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Resum del projecte: cal adjuntar dos resums del document, l'un en anglès i l'altre en la llengua del document, on 
s'esmenti la durada de l'acció 
Resum en la llengua del projecte (màxim 300 paraules) 
La miogènesis del múscul esquelètic en vertebrats està controlada per molècules de senyalització extracel.lulars així com 
per factors de transcripció intracel.lulars. Entre els factors de transcripció destaquen els membres de la família de Factors 
Reguladors Miogènics (MRFs), que inclouen MyoD, Myf5, Miogenina i MRF4, i que juguen papers importants regulant el 
desenvolupament i creixement del múscul esquelètic. Per tal de caracteritzar l'estructura gènica i l'expressió de la 
miogenina en peixos, s'ha aïllat el gen i el cDNA de la miogenina d'orada (Sparus aurata), així com analitzat l'estructura 
genòmica, el patró d'expressió i la regulació de la seva expressió específica de múscul. L'anàlisi de la seqüencia va 
indicar que la miogenina d'orada comparteix una estructura gènica similar a la d'altres miogenines de peix, amb tres 
exons, dos introns, i el domini conservat bHLH. Els estudis d'expressió van demostrar que la miogenina s'expressa tant 
en múscul vermell com en múscul blanc així com en cèl.lules musculars en cultiu primari. Hibridacions in situ van mostrar 
que la miogenina s'expressa de forma específica en somites en desenvolupament en embrions d'orada. Es va analitzar 
l'activitat del promotor, observant-se que el promotor de la miogenina era capaç d'induir expressió de la proteïna verd 
fluorescent (GFP) en cèl.lules muscular d'embrions de peix zebra (Danio rerio) i juvenils d'orada. Aquesta activitat 
específica de múscul depèn de la presència dels llocs d'unió de MEF2 i MEF3 presents en els darrers 550 parells de 
bases del promotor de la miogenina, tal com van demostrar estudis de delecció. 
�

 

Resum en anglès (màxim 300 paraules) 
Myogenesis of skeletal muscles in vertebrates is controlled by extracellular signalling molecules together with intracellular 
transcription factors. Among the transcriptional factors, the members of the myogenic regulatory family, including MyoD, 
Myf5, Myogenin and MRF4, play important roles regulating skeletal muscle development and growth. To characterize the 
gene structure and expression of fish myogenin, we have isolated the myogenin genomic gene and cDNA from gilthead 
seabream (Sparus aurata) and analyzed the genomic structure, pattern of expression and the regulation of muscle-
specific expression. Sequence analysis revealed that the seabream myogenin shares a similar gene structure with other 
fish myogenins, with three exons, two introns and the highly conserved bHLH domain. Expression studies demonstrated 
that myogenin is expressed in both slow and fast muscles as well as in muscle cells in primary culture. In situ 
hybridization showed that myogenin was specifically expressed in developing somites of seabream embryos. Promoter 
activity analysis demonstrated that the myogenin promoter could drive green fluorescence protein expression in muscle 
cells of zebrafish embryos, as well as in myofibers of adult zebrafish and juvenile seabream. Deletion analysis 
demonstrated that this muscle-specific activity depends on the presence of a MEF2 and a MEF3 binding-site within the 
550 bp myogenin promoter. 
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Resum en anglès (màxim 300 paraules) – continuació -. 
      

 
 
 
 
2.- Memòria del treball (informe científic sense limitació de paraules). Pot incloure altres fitxers de 
qualsevol mena, no més grans de 10 MB cadascun d’ells. 
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Memòria del treball 
 
 

1. TITOL: 

Cloning and characterization of myogenin from seabream (Sparus aurata) and analysis of promoter 

muscle-specificity 

 
2. INTRODUCCIÓ: 

In vertebrates, the formation of skeletal muscle involves a series of events in which paraxial 

mesoderm cells are induced to myoblasts, which proliferate and differentiate into myotubes and myofibers. 

This process of myogenesis is controlled by many extracellular signalling molecules together with intracellular 

transcription factors. Members of the myogenic transcriptional factors (MRFs), including MyoD, Myogenin, 

Myf5 and MRF4, play a key role in muscle cell specification, differentiation and the activation of muscle-

specific gene expression (Emerson 1990; Weintraub 1993).  Among the genes regulated by MRFs, many of 

them encode muscle specific proteins involved in muscle development and function, such as the muscle 

creatine kinase (Jaynes et al. 1988) and the myosin light chain (Braun et al. 1991). 

