et al. 1983, van
Straaten et al. 1983, Fujiwara et al. 1987). The
overall amino acid sequence identities between the
round-spotted pufferfish c-Fos protein and those
of fugu (Trower et al. 1996), human (van Straaten
et al. 1983), mouse (van Beveren et al. 1983), and
chicken (Fujiwara et al. 1987) are 90%, 58%, 58%,
and 53%, respectively. In addition, the round
spotted pufferfish c-Fos protein has several well
conserved regions when compared with other mam
malian Fos proteins, especially in the putative
DNA binding region, the leucine zipper domain
and the carboxyl-terminal transactivation region
(Landschulz et al. 1988, Sassone-Corsi et al. 1988).

Determination of the transcription initiation site

The transcription initiation site of the round
spotted pufferfish c-fos gene was determined by
primer extension of the 5' -end of the round-spotted
puffer liver poly (A)+ RNA. Two major extended
products were revealed (Fig. 4). The exact position
of the extended product was determined by align
ing the sequencing ladder obtained with the same
primer. Therefore, the extended products cor
responded to sites at 135 and 133 nucleotides
upstream of the 1st initiator methionine codon
(Fig. 5).

Characteristics of the 5'-flanking region of the
pufferfish c-tos gene

In order to identify sequence elements that
might be involved in the transcriptional regulation
of the round-spotted pufferfish c-fos gene, the nu
cleotide sequence of 880 bp of the 5'-upstream
region of the c-fos gene relative to the translation
start site was analyzed by computer and is shown
in Fig. 5. One TATA box, which is generally located

at a position about 30 nucleotides upstream of the
RNA start site (Breathnach and Chambon 1981),
was observed 39 nucleotides upstream of the RNA
start site. Two putative binding sites for HNF-5
(Grange et al. 1991), a Ubiquitous gene activator
induced in response to various extracellular signals,
were found at the position of nucleotides - 392
to - 386 and - 106 to - 100. Another potential
binding site for CREB (Gonzalez and Montminy
1989) was observed at the position of nucleotides
- 64 to - 57. Three proto-oncogene products c-Myb
(Faisst and Meyer 1992), E2A (Murre et al. 1989),
and Ets-1 (Wasylyk et al. 1993) binding sites were
also found at the positions of nucleotides - 430
to - 425, - 402 to - 396, and - 314 to - 307,
respectively. A site for Sp1 (Jackson et al. 1990)
was found at the positions of nucleotides - 327 to
- 320. In addition, 2 consensus GATA-1 (Orkin
1992) binding sequences were also observed at
the position of nucleotides - 546 to - 541 and
-164 to -159.

Functional analysis of the promoter region

To verify whether the 5'-flanking region of the
round-spotted pufferfish e-tas gene exhibits func
tional promoter activity, the genomic DNA fragment
containing the 5'-upstream region (-746 to + 153)
was fused to the CAT reporter gene in pCAT-Basic
(Promega) to create pPF-fos-CAT. Following trans
fection into carp CF cells, this chimeric gene pro
duced about 518 times the promoter activity of the
pCAT-Basic, indicating that this fragment contains
a functional eukaryotic promoter. In addition, pPF
fos-CAT displayed stronger CAT activity, approx
imately 11.5 and 2.7 times the promoter activity
of pJP1-CAT (Chang et al. 1996) and pRSV-CAT
(Gorman et al. 1983), respectively (Fig. 6). This
finding suggests that the promoter of the round
spotted pufferfish c-fos gene may be useful to drive
the expression of foreign genes at a higher level
than that of viral promoter in fish cell lines.

To understand whether the CAT activity of
pPF-fos-CAT could be induced by serum stimula
tion, carp CF cells were transfected with pPF-fos
CAT and starved for 24 h in medium without serum.
Then, 5% serum was added and CF cells were
harvested at various times. As shown in Fig. 7,
serum induced CAT activity of the round-spotted
pufferfish c-fos promoter region 4-fold at 8 hand
16 h, and approximately 1.3-fold at 24 h. Further
more, although the CAT activity of pPF-fos-CAT
was dramatically reduced at 32 h, the effect of
serum stimulation was still obvious.
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pf-fos
fu-fos
hu-fos
rno-fos
ch-fos

