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Abstract

The genomic structure of Tetraodon fluviatilis L29 gene was determined and its promoter activity was analyzed in COS-1 cells and

zebrafish embryos. The TfL29 gene comprises four exons and three introns, spanning approximately 1.7 kb. The 50-upstream 2.2-kb

of the first exon contains 10 E-boxes and many putative binding motifs for transcription factors GATA-1, AML-1a, c-Myb, Oct-1,

CdxA, and NRF-2. Promoter activity assay showed that the distal 2.2-kb fragment not only had high luciferase activity in COS-1

cells, but also strong and ubiquitous GFP expression in a variety of tissues in zebrafish embryos. On the other hand, there are no

TATA or CAAT boxes within a 300-bp region upstream from the transcription initiation site. Although this region has high lu-

ciferase activity in COS-1 cells, it is not sufficient to drive GFP expression in zebrafish embryos. In this proximal 300-bp region, there

are two E-boxes, two CdxA sites, and one NRF-2 site that is immediately downstream of the transcription start site.

� 2003 Elsevier Inc. All rights reserved.
The ribosome is responsible for protein synthesis in
all organisms. The mammalian and catfish ribosomes

consist of four RNA molecules and 79 protein subunits.

The large 60S ribosome consists of three RNA mole-

cules and 47 protein subunits while the 40S ribosome

one 18S rRNA and 32 protein subunits [1–3]. In mam-

mal, the ribosomal protein L29 (RPL29) is identical to a

heparin interacting protein (HIP), which is a small and

highly basic protein that can bind to heparin/heparan
sulfate [4,5]. Interestingly, the catfish RPL29 is homol-

ogous to mammalian RPL29/HIP, but it contains only

64 amino acids as compared to 159 amino acids in hu-

man [3]. The catfish RPL29 lacks the C-terminal 95

amino acid residues of human RPL29/HIP. In addition

to ribosomal L29, other ribosomal proteins such as
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RPS3, RPS14, RPL4, RPL7 [6], and RPL6 [7] also have
extraribosomal functions.

Most ribosomal protein genes are housekeeping genes

with a strong constitutive expression. Analysis on ge-

nomic structures of ribosomal protein genes has been

reported in higher eukaryotes, such as human [8] and

Xenopus [9]. Studies on promoter activity of ribosomal

protein genes have been reported in various cell types

[7,10], but only a few in both cells and zebrafish embryos
[11]. Here we reported the molecular cloning of a puf-

ferfish (Tetraodon fluviatilis) ribosomal protein L29 gene

(TfL29) and performed the promoter assay in COS-1

cells and zebrafish embryos. The round-spotted puffer-

fish, T. fluviatilis, has a genome size of 380 Mb which is

eight times smaller than that of human [12,13]. Another

pufferfish Takifugu rubripes (fugu) also has a compact

genome and is used as a model for comparative genome
analysis of vertebrates [13,14]. The complete genomic

sequences of fugu have been determined in 2002 [15].



Table 1

Intron-exon organization of the TfL29 gene

Exon No. Exon size (bp) 30 end of the exon 50 end of the

intron

Intron size (bp) 30 end of the

intron

50 end of the

next exon

1 32 GTG TGG CAG GTagtcaaat 445 cctcctgcAG AA ATG GCC AA

2 39 CAC AAC CAG T GTaggtgtaa 198 tcctaaacAG CT CGT AAG GC

3 65 CTG AAA GGG GTatgtaaag 702 tttattgcAG GTT GAC TCC A

4 182 tatgctttgtttgacaaaaaaataaa
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Comparison of fugu and human genomic sequences
identified several conserved regulatory sequences in the

promoter and intronic regions [16]. These regulatory

elements have been reported to be functional in mam-

malian cell lines and transgenic mice [17].

We have previously determined the promoter activity

of all four T. fluviatilis JAK kinase genes in zebrafish

embryos [18]. In this study, we analyzed the expression

of TfL29 gene and performed the promoter assay in
COS-1 cells and zebrafish embryos. We found that a

distal 2.2-kb region had high promoter activity in both

cells and embryos and a proximal 300-bp region had

high reporter activity only in COS-1 cells, but not in

zebrafish embryos (see Table 1).
Materials and methods

Materials. All the restriction enzymes were purchased from the

Promega Biosciences (Madison, WI, USA) or New England Biolabs

(Beverly, MA, USA). Chemicals were purchased from Merck

(Darmstadt, Germany) or Sigma (MO, USA).

