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                    Summary
Cod (Gadus morhua) of 50 g body weight were kept at 14°C. The fish were fed ad libitum during 80 days a diet containing protein levels which in terms of total energy corresponded to 25%, 45% or 65%. Growth increased in accordance with protein-energy levels. The protein content per gram of wet weight of white trunk muscle was unchanged, as was the myofibrillar protein myosin heavy chain determined by the antigen-antibody reaction of the enzyme-linked immunosorbent assay. The amount of messenger ribonucleic acid (mRNA) coding for myosin heavy chain was lower at 25% than at 45% or 65% protein-energy intake, the differences being significant per gram of wet weight of muscle. Acid proteinase activity was highest at the lowest protein-energy intake. Glycogen content in muscle increased with the protein-energy levels. It is concluded that the metabolic response of white trunk muscle to graded protein-energy intake included a change in the capacity to synthesize myosin heavy chain as judged by its mRNA content. The protein content per gram of wet weight was unaffected by dietary protein-energy levels of 25%, 45% and 65%, but protein accretion and thus growth of the animals increased with the protein intake. Dietary protein-energy restriction caused a rise in acid proteinase activity and a decrease in content of mRNA for myosin heavy chain, resulting in a diminished growth rate at an unchanged protein content per gram of wet weight of muscle.



                    
    


                    
                        
                            
                                
                                    
                                        
                                    
                                    
                                        This is a preview of subscription content, log in via an institution
                                    
                                    
                                        
                                     to check access.
                                

                            

                        

                        
                            
                                
                                    Access this article

                                    
                                        
                                            
                                                
                                                    Log in via an institution
                                                    
                                                        
                                                    
                                                
                                            

                                        
                                    
                                    
                                        
 
 
  
   
    
     
     
      Buy article PDF USD 39.95
     

    

    Price excludes VAT (USA)

     Tax calculation will be finalised during checkout.

    Instant access to the full article PDF.

   

  

  
 

 
  
   
    Rent this article via DeepDyve
     
      
     

   

  

  
 


                                    

                                    
                                        Institutional subscriptions
                                            
                                                
                                            
                                        

                                    

                                

                            
                        

                        
                            
                        

                    

                    
                        
                    


                    
                        
                            
                                
        
            
                Similar content being viewed by others

                
                    
                        
                            
                                
                                    [image: ]

                                
                                
                                    
                                        Effect of dietary protein and lipid level on growth, feed utilization, and muscle composition in golden mandarin fish Siniperca scherzeri
                                        
                                    

                                    
                                        Article
                                         Open access
                                         12 May 2017
                                    

                                

                                Zohreh Sankian, Sanaz Khosravi, … Sang-Min Lee

                            
                        

                    
                        
                            
                                
                                    [image: ]

                                
                                
                                    
                                        Effects of dietary protein levels on growth, feed utilization, body composition and ammonia–nitrogen excretion in juvenile Nibea diacanthus
                                        
                                    

                                    
                                        Article
                                        
                                         19 November 2015
                                    

                                

                                Wenjia Li, Xiaobo Wen, … Dashi Zhu

                            
                        

                    
                        
                            
                                
                                    [image: ]

                                
                                
                                    
                                        Effects of Dietary Protein and Lipid Levels on Growth Performance, Muscle Composition, Immunity Index and Biochemical Index of the Greenfin Horse-Faced Filefish (Thamnaconus septentrionalis) Juvenile
                                        
                                    

                                    
                                        Article
                                        
                                         07 August 2021
                                    

                                

                                Zhengxin Xu, Pengfei Zhang, … Zhida Wang

                            
                        

                    
                

            
        
            
        
    
                            
                        
                    

                    

                    

                    Abbreviations
	CTP:
	
                    cytidine triphosphate

                  
	DNA:
	
                    desoxyribonucleic acid

                  
	EDTA:
	
                    ethylenediaminetetra-acetic acid

                  
	mRNA:
	
                    messenger ribonucleic acid

                  
	TRIS:
	
                    tris(hydroxymethyl)aminomethane

                  



References
	Ambrose JA (1974) Fluorometric measurement of tyrosine in serum and plasma. Clin Chem (NY) 20:505–510

                    Google Scholar 
                

	Anderson MLM, Young BD (1985) Quantitative filter hybridisation. In: Hames BD, Higgins SJ (eds) Nucleic acid hybridisation. IRL Press, Oxford, pp 73–111

