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                    Abstract
Skinned muscle fibers are ideal model preparations for the investigation of Ca2+-regulatory mechanisms. Their internal ionic milieu can be easily controlled and distinct physiological states are well defined. We have measured the total Ca content in the terminal cisternae of such preparations using imaging electron energy-loss spectroscopy (Image-EELS) as a new approach for quantification of sub-cellular element distributions. Murine muscle fibers submitted to a standardized calcium-loading procedure were cryo-fixed with a combined solution exchanger/plunge freezing device. Energy-filtered image series were recorded from ultrathin freeze-dried cryosections of samples immobilized in either relaxed or caffeine-contracted state. From these image series, electron energy-loss spectra were extracted by digital image-processing and quantitatively processed by multiple-least-squares-fitting with reference spectra. The calculated fit coefficients were converted to Ca-concentrations by a calibration obtained from Ca-standards. Total Ca-contents in the terminal cisternae of skinned skeletal muscle fibers decreased upon caffeine-induced Ca-release from 123 ± 159 (±11) to 73 ± 102 (±8) mmol/kg d.w. (weighted mean ± SD (±SEM)).



                    
    


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

                            

                        

                        
                            
                                
                                    Access this article

                                    
                                        
                                            
                                                
                                                    Log in via an institution
                                                    
                                                        
                                                    
                                                
                                            

                                        
                                    
                                    
                                        
We’re sorry, something doesn't seem to be working properly.
 Please try refreshing the page. If that doesn't work, please contact support so we can address the problem.



                                    

                                    
                                        Institutional subscriptions
                                            
                                                
                                            
                                        

                                    

                                

                            
                        

                        
                            
                        

                    

                    
                        
                    


                    
                        
                            
                                
        
            
                Similar content being viewed by others

                
                    
                        
                            
                                
                                    [image: ]

                                
                                
                                    
                                        Characterization of Nanoparticles by FTIR and FTIR-Microscopy
                                        
                                    

                                    
                                        Chapter
                                        
                                         © 2022
                                    

                                

                                
                            
                        

                    
                        
                            
                                
                                    [image: ]

                                
                                
                                    
                                        Atomic Absorption Spectroscopy, Atomic Emission Spectroscopy, and Inductively Coupled Plasma-Mass Spectrometry
                                        
                                    

                                    
                                        Chapter
                                        
                                         © 2017
                                    

                                

                                
                            
                        

                    
                        
                            
                                
                                    [image: ]

                                
                                
                                    
                                        Characterization of Nanoparticles by FTIR and FTIR-Microscopy
                                        
                                    

                                    
                                        Chapter
                                        
                                         © 2021
                                    

                                

                                
                            
                        

                    
                

            
        
            
        
    
                            
                        
                    

                    

                    

                    References
	Boutinard Rouelle-Rossier V, Biggiogera M and Fakan S (1993) Ultrastructural detection of calcium and magnesium in the chromatoid body of mouse spermatids by electron spectroscopic imaging and electron energy loss spectroscopy. J Histochem Cytochem
41: 1155–1162.

                    Google Scholar 
                

	Campbell KP, Franzini-Armstrong C and Shamoo CE (1980) Further characterization of light and heavy sarcoplasmic reticulum vesicles. Biochim et Biophys Acta
602: 97.

                    Google Scholar 
                

	Door R and Gängler D (1995) Multiple least-squares fitting for quantitative electron energy-loss spectroscopy – an experimental investigation using standard specimens. Ultramicr
58: 197–210.

                    Google Scholar 
                

	Egerton RF (1996) Electron Energy-Loss Spectroscopy in the Electron Microscope, 2nd edn. Plenum Press, New York.

                    Google Scholar 
                

	Endo M (1977) Calcium release from the sarcoplasmic reticulum. Physiol Rev
57: 71–108.

                    Google Scholar 
                

	Endo M and Iino M (1988) Measurement of Ca2.-release in skinned fibres from skeletal muscle. Methods Enzymol
157: 12–26.

                    Google Scholar 
                

	Fink RHA and Hillman GM (1988)4-aminopyridine enhances calcium releases in normal and dystrophic skinned fast-twitch fibres. Proc Austral Physiol Pharm Soc
19: 62P.

                    Google Scholar 
                

	Fink RHA and Stephenson DG (1987) Ca2.-movements in muscle modulated by the state of K.-channels in the sarcoplasmic reticulum membranes. Pflügers Arch
409: 374–380.