Cell cultures. Monkey kidney fibroblast COS-1 cells were cultured

in Dulbecco’s modified Eagle’s medium, supplemented with 10% fetal

bovine serum (FBS, HyClone, Utah), penicillin G (50U/ml), strepto-

mycin (50lg/ml), and LL-glutamine (2mM) in a humidified atmosphere

of 5% CO2 at 37 �C. Various culture reagents used were purchased

from HyClone (Logan, Utah).

Fish. Zebrafish (Danio rerio) were maintained at 28 �C on a 14 h-

light/10 h-dark cycle. Embryos were incubated at 28 �C and different

developmental stages were determined according to the description in

Zebrafish Book [19].

Isolation of the round-spotted pufferfish genomic DNA. The genomic

DNA of the round-spotted pufferfish (T. fluviatilis) was prepared as

previously reported [18,20]. In brief, genomic DNA was prepared from

the liver with DNAzol reagent (Life Technologies, Gaithersburg, MD),

precipitated by addition of 100% ethanol, and then removed by

spooling onto a pipette tip. DNA was dissolved in TE buffer (10mM

Tris–HCl, 1mM EDTA, pH 8.0).

Total RNA isolation and first-stranded cDNA synthesis. Total RNA

was isolated from various tissues (brain, gill, heart, intestine, kidney,

muscle, and ovary) of T. fluviatilis using the RNAzol reagent (Tel-Test)

according to the instructions of the manufacturer. After treatment with

RQ1 RNase-Free DNaseI (Promega Biosciences, WI), 50–100lg of

total RNA from each tissue was used for the first strand cDNA syn-

thesis in a 25 ll reaction mixture containing 10 pmol of oligo(dT)

primer and 100 ng random primer (Promega), 30U RNasin (Promega),

1mM dNTP, 10mM dithiothreitol, and 300U Superscript II RT (In-

vitrogen Life technologies, CA). The reaction mixture was incubated at

42 �C for 1 h. Two microliters of the cDNA products was used for

subsequent PCR amplification.
Isolation of the full-length L29 cDNA from pufferfish (T. fluviatilis).

In order to isolate the cDNA covering the complete open reading

frame (ORF) of T. fluviatilis L29, according to the sequences of one

fugu EST (Accession No. CA846627), PCR amplification was per-

formed in a 50 ll reaction mixture containing 2 ll first strand cDNA,

0.5 lg forward primer [L29F1, 50-ATG GCN AA(A/G) TCN AA(A/

G) AA(T/C) CA(T/C) AC-30] and reverse primer [L29R1, 50-TT(T/C)

TT(A/G) TT(A/G) TG(T/C) TT(T/C) TTN GC(A/G) AA-30], 1.5mM

MgCl2, 0.2mM dNTP, and 3U ExTaq (Takara Shuzo, Shiga, Japan).

The samples were incubated in a thermal cycler (Hybaid MultiBlock

System, Hybaid Limited, MA) at 96 �C for 3min; 30–45 cycles of 96 �C
for 30 s, 50 �C for 30 s, and 72 �C for 30 s; and the final extension at

72 �C for 15min. All PCR products were ligated into the pGEM-T

easy vector (Promega Biosciences, Medison, WI) and individual clone

was subjected to sequencing analysis.

The 50- and the 30-ends of T. fluviatilis L29 mRNA were obtained

by the RACE PCR technique using the Marathon cDNA amplification

kit (Clontech Lab, CA). The adaptor-ligated double-strand cDNA as

template was used for PCR amplification using the program of 95 �C
for 5min; 40 cycles of 95 �C for 30 s, 65 �C for 30 s, and 72 �C for 45 s;

and the final extension at 72 �C for 5min. The 50-RACE was performed

using an adaptor-specific sense primer, AP1: 50-CTA ATA CGA CTC

ACT ATA GGG C-30 and a L29 antisense primer, L29R5: 50-CTA

TTT CGC CTG AAC AGC CTC CCG TG -30. The PCR product was

reamplified with AP2 primer: 50-ACT CAC TAT AGG GCT CGA

GCG GC-30 and a nested L29 antisense primer, L29R4: 50-TAG CGA

TGA GAC CTG GGC CTC TTG-30. For 30-RACE, cDNA was am-

plified with a L29 sense primer, L29F2: 50-ATG GCC AAG TCC

AAG AAC CAC AC AAC-30 and an oligo(dT) primer. All RACE

products were cloned into pGEM-T easy vector (Promega) and

subjected to sequence analysis.