                    Google Scholar 
                

	Ando S, Hatano M, Zama K (1986) Protein degradation and protease activity of chum salmon (Oncorhynchus keta) muscle during spawning migration. Fish Physiol Biochem 1:17–26

                    Google Scholar 
                

	Anson ML (1939) The estimation of pepsin, trypsin, papain and cathepsin with haemoglobin. J Gen Physiol 22:79–89

                    Google Scholar 
                

	Arrand JE (1985) Preparation of nucleic acid probes. In: Hames BD, Higgins SJ (eds) Nucleic acid hybridisation. IRL Press, Oxford, pp 17–45

                    Google Scholar 
                

	Bantle JA, Maxwell IH, Hahn WE (1976) Specificity of oligo(dT)-cellulose chromatography in the isolation of polyadenylated RNA. Anal Biochem 72:413–427

                    Google Scholar 
                

	Bone Q (1966) On the function of the two types of myotomal muscle fiber in elasmobranch fish. J Mar Biol Assoc UK 46:321–349

                    Google Scholar 
                

	Bradford MM (1976) A rapid and sensitive method for the quantitation of microgram quantities of protein utilizing the principle of protein-dye binding. Anal Biochem 72:248–254
Article 
    CAS 
    PubMed 
    
                    Google Scholar 
                

	Brett JR, Groves TDD (1979) Physiological energetics. In: Hoar WS, Randall DJ, Brett JR (eds) Fish physiology, vol VIII. Academic Press, New York London, pp 279–352

                    Google Scholar 
                

	Cowey CB (1988) The nutrition of fish: the developing scene. Nutr Res Rev 1:255–280

                    Google Scholar 
                

	Cowey CB, Sargent JR (1979) Nutrition. In: Hoar WS, Randall DJ, Brett JR (eds) Fish Physiology, vol VIII. Academic Press, New York London, pp 1–69

                    Google Scholar 
                

	Crooke WM, Simpson WE (1971) Determination of ammonium in Kjeldahl digest of crops by an automated procedure. J Sci Food Agric 22:9–10

                    Google Scholar 
                

	Decken A von der (1989) Ration size feeding of cod (Gadus morhua): effect on skeletal muscle proteins, with special reference to myosin heavy chain. Aquaculture 79:47–52

                    Google Scholar 
                

	Decken A von der, Omstedt PT (1972) Dietary protein quality measured by in vitro protein synthesis in rat skeletal muscle ribosomes. J Nutr 102:1555–1562

                    Google Scholar 
                

	Decken A von der, Lied E (1989) Myosin heavy chain synthesis in white trunk muscle of cod (Gadus morhua) fed different ration sizes. Fish Physiol Biochem 6:333–340

                    Google Scholar 
                

	Dretzen G, Bellars M, Sassone-Corsi P, Chambon P (1981) A reliable method for the recovery of DNA fragments from agarose and polyacrylamide gels. Anal Biochem 112:295–298

                    Google Scholar 
                

	Engvall E, Perlmann P (1972) Enzyme-linked immunosorbent assay. III. Quantitation of specific antibodies by enzyme-labeled anti-immunoglobulin in antigen-coated tubes. J Immunol 109:129–135

                    Google Scholar 
                

	Fauconneau B (1985) Protein synthesis and protein degradation in fish. In: Cowey CB, Mackie AM, Bell JG (eds) Nutrition and feeding in fish. Academic Press, London, pp 17–45

                    Google Scholar 
                

	Friedman DJ, Umeda PK, Sinha AM, Hsu H-J, Jakovcic S, Rabinowitz M (1984) Characterization of genomic clones specifying α- and β-ventricular myosin heavy chains. Proc Natl Acad Sci USA 81:3044–3048

                    Google Scholar 
                

	Greer-Walker M (1970) Growth and development of the skeletal muscle fibers of the cod (Gadus morhua L.). J Cons Int Explor Mer 33:228–244

                    Google Scholar 
                

	Haines TA (1973) An evaluation of RNA-DNA ratio as a measure of long-term growth in fish populations. J Fish Res Board Can 30:195–199

                    Google Scholar 
                

	Hames BD (1983) An introduction to polyacrylamide gel electrophoresis. In: Hames BD, Rickwood D (eds) Electrophoresis of proteins. IRL Press, Oxford, pp 1–91