In fish, several studies have focused on the characterisation of different members of the MyoD 

family, examining their patterns of expression during development and growth, as well as the regulation of 

muscle specific expression (Rescan 2001; Amali et al. 2004; Steinbacher et al. 2007). Myogenin cDNA has 

been described and characterised in several species of teleosts, such as trout, carp, striped bass, and 

zebrafish.  It has been shown that fish myogenin has a similar structure and pattern of expression compared 

with other vertebrates. Trout myogenin (TMyogenin) expression was found in developing somites and red 

muscle from adult trout, and in vitro studies showed myogenin transcripts could only be detected when cells 

became differentiated (Rescan et al. 1995). Other studies focused on the characterization of regulatory 

elements required for muscle specific expression and demonstrated that E-boxes and the MEF2 binding 

sequence are required for muscle specificity in the striped bass and zebrafish myogenin promoters (Tan et al. 

2002b; Du et al. 2003). 

In this study, we have isolated and characterized the myogenin gene from seabream, a valuable fish 

in aquaculture, especially in the Mediterranean sea.  We report here the characterization of myogenin cDNA 

and genomic gene from seabream and the analysis of its expression during embryogenesis and in adult 

skeletal muscles, and moreover the regulation of muscle specific expression.  We showed that the seabream 

gene shares a similar structure with other vertebrate myogenin genes that contain three exons and two 

introns. Expression analysis revealed that myogenin was expressed in developing somites of seabream 

embryos, red and white muscles of adult fish. Promoter analysis demonstrated that the myogenin promoter 

(3.1Kb) could direct green fluorescence protein (GFP) expression in muscle cells of zebrafish embryos as well 

as muscle fibers of adult zebrafish and juvenile seabream.  Deletion analysis further demonstrated that the 

tissue specificity was conferred by a 550 bp fragment in the proximal promoter sequence.  Sequence 

comparison revealed that the promoter sequences were highly conserved among fish species.  Also, the 

muscle-specific activity depends on the presence of a MEF2 and a MEF3 binding-site in the promoter.  Taken 

together, these data provide important insights into the structure and expression of seabream myogenin.   
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3. METODOLOGIA: 

3.1. Isolation of seabream myogenin cDNA 

Seabream myogenin cDNA sequence was isolated by Rapid Amplification of cDNA Ends (RACE), 

performed with the SMART kit (BD Biosciences, Palo Alto, CA). Two rounds of PCR were performed.  The first 

round was performed with a specific primer (CTTTCAGACCACAGCGTTGTCCAGT, located in the 5 ÚTR), 

together with an adapter primer (CTAATACGACTCACTATAGGGCAAGCAGTGGTATCAACGCAGAGT).  The 

second round was a nested PCR, using the primer (GTCCAGTATGGAGCTTTTTGAGAC, located around the 

ATG codon) and an adapter primer (AAGCAGTGGTATCAACGCAGAGT). A single PCR product of 1791 bp 

was generated and subcloned in the pGEM-T vector (Promega) and designated as the seabream myogenin 

cDNA pGEM-myogenin (GenBank Accession # EF462191).  The full length cDNA was sequenced using Sp6 

or a T7 primer.  

To determine the exon/intron sequences and to confirm the intron and exon junctions, the myogenin 

genomic sequence was cloned by PCR from seabream genomic DNA specific primers (Fw 

GTCCAGTATGGAGCTTTTTGAGAC; Rv GAACGTATTTACATCACTAGCATTC).  The full length genomic 

sequence of myogenin was cloned into a pGEM-T vector and sequenced (GenBank Accession # EF462192). 

The three exon sequences were deducted by comparison with myogenin sequence from other species. 