Cloning of the promoter region of pufferfish L29 gene. The DNA

sequences of the 50-upstream 2.2-kb DNA fragment before the first 50-

UTR of the TfL29 mRNA were obtained by searching the Tetraodon

nigroviridis database using BLAST program. Two specific primers

were designed (TfL29F1: 50-GGG ATT GGA TCC TCG GGT CAT

CAT TAC TCA GC-30; TfL29R1: 50-CGT TTC ATT GAC ACT CCT

GTG TTC AAT ACC GTC-30) and used to perform PCR amplifica-

tion by using T. fluviatilis genomic DNA as template. The PCR

product was 2.6 kb containing the first intron. The PCR product was

cloned into pGEM-T easy vector (Promega, Madison, WT) and

sequenced.

RT-PCR analysis of T. fluviatilis L29 mRNA. PCR amplification

was performed in a 50 ll reaction mixture containing 200ng L29

primers (L29F2, 50-ATGGCC AAG TCC AAG AAC CAC AC-30 and

L29R2, 50-CTA TTT CGC CTG AAC AGC CTC CCG TG-30) or b-
actin primers (ActF, 50-CCT CCG GTC GTA CCA CTG GTA T-30

and ActR, 50-CAA CGG AAG GTC TCA TTG CCG ATC GTG-30),

1.5mM MgCl2, 0.2mM dNTP, and 2.5U ExTaq (Takara Shuzo,

Shiga, Japan). The samples were incubated in a thermal cycler (Hybaid

MultiBlock System, Hybaid Limited, MA) at 96 �C for 3min; 30 to 45

cycles of 96 �C for 30 s, 50 �C for 30 s, and 72 �C for 30 s; and the final

extension at 72 �C for 5min. A negative control was performed in the

absence of first strand cDNA. All PCR products were separated on a

1% agarose gel.
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DNA sequence analysis. DNA sequence analysis was performed by

using PRISM Ready Reaction Big-Dye Termination Cycle sequencing

Kit (Applied Biosystems, CA) on an Applied Biosystems 310 auto-

mated DNA sequencer. Sequence analysis was performed by using the

Clustal X, PSORT II (http://psort.ims.u-tokyo.ac.jp/), TMAP (http://

www.mbb.ki.se/tmap/), and GenDoc programs.

Construction of reporter plasmids. In order to assess the promoter

activity in COS-1 cells, different sizes of the promoter region of the

TfL29 gene without the first intron in the 50-UTR were cloned into

pGL3-basic vector. The 50-upstream 2.2-kb promoter region of the

TfL29 gene was cloned into polylinker regions of the reporter vector

pGL3-Basic (Promega) using PCR primers 50-ATC GAG CTC GGG

ATT GGA TCC TCG GGT CAT CAT TAC-30 (nucleotides )2196 to

)2170) and (50-CCG CTC GAG CTG CCA CAC GAA CAG ACG

ACA AC-30; nucleotides +13 to +35). The oligonucleotide primers

have additional sequences of SacI and XhoI site at the 50-end, re-

spectively. The PCR product was purified from the gel, digested with

SacI and XhoI, and then cloned into the same sites of pGL3-Basic.

Thus, the pTfL29-2.2k contained the flanking region from nucleotides

)2196 to +35. Similarly, pTfL29-0.7k and pTfL29-0.3k were con-

structed by PCR amplification using different forward primers (50-ATC

GAG CTC GGG GTC TCT GTG GGC TCT TCT GTG G-30; nu-

cleotides )639 to )615) and (50-ATC GAG CTC ACA ACA TTA

TTG ATA TTT ATT AAT C-30; nucleotides )254 to )230). Through
PCR and subcloning, the reporter plasmids were obtained and desig-

nated pTfL29-2.2k, pTfL29-0.7k, and pTfL29-0.3k.

For the construction of GFP reporter plasmids, similar strategy

was used as described above for luciferase reporter constructs except

using primers carrying any another restriction sites (HindIII and KpnI

restriction sites). PCR product was digested with HindIII and KpnI,

and then cloned into the same sites of pEGFP-1 (Clontech).

