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Experiment 2: Effects of -MSH on osteoblastic and osteoclastic activities in the scales of goldfish (in vitro 
experiment)  

To confirm the results of in vivo experiments, in vitro experiments were performed. In the cultured regenerating 
scales, osteoblastic and osteoclastic activities significantly increased with α-MSH (10-7 and 10-6 M) treatment. In 
addition, real-time PCR analysis indicated that osteoclastogenesis in α-MSH-treated scales was induced via the 
receptor activator of NFκB (RANK)/receptor activator of NF-κB ligand (RANKL)/osteoprotegerin (OPG) 
pathway (Fig.2). Furthermore, we found that the mRNA expression of cathepsin K (osteoclastic functional gene) 
in the scales increased significantly with α-MSH treatment after 6 hours of incubation, and receptors of α-MSH 
were detected in the regenerating scales. 

 

 
 

 
 

 

 
【Conclusion】 

In teleosts, I demonstrate that α-MSH functions in bone metabolism and promotes bone resorption. This 
activation was induced by the RANK/RANKL/OPG pathway.  
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Fig. 2.  Effects of α-MSH on RANKL (A) and OPG (B) mRNA expression in the regenerating scales of goldfish. The 

regenerating scales were incubated for 3 hours in medium supplemented with α-MSH (10-6 M). The expressions of 

RANKL and OPG mRNA were analyzed. In addition, RANKL/OPG (C) was calculated as an indicator of 

osteoclastogenesis. * and ** indicate statistically significant differences, at p < 0.05 and p < 0.01, respectively, from 

the values in the control scales. n = 12 samples; one sample from one fish. Elongation factor-1α was used for 

normalization to each mRNA expression level (Sato et al., 2016). 
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【Background】 
Fish body surface has a barrier which protects their body from attacks of pathogens. Recently, we discovered 
the L-amino acid oxidase (LAO) as a host-defense molecule in fish skin and blood (Kitani et al., 2007, 2010). 
This molecule elaborates the hydrogen peroxide by oxidization of the L-amino acid substrate. (Fig. 1) The fish 
defense mechanism that mediates LAO and hydrogen peroxide would be an efficient host-defense system; 
nevertheless, it is still unclear. In this study, to 
understand the physiological and biochemical 
functions of LAO, we try to search the diversities of 
fish LAO and clarify its structure. 
          
【Purpose】 
The aim of this study is to search fish species which is 
not yet known to have LAO in their body and to elucidate 
substrate specificity and structure of the LAO of that fish species. 
 
【Method】 
First, inter-fish species screening of serum LAO activity was carried 
out. The specimens were collected from Tsukumo bay, Noto 
Peninsula, Ishikawa Japan, and serum samples were prepared. In this 
study, proteinogenic 20 kinds of L-amino acids were used as LAO 
substrate. This LAO activity assay was carried out following Figure 
2. LAO catalyzes the L-amino acids and subsequently generate 
hydrogen peroxide. To detect the hydrogen peroxide, peroxidase 
(POD) and o-phenylenediamine (OPD) were added. OPD is oxidized 
and colored with the hydrogen peroxide by POD. This is the 
principle of LAO activity assay. Second, antibacterial activity of serum of those fishes was performed by agar 
diffusion and micro dilution assay methods. Third, isolation of serum LAO was tried by a combination of HighQ 
anion exchange chromatography, CHT hydroxyapatite HPLC and Superdex S-200 gel filtration HPLC. Elution 
of LAO was monitored by absorbance at 280 nm and LAO activity. The purity of serum LAO was judged by 
SDS-PAGE. Final, protein sequences of the purified serum LAO were determined. For N-terminal sequencing, 
the protein was transferred onto PVDF membrane and cut the target protein. For internal amino acid sequencing, 
purified LAO was digested by the lysyl endopeptidase. The digests were subjected to reversed phase HPLC to 

Fig.1. Reaction model of LAO  

Fig. 2. flowchart of LAO activity assay 
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collect peptide fragments. Then, amino acid sequencing was analyzed by Edman degradation based protein 
sequencer.  
 