MMFTSF .. NAECD.SSSRCS.ASPS.DNV.YYPSPAGSYSSMGSPQS.QDL.TD 46
------ .. ----.------.----VG--L.-----------------.--F.-- 47
---SG- .. --DYEA------S---AG-SLS--H---D-F------VNA--FC-- 52
---SG- .. --DYEA------S---AG-SLS--H---D-F------VNT--FCA- 52
--YQG- .. ---YEAP-----S---AG-SLT----P-D-F------VNS--FCA- 52

pf-fos
fu-fos
hu-fos
rno-fos
ch-fos

LTASSASFVPTVTAISTSPDLQWMVQP.LVSSVAPSR.RA.HPYS.PSPS Y 94
--------I-----------------.--I------H.--.----.---- - 95
-AV---N-I--------------L---A--------QT--P--FGV-A--AGA- 106
-SV---N-I--------------L---T--------QT--P--YGL-TQ-AGA- 106
-SV---N----------------L---T-I------QN-GP--YGV-T-APPAA 106

Basic motif

pf-fos
fu-fos
hu-fos
rno-fos
ch-fos

pf-fos
fu-fos
hu-fos
rno-fos
ch-fos

I I
KR.TVMRS GASKPHAKRGRVEQTTPEEEEKKRIRRERNKQAAAKCRNRRRE 143
--.----- A---A-G--S--------------------------------- 144
S-AG-VKTMTG-RAQSIGR--K---LS------R--------M----------- 160
A-AGMVKTVSG-RAQSIGR--K---LS------R--------M----------- 160
YSRPAVLKAPG-RGQSIGR--K---LS------R--------M----------- 160

* * * * *LTDSLQAETDQLEAEKSSLQNDIANLLKEKERLEFILAAHQPICKIPSQMDSDF 197
---T---------D---------------------------------------_ 198
---T---------D---A--TE---------K--------R-A----DDLGFPE 214
---T---------D---A--TE-------~-K--------R-A----DDLGFPE 214
---T---------E---A--AE---------K--------R-A--M-EELRFSE 214

pf-fos
f u- f as
hu-fos
rno-fos
ch-fos

PVVSMSPVHAYLSTAASTQPQTSVPEATTVTSSHSTFTSTSNSIFGSNSDSLLS 251
S---------C---TV---L---I---------------------SGS------ 252
EMSVA-LDLTGGLPEVA-PESEEAFTLPLLNDPEPKPSV EPVK-I-SME-K 265
EMSVA-LDLTGGLPE---PESEEAFTLPLLNDPEPKPSL EPVK-I-NVE-K 265
ELAAAT ... -LDLG-P-PAAAEEAFALPLM-EAPPA .. LPPKEP .. NG-GLE-K 261

pf-fos
fu-fos
hu-fos
rno-fos
ch-fos

TATVSDSVVKMTDLESSVLEESLDLLAKTEVET.VEVPDVNLSS .. SLYTAQDW 302
-----N--------D---------------A--ARS-------N .. --FA---- 304
-EPFDD FLFPA--RPSG S-T.. ARS---MD--G .. -F-AA.-- 303
AEPFDD FLFPA--RPSG S-T.. SRS----D--G.. -F-AA.-- 303
AEPFDE LLFSAGPR -A .. SRS---MD-PGAS-F-AS.-- 297

Ident i ty .

90%
58%
58%
53%

374 a.a.
376 a.a.
380 a.a.
380 a.a.
368 a.a.

EPLH.ATIG SSDFEPLCTPVVTCTPACTTITSSFVFTFPEAETFPTCCVA 351
----.---S --------------------L-----------------G-- 353
----SGSL-MGPMATEL------------S--AY-------Y---DS--S-AA- 357
----SNSL-MGPMVTEL------------G---Y-------Y---DS--S-AA- 357
---GASS.-.G .... EL------------CPS-Y--T----Y---DA--S-AA- 345