Transactivation assay. For transactivation assay, transfections were

performed in six-well plates. A 1 lg of reporter plasmid was transfected

using Lipofectamin/Plus kit (Life Technologies) into COS-1 cells.

Transfected cells were harvested at 48 h after infection and then

assayed for luciferase activity using a dual luciferase assay kit FireLite

purchasing from Packard (Groninige, BK, Netherland) according to

manufacturer’s instructions. Final luciferase activity was obtained

after normalizationwithRenilla luciferase andblankpGL3-basic vector.

Microinjection of reporter constructs into zebrafish embryos. The

reporter plasmids were linearized by digestion with restriction enzyme

ScaI purified with Gene-Spin 1-4-3 DNA extraction kit (Protech

technology enterprise, Taiwan). DNA concentration was adjusted to

100lg/ml in 0.1M KCl solution containing 0.5% phenol red and 100–

200 pl was microinjected into the zebrafish embryo at one-cell stage by

using Narishige IM 300 microinjector system (Narishigi Scientitific

Instrument Lab., Tokyo, Japan). Embryos at 48 and 72 h postfertil-

ization were observed under an Olympus IX70-FLA inverted fluores-

cence microscope. Images were taken by using the SPOT system

(Diagnostic Instruments, Sterling Heights, Michigan) and assembled

by PhotoShop program (Adobe System, California).
Results

Isolation of T. fluviatilis L29 cDNA

To isolate TfL29 cDNA, we used the coding region of

the fugu L29 (Accession No. CA846627) to search the

GenBank database for related expression sequence tag

(EST) sequences by using the program tBLAST. No

corresponding EST clone was found in T. nigroviridis,
which is identical to T. fluviatilis. Therefore, we used the

degenerated primers to amplify the DNA fragment
encoding the highly conserved region (amino acid resi-
dues 1–52) and then used 50- and 30-RACE to obtain the

50- and 30-untranslated regions (UTR). The assembled

full-length TfL29 cDNA consists of 303 bp containing

an open reading frame of 207 bp encoding a protein of

68 amino acid residues. The TfL29 cDNA sequence was

deposited in GenBank with an accession number of

AY466493. The amino acid sequence comparison indi-

cates that Tetraodon and Fugu L29 proteins are highly
homologous with 87% identity whereas TfL29 is also

highly homologous to other fish L29 proteins such as

catfish L29 (76% identity). Like catfish L29 [3], the

TfL29 is also homologous to human L29 protein in the

N-terminal region and lacks the C-terminal 91 amino

acid residues (Fig. 1).

Genomic structure of T. fluviatilis L29 gene

We have used the 303 bp of TfL29 cDNA (Accession

No. AY466493) as query to search the GenBank non-

redundant database using BLAST program. The TfL29

cDNA matched to 4 non-contiguous regions in a
T. nigroviridis BAC clone CH211-278F21 (GenBank

accession no. BX088688). Subsequently, alignment of

the sequence of BAC CH211-278F21 to that of TfL29

cDNA by BLAST 2 program indicated that TfL29

cDNA is contained within four putative exons (Fig. 2).

Using these putative exons as a model, a sequence

alignment was produced such that each intron con-

curred with the conscence GT/AG intron donor/accep-
tor site rule [21]. Exon 1 contains 32 bp of 50-UTR and

exon 2 the next 2 bp of the 50-UTR and the first 37 bp of

the coding sequences of the TfL29 cDNA. Exon 3

contains the next 65 bp of the coding sequences while

exon 4 contains the last 105 bp of the coding sequences

and 77 bp of 30-UTR. The size of introns varied con-

siderably, ranging from 198 bp (intron 2) to 702 bp (in-

tron 3) with an average size of 448 bp. The TfL29 gene
spans approximately 1.7 kb (Fig. 2).

Expression profiles of T. fluviatilis L29 mRNA

RT-PCR was performed to determine the expression
pattern of T. fluviatilis L29 transcripts in various tissues.

Our results showed that TfL29 is ubiquitously expressed

in all tissues examined, which is consistent with that

most ribosomal protein genes are housekeeping genes.

Characteristics of the 50-flanking regions of TfL29gene

In order to identify sequence elements involved in the

control of the pufferfish TfL29 gene expression, a DNA

fragment corresponding to the 50-upstream region of the

TfL29 gene was sequenced. Analysis of these sequences

revealed numerous putative binding sites for transcrip-

tion factors. As shown in Fig. 3, no TATA box, which is



Fig. 2. Tissue distribution of T. fluviatilis L29 mRNA by RT-PCR.