                    Google Scholar 
                

	Fink RHA and Veigel C (1996) Calcium uptake and release modulated by counter-ion conductances in the sarcoplasmic reticulum of skeletal muscle. Acta Physiol Scand
156: 387–396.

                    Google Scholar 
                

	Fryer M and Stephenson D (1996) Total and sarcoplasmic reticulum calcium contents of skinned fibres from rat skeletal muscle. J Physiol
493(2): 357–370.

                    Google Scholar 
                

	Fryer MW, West J and Stephenson DG (1997) Phosphate transport into the sarcoplasmic reticulum of skinned fibres from rat skeletal muscle. J Muscle Res Cell Mot
18: 161–167.

                    Google Scholar 
                

	Gillis JM, Thomason D, Lefevre J and Kretsinger RH (1982) Parvalbumins and muscle relaxation: a computer simulation study. J Muscle Res Cell Motil
3: 377–398.

                    Google Scholar 
                

	Grohovaz F, Bossi M, Pezatti R, Meldolesi J and Tarelli FT (1996) High resolution ultrastructural mapping of total calcium: electron spectroscopic imaging/electron energy loss spectroscopy analysis of a physically/chemically processed nerve-muscle preparation. Proc Natl Acad Sci USA
93: 4799–4803.

                    Google Scholar 
                

	Heinrich U-R, Maurer J, Mann W and Kreutz W (1992) Localiza-tion of Ca2.-binding capacity in the organ of Corti of the guinea-pig by electron energy-loss spectroscopy. J Microsc
166: 359–365.

                    Google Scholar 
                

	Kitazawa T, Shuman H and Somlyo AP (1983) Quantitative electron probe analysis: problems and solutions. Ultramicr
11: 251–262.

                    Google Scholar 
                

	Körtje K-H (1994) Image-EELS: simultaneous recording of multiple electron energy-loss spectra from series of electron spectroscopic images. J Microsc
174: 149–159.

                    Google Scholar 
                

	Körtje K-H and Körtje D (1992) The application of electron spectroscopic imaging for quantification of the area fractions of calcium-containing precipitates in nervous tissue. J Microsc
166: 343–358.

                    Google Scholar 
                

	Lamvik M, Ingram P, Menon R, Beese L, Davilla S and LeFurgey A (1989) Correction for specimen movement after acquisition of element-specific electron microprobe images. J Microsc
156: 183–190.

                    Google Scholar 
                

	Lavergne J-L, Foa C, Bongrand P, Seux D and Martin J-M (1994) Application of recording and processing of energy-filtered image sequences for the elemental mapping of biological specimens: Imaging-spectrum. J Microsc
174: 195–206.

                    Google Scholar 
                

	Lavergne J-L, Martin J-M and Belin M (1992)Interactive electron energy-loss elemental mapping by the `imaging-spectrum' method. Microsc Microanal Microstruct
3: 517–528.

                    Google Scholar 
                

	Leapman RD, Hunt JA, Buchanan RA and Andrews SB (1993)Measurement of low calcium concentrations in cryosectioned cells by parallel-EELS mapping. Ultramicr
49: 225–234.

                    Google Scholar 
                

	Leapman RD and Swyt CR (1988) Separation of overlapping core edges in electron energy loss spectra by multiple-least-squares fitting. Ultramicr
26: 393–404.

                    Google Scholar 
                

	Makabe M, Werner O and Fink RHA (1996) The contribution of the sarcoplasmic reticulum Ca2.-transport ATP-ase to caeine-in-duced Ca2.-transients in skinned skeletal muscle fibres. Pflügers Arch
432: 717–726.

                    Google Scholar 
                

	Ottensmeyer FP and Andrew JW (1980) High-resolution micro-analysis of biological specimens by electron energy-loss spec-troscopy and by electron spectroscopic imaging. J Ultrastruc Res
72: 336–348.

                    Google Scholar 
                

	Richter K (1994) A cryoglue to mount vitreous biological specimens for cryoultramicrotomy at 110 K. J Microsc
173: 143–147.

                    Google Scholar 
                

	Shirokova N and Rios E (1997) Small event Ca2. release: a probable precursor of Ca2. sparks in frog skeletal muscle. J Physiol
502: 3–11.