                    Google Scholar 
                

	Harris RC, Hultman C, Nordesjö L-O (1974) Glycogen, glycolytic intermediates and high-energy phosphates determined by biopsy samples of musculus quadriceps femoris of men at rest. Methods and variance of values. Scand J Clin Lab Invest 33:109–120

                    Google Scholar 
                

	Houlihan DF, Hall SJ, Gray C, Noble BS (1988) Growth rates and protein turnover in Atlantic cod, Gadus morhua. Can J Fish Aquat Sci 45:951–964

                    Google Scholar 
                

	Johnston IA (1981) Structure and function of muscles. In: Day EH (ed) Symposium of the Zoological Society of London, “Vertebrate Locomotion”. Academic Press, London, pp 71–113

                    Google Scholar 
                

	Karn J, Brenner S, Barnett L, Cesareni G (1980) Novel γ bacteriophage cloning vector. Proc Natl Acad Sci USA 77:5172–5176

                    Google Scholar 
                

	Karn J, Brenner S, Barnett L (1983) Protein structural domains in the Caernohabditis elegans unc-54 myosin heavy chain gene are not separated by introns. Proc Natl Acad Sci USA 80:4253–4257

                    Google Scholar 
                

	Lied E, Rosenlund G (1984) The influence of the ratio of protein energy to total energy in the feed on the activity of protein synthesis in vitro, the level of ribosomal RNA and the RNA-DNA ratio in white trunk muscle of Atlantic cod (Gadus morhua). Comp Biochem Physiol 77A:489–494

                    Google Scholar 
                

	Lied E, Decken A von der (1985) Purification of fish muscle myosin heavy chain and quantification of the specific polyribosomebound polypeptide. Biochem J 232:467–470

                    Google Scholar 
                

	Lied E, Lund B, Decken A von der (1982) Protein synthesis in vitro by epaxial muscle polyribosomes from cod, Gadus morhua. Comp Biochem Physiol 72B:187–192

                    Google Scholar 
                

	Lund B, Decken A von der (1980) Protein synthesis in vitro after cryopreservation of rat skeletal muscle. Z Tierphysiol Tierernähr Futtermittelkd 44:255–266

                    Google Scholar 
                

	Maniatis T, Fritsch EF, Sambrock KJ (1982) Molecular cloning: a laboratory manual. Cold Spring Harbor Laboratory, Cold Spring Harbor, New York

                    Google Scholar 
                

	Meinkoth J, Wahl G (1984) Hybridisation of nucleic acids immobilized on solid supports. Anal Biochem 138:267–284

                    Google Scholar 
                

	Millward DJ (1989) The nutritional regulation of muscle growth and protein turnover. Aquaculture 79:1–28

                    Google Scholar 
                

	Millward DJ, Garlick PJ, Stewart RJC, Nnanyelugo DO, Waterlow JC (1975) Skeletal muscle growth and protein turnover. Biochem J 150:235–243

                    Google Scholar 
                

	Mommsen TP, French CJ, Hochachka PW (1980) Sites and patterns of protein and amino acid utilization during the spawning migration of salmon. Can J Zool 58:1785–1799

                    Google Scholar 
                

	Nazar SD, Persson G, Olin T, Waters S, Decken A von der (1991) Sarcoplasmic and myofibrillar proteins in white trunk muscle of salmon (Salmo salar) after estradiol treatment. Comp Biochem Physiol 98B:109–114

                    Google Scholar 
                

	Persson G, Löfberg EHA, Decken A von der (1991) Antigenicity of myosin heavy chain from skeletal muscle of fish species and humans as determined by the ELISA technique. Biochem Arch 7:1–11

                    Google Scholar 
                

	Pfeffer E (1982) Utilization of dietary protein by salmonid fish. Comp Biochem Physiol 73B:51–57

                    Google Scholar 
                

	Setaro F, Morley CGD (1976) A modified fluorometric method for the determination of microgram quantities of DNA from cell or tissue cultures. Anal Biochem 71:313–317

                    Google Scholar 
                

	Shemino S Hosokawa H, Hirata H, Takeda M (1977) Comparative studies on carbohydrate metabolism of yellowtail and carp. Bull Jpn Soc Sci Fish 43:213–217