Total RNA (5–10lg) from tissues of T. fluviatilis was subjected to RT-

PCR analysis. The resulting PCR products were electrophoresed on

1.2% agarose gel containing ethidium bromide. A negative control was

run simultaneously. A DNA fragment of 204 bp was amplified from

different tissues using TfL29 specific primers. The intensity of 342 bp

DNA fragment using b-actin specific primers amplified from T. flu-

viatilis tissues was used to evaluate the relative amount of cDNA used

in each PCR.

Fig. 1. Genomic organization of T. fluviatilis L29 gene and alignment of amino acid sequences of TfL29 with other ribosomal L29 proteins. (A)

Genomic organization of T. fluviatilis L29 gene. Exons are indicated by boxes numbered from 1 to 4. The coding regions are shown as filled boxes

whereas the 50- and 30-untranslated regions are shown as open boxes. Introns and the 50- and 30-flanking regions are indicated by solid lines. The

restriction map was shown above the genomic structure. (B) Alignment of amino acid sequences of TfL29 with other ribosomal L29 proteins. Amino

acid sequences of various ribosomal L29 proteins from Tetraodon, catfish, C. elegans, Drosophila, and human were aligned using CLUSTAL X

program. Gaps are introduced to optimize alignment and shown as dashes. Sequences used are: catfish L29 (AAK95156), C. elegans L29

(NM_070270), Drosophila L29 (Q24154), and human L29 (P47914). Identical amino acids are shown in black boxes. Percentage identity and sim-

ilarity of amino acid sequence between Tetraodon L29 and other L29 proteins are shown.
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generally located at a position about 30 bp upstream of

the transcription start site [22], was identified. Seven

putative binding sites for a ubiquitously expressed
transcription factor, CdxA/cdx-1 [23], were found at

)183, )237, )299, )348, )1392, )1501, and )1967. Ten
E-box elements, known to be important for muscle-

specific expression [24], were also found in this promoter

region. In addition to the above motifs, the 50-flanking

region also contained potential DNA motifs for Oct-1

[25] at )697 and )922; GATA [26] at )1761; c-Myb [27]

at )1212; and AML-1a [28] at )1444. Finally, a binding
motif for a ubiquitously expressed transcription factor,

NRF-2 [29], was found at +7 immediately downstream

of the transcription start site (Fig. 3). Two TC-rich

stretches are present near its transcription start site

(underlined).
Functional analysis of the 50-upstream region of the TfL29

gene in COS-1 cells

To determine whether the 50-flanking region of the

TfL29 gene exhibits promoter activity, different genomic

DNA fragments containing the 50-upstream region were

fused to the luciferase reporter gene in pGL3-Basic



Fig. 3. Nucleotide sequence of the 50-flanking region of the pufferfish L29 gene. The putative transcription start site determined by 50-RACE is

indicated with nucleotide number (+1). Potential binding sites for a variety of transcription factors are also marked and underlined. Nucleotide

sequences of the first intron that disrupts the 50-untranslated region are also shown in small letters. The translation initiation codon ATG is shown in

bold type. All sequences in this figure appear in GenBank with an Accession No. AY466376.
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Fig. 3. (continued)
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Fig. 4. Analysis of the promoter activity of various fragments of the 50-flanking region of TfL29 gene in COS-1 cells. COS-1 cells were cotransfected

with one microgram of each reporter construct (A) and pSV-b-galactosidase. Cell lysates were prepared at 48 h after transfection. Luciferase activity

(B) in an individual experiment was corrected for variation in transfection efficiency by normalizing the value to the b-galactosidase activity in the

same extract. The data represent means of triplicate transfection experiments for each plasmid. pGL3-basic was used as negative control while pGL3-

promoter as positive control.
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vector as described in the Materials and methods. The

luciferase activity was examined by transient transfec-

tion into COS-1 cells [30]. As shown in Fig. 4, the

luciferase activities of pTfL29-2.2k-Luc, pTfL29-0.7k-

Luc, and pTfL29-0.3k-Luc were about 2.6-, 0.8-, and

2-fold compared to that of SV40 basic promoter in

pGL3-promoter. These data indicated that the proximal

0.3-kb region of the TfL29 promoter contained strong
promoter activity in COS-1 cells. In addition, negative

regulatory sequences ()0.3 to )0.7 kb) and positive

regulatory sequence ()0.7 to )2.2 kb) are also found.