3.2. Isolation of sea bream myogenin promoter and 5’ flanking sequence 

The seabream myogenin promoter and 5’ flanking sequence were isolated as DNA fragments by 

PCR using DNA from the seabream GenomeWalker libraries obtained using the restriction enzymes EcoRV, 

and Pvu (Tan et al. 2002a). Several sequences were isolated by two rounds of PCR using gene-specific 

primers (sbmg3: CATGGAGTTCCTATCCTGGTAGGCG; sbmg4: ACTGGACAACGCTGTGGTCTGAAAG) 

and adapter primers (Ap1: GTAATACGACTCACTATAGGGC; Ap2: ACTATAGGGCACGCGTGGT.  All PCR 

fragments were cloned into pGEM-Teasy cloning vector (Promega) and used for sequence and promoter 

activity analysis.  The complete genomic DNA sequence was determined from the 5’ of the promoter to the 3’-

UTR and submitted to GenBank (Accession # EF462192).  

3.3. Construction of Myogenin-GFP transgenes 

To analyze the promoter activity, three different lengths fo the seabream myogenin promoter (3.1kb, 

550bp and 220bp) were amplified and cloned in pGEM-Teasy. The promoter regions including the 5�-UTR 

sequence were then released from the pGEM-Teasy vector by EcoRI digestion and cloned into the EcoRI site 

of the pEGFP-1 construct (Clontech). The resulting plasmids were confirmed by DNA sequencing and 

designated as Myog3100-GFP, Myog550-GFP and Myog220-GFP, respectively. 

3.4. RT-PCR  

To determine the expression of myogenin in seabream muscle, total RNA was extracted from slow 

(red) and fast (white) muscles and from liver from 18 months old seabream. In addition, RNA was also isolated 

from myocytes in primary culture. cDNA was synthesized and the expression of myogenin was analyzed by 

RT-PCR using specific primers from the first exon (sb_mgEx1: CAGAGGCTGCCCAAGGTGGAG) and the 

second exon (sb_mgEx2RV: CAGGTGCTGCCCGAACTGGGCTCG).  

3.5. Whole-mount in situ hybridization and antibody staining 
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Whole-mount in situ hybridization and antibody staining were carried out as previously described (Du 

and Dienhart, 2001). The digoxygenin (DIG)-labeled antisense probe was synthesized by T7 RNA polymerase 

in vitro using SalI linearized pGEM-myogenin plasmid that contained the full length myogenin cDNA of 

seabream. 

Briefly, seabream embryos were produced by natural spawning using cultured seabream from Planta 

de Cultivos Marinos (CASEM, Universidad de Cádiz, Spain). Fertilized eggs were kept in 200 L tanks under 

natural photoperiod (January) and constant temperature (18 ºC) and salinity (38 ppt) in an open-circuit system 

with aeration until sampling. Embryo samples were fixed at 30 h post-fertilization in 4% paraformaldehyde in 1 

x PBS overnight at 4 ºC, then washed in 1x PBST (0.1% Tween-20 in 1xPBS), dechorioned and stored in 

100% methanol at –20°C. The embryos were rehydratated and washed several times in 1xPBST and then 

prehybridized in 400 �l prehybridization solution for 4 h at 70°C with shaking. The embryos were hybridized 

with 50 ng of DIG-labeled myogenin probe in 400 �l hybridization solution at 70°C overnight. The embryos 

were then washed with 50% prehybridization solution in 1× SSC at 70°C for 15-30 min, twice with 0.2 × SSC 

containing 0.1% CHAPS for 30 min at 70°C, and once with 1× MAB for 5 min at room temperature (pH 7.5). 

The embryos were blocked in blocking buffer (10% goat serum, 2%BMB blocking reagent in 1× MAB) for 4 h 

at room temperature, then incubated in 1:2000 diluted preabsorbed anti-DIG antibody overnight at 4°C. The 

embryos were extensively washed with PBST, followed by incubation with an Alkaline phosphate buffer (0.1 M 

Tris-HCl pH9.5, 50mM MgCl2, 0.1M NaCl, 0.1%Tween20). The embryos were finally stained with NBT/BCIP 

mix solution in Alkaline buffer for at least 30min at RT and protected from light. The staining reaction was 

monitored under the microscope, and it was stopped by washing twice for 10 min with PBST. Embryos were 

photographed in 3% methylcellulose. 