【Result】 
As a result of inter-fish species screening of serum LAO activity, 
the serum of Red-spotted grouper Epinephelus akaara (Kijihata) 
showed the activity (Fig. 3). E. akaara is one of the marine fish 
species which captured in Coast of Japan Sea as precious fish. E. 
akaara serum catalyzed a broad range of L-amino acid substrates 
such as L-histidine, L-methionine, L-phenylalanine, and L-
tryptophan. E. akaara serum showed antibacterial activity against 
Aeromonas salmonicida and Vibrio anguillarum which are well known marine pathogenic bacteria. This activity 
was disappeared by the adding of catalase. Those results suggested that the antibacterial activity of E. akaara 
serum is caused by hydrogen peroxide. Purification of the E. akaara serum LAO was succeeded by the three-
step chromatography described above. As a result of purification, E. akaara serum LAO is an acidic protein with 
molecular mass of 440 kDa and 70 kDa that estimated by gel filtration HPLC and SDS-PAGE, respectively. This 
suggests that E. akaara serum LAO is a multimeric enzyme in vivo. The N-terminal amino acid sequence of E. 
akaara serum LAO determined to DDITEVPDD and two of internal peptide sequences determined to 
NEEEGWYVELGAM and 
YDVWPSEK, respectively. Those 
sequences were highly similar to LAO of 
other fishes. In conclusion, E. akaara 
serum contains antibacterial LAO. This 
molecule may play a role as a host-
defense molecule against invasion and 
infection of bacteria from the wound. 
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Fig. 3. Epinephelus akaara  

Fig. 4. Purified E. akaara serum LAO 
A; chromatogram of gel filtration HPLC, B; SDS-PAGE of LAO. 
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【Background】 

When growing animals encounter adverse conditions, they often reduced 

growth rate by diverting the limited energy from anabolic events to 

survival. Intriguingly, once the adverse condition is eliminated, the stunted 

animals restart growth with accelerated progression rate to reach to the 

original growth level rapidly, which is so-called “catch-up growth” (1, 2). 

In human, this phenomenon is often found in newborns who experienced 

intrauterine growth restriction (IUGR) (3). Since the catch-up growth is 

known to be associated with adult onset diseases (such as type-II diabetes, 

obese, and cardiovascular diseases) in later life of IUGR infants (3), we do 

need to increase our understandings of the molecular and cellular basis of 

the catch-up phenomenon.  

  Studies using rodent models have technical complexities for observing 

and handling of intrauterine specimens. On the other hand, previous study 

developed a unique and competent experimental model of hypoxia-induced growth retardation and the following 

reoxygenation-induced catch-up growth in zebrafish embryo (Fig.1) (2). In that work, it was found that hypoxia 

reduced growth promoting signal such as insulin/insulin-like growth factor (IGF/Igf) signaling (IIS) but reoxygenation 

restored it to induce the catch-up growth. It has been known that the IIS activates two major downstream intracellular 

signaling pathways such as Pi3k-pathway and Mapk-pathway in the context-dependent manner (4), and we know that 

catch-up growth depends more on IIS-Mapk pathway than normal growth in the zebrafish model (2).  

  Insulin receptor substrate (IRS/Irs) is an intracellular IIS mediator that transduces insulin and IGF receptor activation 

to both Pi3k- and Mapk-pathways (4). IRS1 and IRS2 are known to be the major IRS underpinning normal animal 

growth and metabolism in mammals. The role of irs1 in this phenomenon has been studied recently (5), and here, we 

aimed to clarify the role of irs2 in the zebrafish models of catch-up growth.  

 

 

【Results】 

Characterization and developmental expression of zebrafish irs2 genes. 

First of all, for the structural characterization of the Irs2 in zebrafish, we searched zebrafish genome database 

(Ensemble Genome assembly: GRCz10) to find the human IRS2 ortholog in zebrafish. As a result, two irs2 genes 

named as irs2a and irs2b were found. The deduced amino acid sequences of these two Irs2s had relatively higher 

amino acid identities with human IRS2 (Irs2a: 48%; Irs2b 52%) and with each other (61% identity), yet they have 

Fig.1. Schematic illustration of 
representative growth curves of zebrafish 
embryos in normoxia, hypoxia, and 
reoxygenation. 
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