Functional analysis of the 50-upstream region of the TfL29

gene in zebrafish embryos

To investigate the promoter activity in vivo, a pro-

moter assay system using zebrafish embryos, in a mosaic

fashion, was employed to study transcriptional regula-

tion of gene expression involved in development [31,32].

In this study, we used the GFP gene as the reporter gene.

Three expression constructs such as pTfL29-2.2k-GFP,
pTfL29-0.7k-GFP, and pTfL29-0.3k-GFP were con-

structed as described in the Materials and Methods and

microinjected into zebrafish embryos at one-cell stage,

respectively. Two representative expression patterns for

each construct are shown in Fig. 5. It is interesting to

note that pTfL29-2.2k-GFP displayed stronger GFP

expression and wider tissue distribution (panels a and b)

while pTfL29-0.7k showed moderate expression pattern
(panels c and d). In contrast, pTfL29-0.3k-GFP dis-

played few GFP signals in a few regions (panels e and f).
In pTfL29-2.2k-GFP-injected embryos, GFP fluores-

cence could be found in a variety of tissues, such as

brain, muscle and epidermis, notochord, eye, heart, and

yolk sac. A few circulating GFP blood cells were also

found (data not shown). These data indicate that the

distal 2.2-kb promoter of TfL29 gene is a strong ubiq-

uitous promoter in zebrafish embryo.
Discussion

In this study, we determined the genomic structure of

T. fluviatilis L29 gene and analyzed the promoter ac-

tivity in COS-1 cells and zebrafish embryos. As shown in

Figs. 4 and 5, we found that the proximal 300-bp pro-

moter region is functional in COS-1 cells, but it is not
sufficient for the expression of GFP reporter gene in

zebrafish. On the other hand, the 2.2-kb 50-flanking re-

gion contains many regulatory elements that are suffi-

cient to express GFP gene with ubiquitous expression in

zebrafish embryos. The proximal 300-bp region is de-

void of a TATA box, but contains three CdxA/cdx-1

binding motifs and two E-box elements (Fig. 3). In ad-

dition to those motifs, another putative binding site for
the transcription factor NRF-2, also known as GA-

binding protein, was found immediately downstream of

the transcription start site. This factor is ubiquitously

expressed in all tissues [29]. The possible interaction

of NRF-2 with CdxA/cdx-1 and myogenic transcrip-

tion factor that binds to the E-box may affect the

assembly of the transcriptional complex. In a 355-bp



Fig. 5. Transient GFP expression of pTfL29-GFP constructs in

zebrafish embryos. Various reporter constructs, such as pTfL29-2.2k-

GFP (A), pTfL29-0.7k-GFP (B), and pTfL29-0.3k-GFP (C), were

microinjected into zebrafish embryos at 1-cell stage. Zebrafish embryos

at 48 h postfertilization with GFP fluorescence were selected for image

analysis. Embryos are shown as lateral view with anterior to the left.

Experiments were repeated at least three times and at least 100 fertil-

ized eggs were used for injection of each construct at one time. Two

representative patterns for each construct were shown. E, eye; Y, yolk

ball and yolk extension; H, heart; B, brain; S, skin; M, muscle; and

NC, notochord. Scale bars represent 100lm.
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promoter region of murine L29/HIP gene, there are

many binding motifs for transcription factor including

Sp1, HNF-3b, NF-jB, and NRF-2 [10]. Interestingly, it
is common that the NRF-2 binding site is present in a

minimal promoter region and required for the in vitro

expression of several ribosomal protein genes, such as
RPL32 [33], RPS16 [34], RPL27a [35], and the murine
Hip/RPL29 [10].