3.6. Microinjection and detection of GFP expression in zebrafish embryos 

Mature zebrafish were raised at the Aquaculture Research Center, University of Maryland 

Biotechnology Institute. The fish were maintained with a photoperiod of 14 h light and 10 h dark in 36-liter 

aquariums supplied with freshwater and aeration. Spawning of zebrafish was carried out by putting one male 

with two females. For DNA microinjection, the different Myog-GFP plasmids were dissolved in distilled water to 

a final concentration of 50 �g/ml. A final concentration of 0.1% phenol red was added to the DNA solutions to 

facilitate visualization during microinjection. Approximately 2 nl DNA solution was microinjected into the 

cytoplasm of zebrafish embryos at the one- or two-cell stage, using a PLI-100 pico-injector (Medical System 

Corp., New York, USA). Injected embryos were raised as described in the Zebrafish Book (Westerfield 1995), 

and staged according to (Kimmel et al. 1995). GFP expression was directly observed using fluorescence 

microscopy at 24 hpf. 

3.7. Intramuscular injection of Myog-GFP constructs in zebrafish muscle 

To assess the activity of the myogenin promoter to induce gene expression in fish muscle, adult 

zebrafish were injected with 50ul of DNA solution containing 5ug of the Myog3100-GFP plasmid together with 

a 0.5% of India Ink, using a 28G1/2 needle/syringe.  Fish were sacrificed at day 3, 7 and 11 post-injection and 

skeletal muscle was dissected, fixed in paraformaldehyde 4% and embedded in OCT. Cross-sections were 

obtained by cutting into a cryostat at -20ºC, and the samples were fixed onto slides pre-treated with a 1% 

gelatin solution. Myofibers expressing GFP were directly observed under fluorescence microscopy (Axioplan2, 

Zeiss) and photographed using an Olympus digital camera (DP70, Olympus). 
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4. RESULTATS 

4.1. Isolation and characterization of seabream myogenin gene 

The myogenin cDNA is approximately 1791 bp long. The myogenin genomic gene is about 6kb long 

including a 3.1 kb promoter and 5  ́ flanking sequence. Sequence analysis showed that the myogenin gene 

contained three exons and two introns with conserved consensus sequence GT…AG at the exon/intron 

junctions, and the highly conserved bHLH domain coding sequence in the first exon. 

The myogenin cDNA encodes a protein of 250 amino acids with a predicted molecular weight of 27 

kDa (Fig. 1). The bHLH domain of 65 aa is clearly identified in the middle of the protein between positions 91 

and 155.  Sequence comparison of seabream Myogenin with Myogenins from other fish species revealed that 

the fish Myogenin proteins share a homology between 80% to 98%, of which Myogenin from striped bass 

(Morone saxatilis) shares the highest similarity (98%) with seabream Myogenin.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1. Protein sequence comparison of seabream Myogenin with other vertebrate Myogenins. The highly  conserved basic helix-

loop-helix domains are underlined, and  the basic region is indicated by shading. The conserved residues are indicated by dots. The 

GenBank accession numbers for these Myogenin proteins are: seabream Myogenin (EF462191); striped bass Myogenin 

(AAL66388.1), halibut Myogenin (CAD32316.1), fugu Myogenin (AAR88253.1), carp Myogenin (BAA33564.1), zebrafish myogenin 

(NP571081.1), rainbow trout Myogenin (CAA87010.1), Spotted green  pufferfish Myogenin (AAS88437.1), salmon Myogenin 

(ABC26029.2), chicken Myogenin (NP989515.1), pig Myogenin (X89007) and human Myogenin (EAW91464.1). 
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Analysis of the promoter sequence revealed that several regulatory elements involved in the muscle 

specificity were present in this region, such as the putative E-boxes and the MEF2 and MEF3 binding sites. 

The most proximal elements to ATG are two E-boxes at the positions -190 and -176, and a putative MEF2 

binding sequence at position -244 and a MEF3 binding site at -265, respectively. The organization of the E 

boxes, Mef2 and Mef3 binding sites in the myogenin promoter appears to be conserved among different fish 

species, because similar binding sites have been identified in the proximal sequence of myogenin promoter 

from striped bass and zebrafish (Fig. 2) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2. Comparison of 5’ flanking sequence of myogenin from seabream and other fish species. The ATG position is designated as 

a +1. Regulatory elements are underlined: The two proximal E-boxes (CAnnTG) are indicated in by shading and the MEF2 

(CTAAATTTA) and the MEF3 binding site (TCAGGTT) are indicated in italics. The GenBank accession numbers for these sequences 

are: EF462191 (seabream), AAL66388.1 (striped bass) and NP571081.1 (zebrafish). 