HRRGSNSNDQSSDSLSSPTLLAL
---R-------------------

--K--S--EP-------------
--K--S--EP-------------
--K--S--EP-------------

pf-fos
fu-fos
hufos
rno-fos
ch-fos

pf-fos
fu-fos
hu-fos
rno-fos
ch-fos

Fig. 3. Amino acid comparison of the round-spotted pufferfish, Fugu, human, mouse, and chicken c-Fos proteins. Dashes indicate
amino acids identical to the round-spotted pufferfish c-Fos whereas dots indicate gaps introduced to generate an optimal alignment.
The sequences of c-Fos proteins from Fugu (Trower et al. 1996), human (van Straaten et al. 1983), mouse (van Beveren et al.
1983), and chicken (Fujiwara et al. 1987) were retrieved from the databases. The identity of each Fos protein to the round-spotted
pufferfish c-Fos is indicated at the end of each sequence. Asterisks represent leucine amino acids of the leucine zipper, which
occur five times in the c-Fos protein. The putative DNA binding region is also indicated by the basic motif just before the leucine
zipper domain.
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Fig. 4. Determination of the transcription initiation site of the
round-spotted pufferfish c-fos gene. [-y-32Pl-labeled primer (see
Fig. 5) was annealed to 10 p.g yeast tRNA (lane 1, as a negative
control) or 5 p.g poly (A)+ RNA from round-spotted puffer liver
(lane 2) and extended with reverse transcriptase. The sequenc
ing ladder of the round-spotted puffer c-fos gene labeled G,
A, T, and C was obtained by using the same primer and elec
trophoresed on the same gel. The extended products and their
corresponding sites are indicated by asterisks.

DISCUSSION

The pufferfish Fugu rubripe (Fugu) has been
shown to have a compact genome and thus is
used as a model for vertebrate genome analysis
(Brenner et al. 1993). Fugu belongs to the order
Tetraodontiformes and is widely consumed in
Japan. Its genome is estimated to be approxi
mately 404 Mb, 7.5 times smaller than that of
humans. Recently, many Fugu genes have been
cloned and characterized, such as the glucose-6
phosphate dehydrogenase gene (Mason et al.
1995), the p55 gene (Elgar et al. 1995), Huntington's
disease (HD) gene (Baxendale et al. 1995), dopa
mine receptor genes (Macrae and Brenner 1995),
and the chaperonin-containing t-complex polypep
tide 1 gene (Yoda et al. 1995). All these genes
are compact and contain small introns, except the
Fugu dopamine receptor genes. It is noteworthy
that the Fugu HD gene consists of 64 exons and

-746 AAAAGTCGCACTATAATTTTATATTGCGTTGGAAATTATATATATATATAAAAAAAAAAAAATCTTTGTT

-676 CTGGTATCATCGTCAATGCCCTAATATAATTCTTAGTAAAAATACAGGTATAAAAATGCAACGTATTTTA
GATA-I

-606 ATACAGGCATTTTAATACAGGTATACAAATGGCACGTATTGTTKAAACCTTTAAACATGTGATAAGTGT

-536 TAACACGTACACTAGCCGTGTGTTTTTACTGGAACTGCTCAAACAATACGTGGTGTTTAAGTTTACTTTT
c-Myb E2A

-466 GATGTACTTTTGTAGTGTTGGATGTACTTTTGCTGACCGTTATCCCAGTTCTTTAGTTTTCACAACAGCT-- --

HNf'-5.
-396 GTTGTGTTTGTTGTCTTACGT AACGTGGTGCAG ATGTCGCCA ATGCCGG AGAGCCTGTTTCCCAGCAG(;C- --~ -

Spl Ets-I

-326 CCGCCCCTTTTACAGGATGCACCATATTTGGAAAATGACGTACTGGGGATCCCGTTTCTGGAATATTCCA

-256 TTTATTGGAGGTACCATTAAACGACAACTTTTACGTTAGAATTTCCGCTTTAAACGGTAAAAATTCTCAA
. GATA-I

-I 86 ATA TGTTAAGTTTTTGCGTGTTAGATAGAAGAACGTGAGTGGTTTTGTGTTACTGCCW;TTGTTAGGTC
.HNf'-5 CREB .