The distal 2.2-kb promoter region of the pufferfish

L29 gene had high luciferase activity in COS-1 cells and

high GFP expression in zebrafish embryos. Analysis of

this region reveals that many binding motifs for tran-

scription factors such as GATA-1, c-Myb, AML-1a,

Oct-1, CdxA, and E-box were found (Fig. 3). The for-

mer three transcription factors are known to be involved
in hematopoiesis. GATA regulatory motifs were first

identified in the promoters of globulin and other ery-

throid-specific genes [36]. The presence of GATA-1

binding site in the pufferfish L29 gene promoter may

suggest that GATA-1 transcription factor possibly reg-

ulates L29 gene expression in hematopoietic cells. In

addition to the GATA-1, the c-Myb is a transcriptional

activator that plays an important regulatory role in cell
proliferation and differentiation of hematopoietic cells

[27]. Transcription factor AML-1 is known to be a key

regulator of hematopoiesis and plays an important role

in development of all hematopoietic lineages [28]. Oct-1

is one of the transcription factors with POU homeo

domain and is expressed in most tissues including the

brain [25]. Moreover, Oct-1 plays very important roles

in the transcriptional regulation of gonadotropin-re-
leasing hormone and aldolase C gene expression in the

brain [37,38]. CdxA/cdx-1 is one of the vertebrate caudal

proteins that play important roles in establishment of

the body plan during early development [23]. CdxA and

cdx-1 are homologous proteins and originate from

chicken and mouse, respectively. As shown in Fig. 5, the

visible GFP expression regions of pTfL29-2.2k-GFP-

injected embryos are yolk sac, muscle, notochord, eye,
heart, and brain. A few fluorescent blood cells are also

observed (data not shown). Mutation or deletion anal-

ysis will be needed to confirm the relevance of GFP

expression sites to the presence of potential regulatory

elements in the 50-flanking region of the pufferfish L29

gene.

The consensus sequence of the E-box is CANNTG.

This binding motif is recognized by myogenic regulatory
factors (MRFs) [24], such as the MyoD, Myf5, myoge-

nin, and MRF4 [39,40]. Multiple E-boxes have been

found in the promoters of muscle-specific genes includ-

ing creatine kinase, myosin light chain, and myogenin

[41,42]. In this study, we found that there are 10 E-boxes

present in the 50-upstream 2.2-kb of the pufferfish L29

gene. Among them, two sites are located in the proximal

300-bp region while five sites in the distal 960-bp region.
As shown in Fig. 5, the 2.2-kb promoter region con-

taining 10 E-boxes had stronger and wider GFP ex-

pression in the muscle whereas the 0.7-kb promoter

region (five E-boxes) moderate GFP expression in the

muscle. In contrast, the minimal 300-bp promoter

region containing two E-boxes had low GFP expression

in the muscle fiber. The relevance of promoter activity to
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the presence of potential regulatory E-box elements in
the 50-flanking region of the pufferfish L29 gene needs

further mutation analysis.

Like the catfish L29, T. fluviatilis L29 is highly

homologous to human ribosomal protein L29 at the

N-terminal 53 amino acid residues, but lacks the C-

terminal 91 amino acid residues of human L29/HIP

(Fig. 1). Two potential heparin/heparin sulfate-binding

motifs have been identified in human L29/HIP protein
[43]. One is located at the N-terminus (aa 43-58:

MRFAKKHNKKGLKKMQ) while the other at the C-

terminus (aa 119-134: RPKAKAKAKAKDQTK). A

similar sequence of MRFAKKHNKKGQKAAR was

also found at the C-terminus of T. fluviatilis L29 protein.

Further investigation is needed to determine whether the

pufferfish L29 could bind to heparin/heparan sulfate.

In the early development of generation of transgenic
GFP zebrafish, a non-fish promoter from Xenopus

elongation factor 1a gene was used to drive GFP ex-

pression ubiquitously in zebrafish [44]. Recently, a fish

promoter from medaka elongation factor 1a gene was

also used to generate transgenic GFP zebrafish, in which

GFP fluorescence was observed in a variety of tissues,

such as kidney, liver, heart, gill, ovary, and testis, except

for the skeletal muscle [45]. Moreover, other ubiquitous
promoters from fish b-actin genes, such as zebrafish [46],

medaka [47], and carp [48], were also used in the gen-

eration of transgenic zebrafish, in which GFP was ex-

pressed in many tissues such as the epidermis, blood

vessels, muscle, notochord, fin ray, gut, eyes, and yolk

sac [47]. In this study, we identified the 2.2-kb 50-flank-

ing region of T. fluviatilis ribosomal protein L29 gene as

a strong constitutive promoter that can drive GFP ex-
pression in a variety of tissues in zebrafish, such as

epidermis, blood cells, heart, muscle, notochord, brain,

eyes, and yolk sac. Thus, this promoter is useful for the

generation of transgenic zebrafish with ubiquitous GFP

expression.
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