                        -628                                                        -559 
            S.aurata  AACATCTTGT CATTGTATAT CATTGGCTTC TAGTAGAAGT GACAGCTGTT TCCAGACTGT CCCTGCCGCC 
         M.saxatilis  ---------- ---------- ---C·A·GG· CC·GGCTG·· -----····· ·········· ····ATT··· 
             D.rerio  ---------- ---------- ---------- ---------- ---------- ---------- ---------- 

                     -558                                                      -489 
            S.aurata  CATCCGTCCC CCTCCTCCA- CCCCCATGGC AGGGGACTTC ATGTATGGTG TCATGGAGGG AGACGCG--A 
         M.saxatilis  ·----··G·· ·········G ··A······· ·········· ·C········ ·········· ·······--· 
             D.rerio  ---------- -T··AG·A·A T··TGTCT·A T·A···T··A TCT··GTCA· ···ATTTA·· ··C··T·CT· 

                   -488                                                      -419 
            S.aurata  GTCTGGGATT AGCTCATTAA GACGGGCATC TTTGATCCCA GGTTATCTCT CCCATTTCCA CGGCAACTTG 
         M.saxatilis  ·········· ·········· ·····A···· ·········· ·········· ·········· ·A········ 
             D.rerio  CA·CTTTCA· ·T···CAAC· ·C·------T G·A·T·TGAT TTCC·CGG·C ····GA··AT ATTCCT---- 

                   -418                                                           -349 
            S.aurata  ATCATATCCT GGCCTCTTAA GACACACATG AGCGCA--GA CCCACACAAG GGCACATAAA CACACACACA 
         M.saxatilis  ·········· ·········· A····G··C· ···A··TG·· ·········· ·····G··C· ·G········ 
             D.rerio  ---------- --GGA···TC ACTG·TGGCC T··-·GCC·T T--------- ---C·TC··G ··A··C·TGT 
                    

                        -348                                                        -279 
            S.aurata  TAAACGGGCC TTAAAGCCCT AGAGAGCAGA GCCCAACAGA GATGTGAAGT GTAGATGTGC AGCAACAGCT 
         M.saxatilis  --··T····· A········· ·········G ·········· ·········· ·········· ·········· 
             D.rerio  CCC·AATC·· CAG···ATTG ·AGA·TG--- ----··A··· ·····A···· T········T G········· 
             

                        -278                                                            -209 
            S.aurata  AAACGTCGTG tcaggttTCT GGGGGCTCGT Gctaaattta aCCCTGTGAT CCTGCAGCAG GCAGAGGGGT 
         M.saxatilis  ·········· ·········· ·····T···· ·········· ········G· ·········· ·········· 
             D.rerio  ·····G··GC ·········· CCAA··C·TG ····T····· ···TAC···· ·TAA··C··· ······A·T· 

                        -208                                                               -139 
            S.aurata  TTAAATGCCA GCCTACAGTT GCTCCACACC AGTTGTTCCA CACACGTCTT CCCC-TCATC ACAAACCCAG 
         M.saxatilis  ·········· ·········· ·········· ········TC ·········· ··A·-····· ·········· 
             D.rerio  ·A··TGC·AC CAG·G····· ·G·GTGG·G· ······CGTC ····GA···· ·TT·AGA·A· ··CC··AA·C 
             

                        -138                                                               -69 
            S.aurata  GCAAGGCAGC CACACACACC TACACTCGGA CACACACGCT CAA--GGCGC AGGACCGAAG AAGTCAACAT 
         M.saxatilis  ·····A···· ·········· ·······C·· ·········C TC·--····· ·········· ·---·C··T· 
             D.rerio  ··TCACA··- -GAC·TGTA· AG·TT·TCAG AGG·G··A·A GC·CA·C··G T····TCT·A ·CCAGC·A·G 
             

                        -68                                                               +1 
            S.aurata  ACAGTAGAGC AGAGTTTCCA GGGGAAGCAG GAATCTTCGT CCCCTTTCAG ACCACAGCGT TGTCCAGTAT G 
         M.saxatilis  ···A······ ··---····T ·········· ·······T·· ···T······ ·········· ·········· · 
             D.rerio  ···TG----- ---------- ---------- ---------- ---------- ---------- ---------- - 
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4.2. Expression of Myogenin in skeletal muscles, cultured myocytes and seabream embryos. 