-I 16 GGTGTTTTGGTGTTTGCTTCGCGGCGTTTGAAAGGGAACGCTCCCCTTTTGCTGACGTCATCAGCTCAGG

.TATA box * *
-46 CTATATAAGCGCGCGTGCGGCGACTCCGCCGAAAGTTTCAGACGAGAGCAAGAGAAGCCAGAGCACGTCC

--~ --

-2 +1
t 25 GCGGGCTCACACACCG ACCTG ACCG AAGATTCCCTCCTTTCCAC(;GTTG AAATCCCGACCGCAGCCTTTG

+95 TTTGGATTTACCAGCTTGCTTTTTTTCGCCCGGACAGCGATGATGTTTACGTCTTTTAACGCTGAGTGCG
•

Fig. 5. Nucleotide sequence of the 5' -flanking region of the round-spotted pufferfish c-fos gene. The candidate transcription start
sites by primer extension (see Fig. 4) are indicated with nucleotide numbers (- 2), (+ 1), and asterisks, which are located at 135
and 133 bp upstream of the 1st translation start site. A 26-mer antisense oligonucleotide used for primer extension analysis is
underlined. Potential binding sites for a variety of transcription factors are also marked and underlined. Nucleotide + 134 in this
figure is the same as nucleotide 1 of Fig. 2.



166 Zoological Studies 36(3): 159-169 (1997)

Fig. 6. Analysis of the promoter activity of the 5'-f1anking
region of the round-spotted pufferfish c-fos gene fused to the
CAT reporter gene. Each chimeric gene was cotransfected
with pSV-{3-galactosidase DNA into CF cells and assayed for
CAT and {3-galactosidase activities as described under Materials
and Methods. CAT activity in the individual experiments was
corrected for variations in transfection efficiency by normalizing
the value to the {3-galactosidase activity in the same extract.
The normalized activity of each promoter construct was then
expressed relative to that of pCAT-Basic, with pCAT-Basic
assigned a relative activity of 1.0. The data represent the mean
of triplicate transfection experiments for each plasmid.

spans only 23 kb, compared to 170 kb of the human
HD gene. Moreover, the intron/exon boundaries
of these genes between human and Fugu are highly
conserved. This strongly suggests the feasibility
of using the pufferfish genome as a model system
to analyze human genes.

In this study, we cloned and characterized the
c-tos gene from a different species of the round
spotted pufferfish, Tetraodon nigroviridis, which is
easily obtained at cheaper prices from a local
aquarium. The round-spotted pufferfish has a
genome size of 380 Mb which is believed to be the
smallest of any vertebrate and is 8 times smaller
than that of humans (Hinegardner and Rosen
1972, Brenner et al. 1993). Recently, the Fugu
c-tos gene was identified to be linked to the familial
Alzheimer disease (AD3) locus (Trower et al. 1996).
The relative gene order in the AD3 locus is the
same in Fugu and human genomes. However,
the genome size in the AD3 locus is 12.4 kb in
Fugu, compared to > 600 kb in humans. Once
again, these are consistent with the observation
that intergenic distances are much smaller in the
Fugu genome compared to the human genome
(Brenner et al. 1993). The overall amino acid and
nucleotide sequence identities of the c-tos gene
between round-spotted pufferfish and Fugu is
90.4% and 86.8% , respectively. Sizes of the 3
introns of the round-spotted pufferfish c-tos gene
is 376 bp, 106 bp, and 72 bp, compared to 397
bp, 104 bp, and 102 bp in the Fugu c-tos gene.
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Moreover, the last 200 nucleotides of the 1st intron
and 400 nucleotides of the 3-untranslated region
of both c-tos genes are very similar, e.g., 90%
and 84% identical, respectively (data not shown).
These results indicate that the intron size of the

Fig. 7. Time course of the CAT activity of pPF-fos-CAT in carp
CF cells with and without the supplement of 5% fetal calf serum.
Initially, carp CF cells were transfected with pPF-fos-CAT DNA
and pSV-{3-galactosidase for 5 h, then were grown in medium
without serum for another 19 h. Next, culture medium with
5% fetal calf serum was added. and the CF cells were harvested
at various times. Cell extracts were assayed for CAT and {3
galactosidase activities. The relative CAT activity is represented
by the mean result of triplicate transfection and normalized
to the {3-galactosidase activity. Acetylated chloramphenicol
derivatives were separated from unacetylated chloramphenicol
by thin-layer chromatography as shown in panel B. Relative
activities at different times were quantified by using a Phospho
Imager and are presented in panel A.
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round-spotted pufferfish is smaller than that of
Fugu. Therefore, the round-spotted pufferfish is
an alternative species for genomic analysis.

