
        
    
        
            
            
                
            

            
        
    

        
    
        
            
            
                
            

            
        
    


        
    




        

        
    Skip to main content

    

    
    
        
            
                
                    
                        [image: SpringerLink]
                    
                
            
        


        
            
                
    
        Log in
    


            
        
    


    
        
            
                
                    
                        
                            
                        Menu
                    
                


                
                    
                        
                            Find a journal
                        
                    
                        
                            Publish with us
                        
                    
                        
                            Track your research
                        
                    
                


                
                    
                        
                            
                                
                                    
                                Search
                            
                        

                    
                    
                        
 
  
   
  Cart
 


                    
                

            

        
    




    
        
    
        
            
                
                    
    
        
            	
                        Home




	
                        Russian Journal of Bioorganic Chemistry

	
                        Article

Polysaccharides of Calcareous Algae and Their Effect on the Calcification Process


                    	
                            Published: January 2001
                        


                    	
                            Volume 27, pages 2–16, (2001)
                        
	
                            Cite this article
                        



                    
                        
                        
                    

                
                
                    
                        
                            
                            
                                
                                [image: ]
                            
                            Russian Journal of Bioorganic Chemistry
                        
                        
                            
                                Aims and scope
                                
                            
                        
                        
                            
                                Submit manuscript
                                
                            
                        
                    
                

            
        
    


        
            
                

                

                
                    
                        	M. I. Bilan1 & 
	A. I. Usov1 


                        
    

                        
                            

                        

                        
    
    

    
    


                        
                    
                


                
                    Abstract
The composition and structure of polysaccharides from several groups of calcareous algae (including calcareous cyanobacteria), which differ in the calcification mode (extracellular, cell wall, or intracellular), are reviewed. Two families of marine algae, Corallinaceae (Rhodophyta) and Coccolithophoraceae (Prymnesiophyta = Haptophyta), are considered in detail; they exhibit the cell wall and intracellular calcification modes, respectively, and synthesize unusual polysaccharides that seem to directly participate in the calcification process.



                    
    


                    
                        
                            
                                
                                    
                                        
                                    
                                    
                                        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: ]

                                
                                
                                    
                                        Calcification
                                        
                                    

                                    
                                        Chapter
                                        
                                         © 2016
                                    

                                

                                
                            
                        

                    
                        
                            
                                
                                    [image: ]

                                
                                
                                    
                                        Cell Wall Polysaccharides of Marine Algae
                                        
                                    

                                    
                                        Chapter
                                        
                                         © 2015
                                    

                                

                                
                            
                        

                    
                        
                            
                                
                                    [image: ]

                                
                                
                                    
                                        Involvement of Acidic Polysaccharide Ph-PS-2 and Protein in Initiation of Coccolith Mineralization, as Demonstrated by In Vitro Calcification on the Base Plate
                                        
                                    

                                    
                                        Article
                                        
                                         04 April 2018
                                    

                                

                                Shunto Sakurada, Shoko Fujiwara, … Mikio Tsuzuki

                            
                        

                    
                

            
        
            
        
    
                            
                        
                    

                    

                    

                    REFERENCES
	Lowenstam, H.A. and Weiner, S., Biomineralization and Biological Metal Accumulation, Westbroek, P. and de Jong, E.W., Eds., Dordrecht: Reidel, 1983, pp. 191-203.

                    Google Scholar 
                

	Borowitzka, M.A., Oceanogr. Mar. Biol. Annu. Rev., 1977, vol. 15, pp. 189-223.

                    Google Scholar 
                

	Medacovic, D., Popovic, S., Zavodnik, N., Grzeta, B., and Plazonic, M., Mar. Biol., 1995, vol. 122, pp. 479-485.

                    Google Scholar 
                

	Okazaki, M. and Furuya, K., Abstracts of Papers, 3 Int. Symp. Mech. Biomineralizat. the Invertebr. Plant, Kashikojima, Japan, 1977.

	Lucas, W.J., Plant Physiol., 1979, vol. 63, pp. 248-254.