Expression of myogenin cDNA was analyzed by RT-PCR using myogenin specific primers.  

Myogenin transcripts were detected in both types of muscles of all fish analyzed (n = 3).  No PCR products 

could be detected in liver tissue used as a negative control (data not shown). We also analyzed the mRNA 

expression in primary culture of myocytes and detected strong myogenin expression at day 4. 

We examined the spatial expression of myogenin in seabream embryos by whole mount in situ 

hybridization. A strong muscle specific expression was detected in developing somites of seabream embryos 

and this expression appeared to be restricted to developing somites (Fig. 3).  Little or no myogenin expression 

could be detected in non-somitic tissues, including the presomitic mesoderm. Expression of myogenin 

gradually disappeared in the medial region of the somite, but remained strong in the lateral region of the 

somite, suggesting that somatic cells in medial and lateral regions within a somite may have different status of 

differentiation.  

 

 

 

 

 

Figure 3. Spatial expression of Myogenin in seabream embryos. Whole-mount in situ hybridization (dorsal view, head to the right) 

showing myogenin expression in embryos at 30hpf. Expression of myogenin gradually disappeared in the medial region of the somite 

(black arrows), but remained strong in the lateral region of the somite (white arrows). 

 

4.3. Seabream Myogenin promoter targets muscle-specific GFP expression in zebrafish embryos and 

in fish muscle 

To gain insight into the regulation of the muscle-specific expression, the activity of the myogenin 

promoter was analyzed by transient expression in zebrafish embryos and in zebrafish skeletal muscle. 

Myog3100-GFP, Myog550-GFP or Myog220-GFP, were injected into zebrafish embryos. GFP expression was 

monitored by direct observation under the fluorescence microscope. A mosaic pattern of expression was 

observed which is typical for transient expression analysis in zebrafish embryos (Du et al. 2001). 

Our results demonstrated that the myogenin promoter with either a 3100 bp or 550 bp sequence 

could direct GFP expression specifically in skeletal muscles although GFP expression in Myog3100-GFP 

injected embryos appeared to be slightly stronger than that of Myog550-GFP injected embryos (Fig. 4).  

Further deletion of the promoter sequence to -220 bp position significantly reduced the activity of the 

promoter.  Zebrafish embryos injected with the Myog220-GFP construct showed a weak GFP expression in 

myofibers.  This data confirmed that the seabream myogenin promoter contains necessary regulatory 

elements for muscle-specific expression between position -550 bp to -220 bp, and moreover that these 

elements could function across different fish species.  
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Figure 4. Transient expression analysis of seabream Myogenin promoter activity in zebrafish embryos. The mosaic pattern of 

expression is typical with transient expression studies in zebrafish embryos (Westerfield et al. 1992; Du and Dienhart 2001). A, B, C 

Muscle-specific expression of green fluorescent protein (GFP) reporter gene in 48-hpf zebrafish embryos injected with DNA construct 

Myog3100-GFP (A), or Myog550 GFP (B) or Myog200-GFP Myog3100-GFP (C). 

 

4.4. Myogenin promoter directs GFP expression in zebrafish skeletal muscles  

The MyogGFP3100 DNA construct was injected intramuscularly into skeletal muscles of adult 

zebrafish. GFP expression was analyzed by direct observation on cryostat sections at 3, 7 and 11 days post-

injection. A weak GFP expression was initially detected in a few myofibers at day 3 post injection (Fig. 5 A, B).  

The levels of GFP expression increased significantly at day 7 (Fig. 5 C, D).  By day 11, a strong GFP 

expression was detected in many myofibers in the injected zebrafish (Fig. 5 E, F).  Injection with a 

promoterless control EGFP construct showed no GFP expression (Data not shown).  Together, these data 

indicate that the seabream myogenin promoter could direct muscle specific gene expression in fish skeletal 

muscles through direct DNA injection, and moreover, these data also implicated that the myogenin gene is 

transcription active in adult skeletal muscle fibers in zebrafish. 
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Figure 5. Green fluorescence protein expression in muscle fibers of adult zebrafish (A-F), following intramuscular injection of 

Myog3100-GFP plasmid DNA. The DNA construct was injected into skeletal muscles of zebrafish or seabream.  The GFP expression 

was observed directly in frozen sections of skeletal muscles near the injection site at 3 (A, B), 7 (C, D) or 11 (E, F) days post injection.  