                    Google Scholar 
                

	Shuman H and Somlyo AP (1987) Electron energy loss analysis of near-trace-element concentrations of calcium. Ultramicr
21: 23–32.

                    Google Scholar 
                

	Shuman H, Somlyo AV and Somlyo AP (1976) Quantitative electron probe microanalysis of biological thin sections: methods and validity. Ultramicr
1: 317–339.

                    Google Scholar 
                

	Somlyo AV, Gonzalez-Serratos Y, Shuman H, McClellan Gand Somlyo AP (1981) Calcium release and ionic changes in the sarcoplasmic reticulum of tetanized muscle: an electron-probe study. J Cell Biol
90: 577–594.

                    Google Scholar 
                

	Stegmann H and Fink RHA (1999) A combined solution exchange/ plunge freezing device for skinned muscle fibers. J Muscle Res Cell Mot
20: 497–503.

                    Google Scholar 
                

	Swyt CR and Leapman RD (1982) Plural scattering in electron energy loss spectroscopy (EELS) microanalysis. Scan El Micr
1982/I: 73–82.

                    Google Scholar 
                

	Uttenweiler D, Weber C and Fink R (1998) Mathematical modelling and fluorescence imaging to study the Ca2. turnover in skinned muscle fibers. Biophys J
74: 1640–1653.

                    Google Scholar 
                

	Wagner J and Keizer J (1994) Eects of rapid buers on Ca2. diusion and Ca2. oscillations. Biophys J
67: 447–456.

                    Google Scholar 
                

	Warley A (1998) X-ray microanalysis for biologists. In: Glauert A (ed). Practical Methods in Electron Microscopy, Vol. 16. Portland Press, London.

                    Google Scholar 
                

	Yoshioka T and Somlyo AP (1984) Calcium and magnesium contents and volume of the terminal cisternae in caeine-treated skeletal muscle. J Cell Biol
99: 558–568.

                    Google Scholar 
                

	Zhao L, Wang Y, Ho R, Shao Z, Somlyo AV and Somlyo AP (1993) Thickness determination of biological thin sections by multiple-least-squares fitting of the carbon K-edge in the electron energy-loss spectrum. Ultramicr
48: 290–296.

                    Google Scholar 
                


Download references




Author information
Authors and Affiliations
	II. Physiologisches Institut, Universität Heidelberg, Im Neuenheimer Feld 326, 69120, Heidelberg, Germany
Heiko Stegmann & Rainer H.A. Fink

	Beiersdorf AG, ZA 2219, Troplowitzstr. 18, 20254, Hamburg, Germany
Roger Wepf

	Max-Planck-Institut für medizinische Forschung, Abteilung Biophysik, Jahnstr. 29, 69120, Heidelberg, Germany
Rasmus R. Schröder


Authors	Heiko StegmannView author publications
You can also search for this author in
                        PubMed Google Scholar



	Roger WepfView author publications
You can also search for this author in
                        PubMed Google Scholar



	Rasmus R. SchröderView author publications
You can also search for this author in
                        PubMed Google Scholar



	Rainer H.A. FinkView 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
Stegmann, H., Wepf, R., Schröder, R.R. et al. Quantification of total calcium in terminal cisternae of skinned muscle fibers by imaging electron energy-loss spectroscopy.
                    J Muscle Res Cell Motil 20, 505–515 (1999). https://doi.org/10.1023/A:1005522912044
Download citation
	Issue Date: August 1999

	DOI: https://doi.org/10.1023/A:1005522912044


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
                        


Keywords
	Image Series
	Skeletal Muscle Fiber
	Total Calcium
	Combine Solution
	Model Preparation








                    
                

            

            
                
                    

                    
                        
                            
    

                        

                    

                    
                        
                    


                    
                        
                            
                                
                            

                            
                                
                                    
                                        Access this article


                                        
                                            
                                                
                                                    
                                                        Log in via an institution
                                                        
                                                            
                                                        
                                                    
                                                

                                            
                                        

                                        
                                            
We’re sorry, something doesn't seem to be working properly.
 Please try refreshing the page. If that doesn't work, please contact support so we can address the problem.



                                        

                                        
                                            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
						
						
					


		
	
	
		
			
				
					
					52.91.103.49
				

				Not affiliated

			

		
	
	
		
			[image: Springer Nature]
		
	
	© 2024 Springer Nature




	






    