Although the compact genome of Fugu has
been proposed to as advantageous for detecting
conserved regulatory elements present in the non
coding region (Aparicio et al. 1995), our studies
indicate that the promoter region of the round
spotted pufferfish c-fos gene is different from that
of mammalian c-fos genes. In mammals, there
are several potential regulatory elements, such
as the sis-inducible element (SIE), serum-response
element (SRE), AP1 site, and calcium/cAMP
response element (Ca2 + /CRE) present in the c-fos
5'-flanking region (Wang and Howells 1994). On
the contrary, the putative promoter region of the
round-spotted pufferfish c-fos gene has other po
tential binding sites for transcription factors, such
as CREB, E2A, Ets-1, GATA-1, HNF-5, c-Myb, and
Sp1 (Fig. 5). Moreover, mammalian c-tos transcrip
tion increases in response to various stimuli, such
as growth factors, cytokines, phorbol esters, neu
rotransmitters, heat shock, UV irradiation, and
cAMP (Angel and Karin 1991). The SRE within
the human (van Straaten et al. 1983), mouse (van
Beveren et al. 1983), and rat (Wang and Howells
1994) c-fos promoter has been reported to be re
quired for induction of c-fos by serum and growth
factors. It is interesting to note that this element
has not been found in the promoter region of the
round-spotted pufferfish c-fos gene. However, the
CAT activity of this region increased significantly
at 16 hand 24 h after the addition of 5% calf
fetal serum (Fig. 7). It seems that there may be
another SRE-Iike element within the round-spotted
pufferfish c-fos gene and this needs further in
vestigation.

All of the round-spotted pufferfish and mam
malian c-fos genes have CRE sites within the 5'
flanking region, but their sequences are slightly
different. The CRE sequence of the round-spotted
pufferfish c-fos gene is TGACGTCA, whereas that
of the rat c-fos gene is TGACGTAG. It is interesting
to note that the spacing between the CRE and
the TATA box, found at nt - 45 to - 39, differs for
mammalian species, being 11 nt in the round
spotted pufferfish, 19 nt in the rat, 23 nt in the
human, and 25 nt in the mouse. Whether these
differences affect the transcriptional activity of the
CRE remains to be investigated.
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國斑河豚 ( Tetraodon nigroviridis [Syn. 1. f/uviati/is] ) c-fos 基因結構與

起動子活性分析

張茂山1 呂健宏2 姚振文3 黃火鎳1 黃銓珍2

圓斑河豚屬於豚形目四齒豚科，廣泛分佈於東南亞及東印度的河口區域，在臺;彎容易自7.k族館購得，其基

因體大小約為 380 Mb ，只有人類基因體大小的八分之一，適於從事基因體結構分析與比較。

在鯉魚蛋白激臨JAKl基因的殷勤子區域有兩處轉錄因子AP1結合的核酸序列，為了研究AP 1 如何調控

JAKl 基因的轉錄 ， 我們便著手魚類 c -fos 基因的分子選殖 。 在本報告中 ， 我們 自 凰斑河豚染色基因體基因庫

篩選得到 c - fos基因並定其基因結構O實驗的結果顯示圓斑河豚c - fos基因共包含4個外顯子和3個內隱子?

可轉譯一個合374個胺基酸的蛋白質，其骨子量約為42 kd ，其胺基酸序列與虎河豚 (Fugu rubr伊θs) 、 人

類、小白鼠與雞的相同度分別為 90%、 58%、 58%與 53%。我們利用引子延展分析決定了兩個可能的轉錄起

始點，並且在國斑河豚 c - fos基因 0 . 7 5 kb 的風動子區域中也發現了CREB 、 E 2 A、 E t s - 1、 G ATA - 1、

HNF-5 、c-Myb 及Sp1 等轉錄因子的核酸結合序列 。 另外在氯做素己醋轉換酵素活性好析的實驗中 ， 我們發

現在凰斑河豚 c - fos基因 - 746到 + 1 53的敢動子區域具有較對照組 p R SV - CAT 高出 2 .7倍的氧徽素己臨轉

換酵素活性，而此殷勤子區域在 5%胎牛血清的刺激下，其酵素活性亦明顯增加，證明園斑河豚 c - fos基因

-746 至Ij +153 的區域是一有功能的敢動子區域 。

關鍵詞:基因結構，起動子，圓斑河豚 ( Tetraodon nigroviridis)。
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