A, C and E were taken with a 10x objective, whereas B, D and F were taken with a 40X objective. 

 

5. RESUM I CONCLUSIONS 

The present study reports the cloning and characterization of an orthologue of the mammalian 

myogenin gene in seabream.  It represents the third member of the MRF family identified in this species, after 

MyoD1 and MyoD2 (Tan et al. 2002a). We have characterized the expression of myogenin in seabream 

embryos, adult skeletal muscles and in primary muscle cell culture.  The data showed that seabream 

myogenin is specifically expressed in developing somites and skeletal muscle cells.  Furthermore, we have 

analyzed the activity of the myogenin promoter in zebrafish embryos and skeletal muscle.  We found that the 

550 bp sequence in the promoter and 5’ flanking region is sufficient for the muscle specificity.   

5.1. The structure of fish myogenin 

The structure of the seabream myogenin gene is similar to that of other vertebrates, with 3 exons 

and 2 introns.  The deduced amino acid sequence shared 51%, 58% and 94% identity with human, chicken 

and striped bass, respectively. Protein alignments with Myogenins of other vertebrates indicated the highest 

homology with Myogenin from striped bass (Morone saxatilis). 

Like myogenin gene of other vertebrate species, the first exon encodes the conserved bHLH domain 

of 65 amino acids, whereas exon 2 encodes the transactivation domain of 33 amino acids (Schwarz et al. 

1992).  The HLH region of Sparus aurata has a 89% identity with that of human and chicken Myogenin 
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proteins, and a 100% of homology with its orhologues in striped bass. Seabream myogenin also contained a 

12-residue subdomain of the basic region (RRRAATMREKRR) which is required for DNA binding and 

heterodimerisation with the HLH protein E12.  The two amino acids Ala103 and Thr104 that are necessary to 

confer muscle specificity to the basic domain (Brennan et al. 1991) were also present. Exon 3 mainly encodes 

the conserved C terminal segment, common to all four Myogenic regulatory proteins (Fujisawa-Sehara et al. 

1990). Amino acid residues 179-199 of seabream Myogenin correspond to a serine-rich region 

(VSSSSEPSSGSTCCSSPEWSS) that is conserved amongst several fish species. This region contains 

multiple potential serine phosphorylation sites and might regulate transcriptional activity of the C-terminal 

domain. 

5.2. Myogenin expression 

RT-PCR indicated that myogenin is expressed in both slow and fast muscles, and it appears that the 

levels of expression are higher in fast (white) muscles than slow (red) muscles.  

In primary culture of muscle cells,  we showed that myogenin mRNA transcripts could be detected in 

all the stages of culture, from myoblasts to well-formed myotubes.  

5.3. Muscle specificity of seabream myogenin promoter 

The 550 bp seabream myogenin promoter was sufficient to drive GFP expression in muscle cells of 

zebrafish embryo, suggesting that muscle-specific regulatory elements were present in the promoter 

sequences, and that they could function across species. Sequence analyses revealed several conserved E-

box sites (CANNTG), which is known to be essential for activation of numerous skeletal muscle-specific genes 

(Edmondson et al. 1993). In addition, a MEF2 and a MEF3 binding site were also found in the proximal 

promoter. MEF2 and MEF3 proteins are involved in control of myogenesis, coopering with the MRFs to bind 

DNA.  

Deletion of the MEF2 and MEF3 binding sites significantly reduced GFP expression of the Myog200-

GFP construct, indicating that these two elements are necessary for the muscle expression of myogenin. It 

should be noted that deletion of the MEF2 and MEF3 binding sites significantly reduced but did not completely 

abolish the muscle specific expression.  A weak muscle specific expression was observed in embryos injected 

with the Myog200-GFP construct.  The weak expression might be due to the presence of two E-box sites in 

the 200 bp proximal promoter. These data indicate that the muscle-specific regulation of myogenin expression 

could be controlled by a similar mechanism that is conserved during evolution. 

We have also demonstrated that the seabream myogenin promoter was able to direct gene 

expression in zebrafish skeletal muscle after a direct DNA injection. These data demonstrate once more that 

the seabream myogenin promoter could function across species, and be active in adult fish muscle.  
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