                    Google Scholar 
                

	Nimer, N.A. and Merret, M.J., New Phytol., 1993, vol. 123, pp. 673-677.

                    Google Scholar 
                

	Addadi, L. and Weiner, S., Angew. Chem., Int. Ed. Engl., 1992, vol. 31, pp. 153-169.

                    Google Scholar 
                

	Borowitzka, M.A., Int. Rev. Cytol., 1982, vol. 74, pp. 127-162.

                    Google Scholar 
                

	Boehm, E.L., Bull. Mar. Sci., 1973, vol. 23, pp. 177-190.

                    Google Scholar 
                

	Borowitzka, M.A. and Larkum, A.W.D., J. Phycol., 1977, vol. 13, pp. 6-16.

                    Google Scholar 
                

	Nakahara, H. and Bevelander, G., Jpn. J. Phycol., 1978, vol. 26, pp. 9-12.

                    Google Scholar 
                

	Boehm, E.L., Int. Rev. Gesamten Hydrobiol., 1973, vol. 58, pp. 117-126.

                    Google Scholar 
                

	Boehm, E.L. and Goreau, T.F., Int. Rev. Gesamten Hydrobiol., 1973, vol. 58, pp. 723-740.

                    Google Scholar 
                

	Jensen, P.R., Gibson, R.A., Littler, M.M., and Littler, D.S., Deep-Sea Res., Part A, 1985, vol. 32(4A), pp. 451-464.

                    Google Scholar 
                

	Okazaki, M., Ichikawa, K., and Furuya, K., Bot. Mar., 1982, vol. 25, pp. 511-517.

                    Google Scholar 
                

	Usov, A.I. and Dobkina, I.M., Bioorg. Khim., 1991, vol. 17, pp. 1051-1058.

                    Google Scholar 
                

	Usov, A.I., Yarotskii, S.V., and Esteves, M.L., Bioorg. Khim., 1981, vol. 7, pp. 1261-1270.

                    Google Scholar 
                

	Usov, A.I. and Yarotskii, S.V., Bioorg. Khim., 1975, vol. 1, pp. 919-922.

                    Google Scholar 
                

	Matulevich, M.C. and Cereso, A.S., Carbohydr. Polymers, 1987, vol. 7, pp. 121-132.

                    Google Scholar 
                

	Zetsche, K., Planta, 1967, vol. 76, pp. 326-334.

                    Google Scholar 
                

	Percival, E. and Smestad, B., Carbohydr. Res., 1972, vol. 25, pp. 299-304.

                    Google Scholar 
                

	Bourne, E.J., Percival, E., and Smestad, B., Carbohydr. Res., 1972, vol. 22, pp. 75-82.

                    Google Scholar 
                

	Herth, W., Kuppel, A., and Franke, W.W., J. Ultrastruct. Res., 1975, vol. 50, pp. 289-292.

                    Google Scholar 
                

	Pentecost, A. and Riding, R., Biomineralization in Lower Plants and Animals, Leadbeater, B.S.C. and Reading, R., Eds., Oxford: Clarendon, 1986, pp. 73-90.

                    Google Scholar 
                

	Pratt, B.R., J. Sediment. Petrol., 1984, vol. 54, pp. 948-971.

                    Google Scholar 
                

	Golubic, S. and Focke, J.W., J. Sediment. Petrol., 1978, vol. 48, pp. 751-764.

                    Google Scholar 
                

	Chafetz, H.S., Biostab. Sediments, 1994, pp. 149-163.

	Schneider, J. and Campion-Alsumard, T., Eur. J. Phycol., 1999, vol. 34, pp. 417-426.

                    Google Scholar 
                

	Verrecchia, E.P., Freytet, P., Verrecchia, K.E., and Dumont, J.-L., J. Sediment. Res., Sect. A, 1995, vol. 65, pp. 690-700.

                    Google Scholar 
                

	Arp, G., Reimer, A., and Reitner, J., Eur. J. Phycol., 1999, vol. 34, pp. 393-403.

                    Google Scholar 
                

	Bertocchi, C., Navarini, L., Cesaro, A., and Anastasio, M., Carbohydr. Polym., 1990, vol. 12, pp. 127-153.