                    Google Scholar 
                

	Sinha AM, Umeda PK, Kavinsky CJ, Rajamanickam C, Hsu H-J, Jakovcic S, Rabinowitz M (1982) Molecular cloning of mRNA sequences for cardiac α- and β-form myosin heavy chains: expression in ventricles of normal, hypothyroid, and thyrotoxic rabbits. Proc Natl Acad Sci USA 79:5847–5851

                    Google Scholar 
                

	Snedecor GW, Cochran WG (1980) Statistical methods, 7th edn. Iowa State University Press, Ames, Iowa, pp 235–237

                    Google Scholar 
                

	Walton MJ (1985) Aspects of amino acid metabolism in teleost fish. In: Cowey CB, Mackie AM, Bell JG (eds) Nutrition and feeding in fish. Academic Press, London, pp 47–67

                    Google Scholar 
                

	Woessner JF (1972) Pepstatin inhibits the digestion of haemoglobin and protein-polyacrylamide complex by cathepsin D. Biophys Biochem Res Commun 47:965–970

                    Google Scholar 
                


Download references




Author information
Authors and Affiliations
	The Wenner-Gren Institute, Biology F3, University of Stockholm, S-106 91, Stockholm, Sweden
Alexandra von der Decken

	Nutrition Institute, N-5024, Bergen, Norway
Einar Lied


Authors	Alexandra von der DeckenView author publications
You can also search for this author in
                        PubMed Google Scholar



	Einar LiedView author publications
You can also search for this author in
                        PubMed Google Scholar







Rights and permissions
Reprints and permissions


About this article
Cite this article
von der Decken, A., Lied, E. Dietary protein levels affect growth and protein metabolism in trunk muscle of cod, Gadus morhua
.
                    J Comp Physiol B 162, 351–357 (1992). https://doi.org/10.1007/BF00260763
Download citation
	Accepted: 02 December 1991

	Issue Date: June 1992

	DOI: https://doi.org/10.1007/BF00260763


Share this article
Anyone you share the following link with will be able to read this content:
Get shareable linkSorry, a shareable link is not currently available for this article.


Copy to clipboard

                            Provided by the Springer Nature SharedIt content-sharing initiative
                        


Key words
	Protein intake
	White trunk muscle
	Myosin heavy chain
	Growth
	Fish, Gadus morhua









                    
                

            

            
                
                    

                    
                        
                            
    

                        

                    

                    
                        
                    


                    
                        
                            
                                
                            

                            
                                
                                    
                                        Access this article


                                        
                                            
                                                
                                                    
                                                        Log in via an institution
                                                        
                                                            
                                                        
                                                    
                                                

                                            
                                        

                                        
                                            
 
 
  
   
    
     
     
      Buy article PDF USD 39.95
     

    

    Price excludes VAT (USA)

     Tax calculation will be finalised during checkout.

    Instant access to the full article PDF.

   

  

  
 

 
  
   
    Rent this article via DeepDyve
     
      
     

   

  

  
 


                                        

                                        
                                            Institutional subscriptions
                                                
                                                    
                                                
                                            

                                        

                                    

                                
                            

                            
                                
    
        Advertisement

        
        

    






                            

                            

                            

                        

                    

                
            

        

    
    
    


    
        
            Search

            
                
                    
                        Search by keyword or author
                        
                            
                            
                                
                                    
                                
                                Search
                            
                        

                    

                
            

        

    



    
        Navigation

        	
                    
                        Find a journal
                    
                
	
                    
                        Publish with us
                    
                
	
                    
                        Track your research
                    
                


    


    
	
		
			
			
	
		
			
			
				Discover content

					Journals A-Z
	Books A-Z


			

			
			
				Publish with us

					Publish your research
	Open access publishing


			

			
			
				Products and services

					Our products
	Librarians
	Societies
	Partners and advertisers


			

			
			
				Our imprints

					Springer
	Nature Portfolio
	BMC
	Palgrave Macmillan
	Apress


			

			
		

	



		
		
		
	
		
				
						
						
							Your privacy choices/Manage cookies
						
					
	
						
							Your US state privacy rights
						
						
					
	
						
							Accessibility statement
						
						
					
	
						
							Terms and conditions
						
						
					
	
						
							Privacy policy
						
						
					
	
						
							Help and support
						
						
					


		
	
	
		
			
				
					
					54.226.229.159
				

				Not affiliated

			

		
	
	
		
			[image: Springer Nature]
		
	
	© 2024 Springer Nature




	






    