                    Google Scholar 
                

	Singh, R.N., Proc. European Congr. Electron Microscopy, Ghent, Vandermeerssche, Brussels, 1954.

	Leak, L.V., J. Ultrastruct. Res., 1967, vol. 21, pp. 61-74.

                    Google Scholar 
                

	Somers, G.F. and Brown, M., Estuaries, 1978, vol. 1, pp. 17-28.

                    Google Scholar 
                

	Adhikary, S.P., Weckesser, J., Jurgens, U.J., Golecki, J.R., and Borowiak, D., J. Gen. Microbiol., 1986, vol. 132, pp. 2595-2599.

                    Google Scholar 
                

	Weckesser, J., Broll, C., Adhikary, S.P., and Jurgens, U.J., Arch. Microbiol., 1987, vol. 147, pp. 300-303.

                    Google Scholar 
                

	Tease, B.E. and Walker, R.W., J. Gen. Microbiol., 1987, vol. 133, pp. 3331-3339.

                    Google Scholar 
                

	Schneider, S., Golecki, J.R., Weckesser, J., and Jurgens, U.J., Proc. VI Int. Symp. Photosynthetic Procaryotes, Noorwijkerhout, the Netherlands, 1988.

	Dunn, J.H. and Wolk, C.P., J. Bacteriol., 1970, vol. 103, pp. 153-158.

                    Google Scholar 
                

	Schrader, M., Drews, G., Golecki, J.R., and Weckesser, J., J. Gen. Microbiol., 1982, vol. 128, pp. 267-272.

                    Google Scholar 
                

	Pritzer, M., Weckesser, J., Golecki, J.R., and Jurgens, U.J., Proc. VI Int. Symp. Photosynthetic Procaryotes, Noorwijkerhout, the Netherlands, 1988.

	Schneider, S. and Jurgens, U.J., Arch. Microbiol., 1991, vol. 156, pp. 312-318.

                    Google Scholar 
                

	Weckesser, J., Hofmann, K., Jurgens, U.J., Whitton, B.A., and Raffelsberger, B., J. Gen. Microbiol., 1988, vol. 134, pp. 629-634.

                    Google Scholar 
                

	Tease, B.E., Jurgens, U.J., and Weckesser, J., Proc. VI Int. Symp. Photosynthetic Procaryotes, Noorwijkerhout, the Netherlands, 1988.

	Hoiczyk, E., J. Bacteriol., 1998, vol. 180, pp. 3923-3932.

                    Google Scholar 
                

	Campion-Alsumard, T., Oceanol. Acta, 1979, vol. 2, pp. 143-156.

                    Google Scholar 
                

	Girardelli, L.A., Bot. Mar., 1998, vol. 41, pp. 367-373.

                    Google Scholar 
                

	Cabioch, J. and Giraud, G., Biomineralization in Lower Plants and Animals, Leadbeater, B.S.C. and Reading, R., Eds., Oxford: Clarendon, 1986, pp. 141-156.

                    Google Scholar 
                

	Borowitzka, M.A. and Vesk, M., Mar. Biol., 1978, vol. 46, pp. 295-304.

                    Google Scholar 
                

	Painter, T.J., The Polysaccharides, vol. 2, Aspinal, G.O., Ed., New York: Academic, 1983, pp. 195-285.

                    Google Scholar 
                

	Craigie, J.S., Biology of the Red Algae, Cole, K.M. and Sheath, R.G., Eds., Cambridge: Cambridge Univ., 1990, pp. 221-257.

                    Google Scholar 
                

	Turvey, J.R. and Simpson, P.R., Proc. Int. Seaweed Symp., 1966, vol. 5, pp. 323-328.

                    Google Scholar 
                

	Cases, M.R., Stortz, C.A., and Cerezo, A.S., Phytochemistry, 1992, vol. 31, pp. 3897-3900.

                    Google Scholar 
                

	Cases, M.R., Stortz, C.A., and Cerezo, A.S., Int. J. Biol. Macromol., 1994, vol. 16, pp. 93-97.

                    Google Scholar 
                

	Usov, A.I., Bilan, M.I., and Klochkova, N.G., Bot. Mar., 1995, vol. 38, pp. 43-51.

                    Google Scholar 
                

	Usov, A.I. and Bilan, M.I., Bioorg. Khim., 1996, vol. 22, pp. 126-133.

                    Google Scholar 
                

	Bilan, M.I., Chemical Structure of Polysaccharides from Calcareous Red Algae of the Corallinaceae Family (Rhodophyta), Cand. Sci. (Chem.) Dissertation, Moscow: Zelinsky Inst. of Organic Chemistry, 2000.

                    Google Scholar 
                

	Usov, A.I., Bilan, M.I., and Shashkov, A.S., Carbohydr. Res., 1997, vol. 303, pp. 93-102.

                    Google Scholar 
                

	Usov, A.I. and Bilan, M.I., Bioorg. Khim., 1998, vol. 24, pp. 139-146.

                    Google Scholar 
                

	Takano, R., Hayashi, J., Hayashi, K., Hara, S., and Hirase, S., Bot. Mar., 1996, vol. 39, pp. 95-102.

                    Google Scholar 
                

	Misonou, T., Okazaki, M., Furuya, K., and Nisizawa, K., Jap. J. Phycol., 1980, vol. 28, pp. 105-112.

                    Google Scholar 
                

	Okazaki, M., Furuya, K., Tsukayama, K., and Nisizawa, K., Bot. Mar., 1982, vol. 25, pp. 123-131.

                    Google Scholar 
                

	Stanford, E.C.C., Chemical News, 1883, vol. 1, June, pp. 254-257.

	Linker, A. and Jones, R.S., Nature, 1964, vol. 204, pp. 187-188.

                    Google Scholar 
                

	Cohen, G.H. and Johnstone, D.B., J. Bacteriol., 1964, vol. 88, pp. 329-338.

                    Google Scholar 
                

	Rees, D.A. and Welsh, E.J., Angew. Chem., Int. Ed. Engl., 1977, vol. 16, pp. 214-224.

                    Google Scholar 
                

	Okazaki, M., Shiroto, C., and Furuya, K., Jpn. J. Phycol., 1984, vol. 32, pp. 364-372, Chem. Abstr., 1985, vol. 103, ref. no. 51385.

                    Google Scholar 
                

	Somers, J.A., Tait, M.I., Long, W.F., and Williamson, F.B., Hydrobiologia, 1990, vol. 204/205, pp. 491-497.

                    Google Scholar 
                

	Somers, J.A., Long, W.F., and Williamson, F.B., Biochem. Soc. Trans., 1992, vol. 20(1), p. 5S.

                    Google Scholar 
                

	Borman, A.H., de Jong, E.W., Huizinga, M., Kok, D.J., Westbroek, P., and Bosch, L., Eur. J. Biochem., 1982, vol. 129, pp. 179-183.

                    Google Scholar 
                

	Littler, M.M. and Littler, D.S., Science, 1995, vol. 267, pp. 1356-1360.

                    Google Scholar 
                

	James, N.P., Wray, J.L., and Ginsburg, R.N., J. Sediment. Petrol., 1988, vol. 58, pp. 291-303.

                    Google Scholar 
                

	Flajs, G., Paleontographica, 1977, vol. 160, pp. 69-128.

                    Google Scholar 
                

	Franke, W.W. and Brown, R.M., Arch. Microbiol., 1971, vol. 77, pp. 12-19.

                    Google Scholar 
                

	Faber, W.W. and Preisig, H.R., Protoplasma, 1994, vol. 181, pp. 78-105.

                    Google Scholar 
                

	Brown, R.M. and Romanovicz, D.K., Appl. Polym. Symp., 1976, vol. 28, pp. 537-585.

                    Google Scholar 
                

	van der Wal, P., de Jong, E.W., Westbroek, P., de Bruijn, W.C., and Mulder-Stapel, A.A., J. Ultrastruct. Res., 1983, vol. 85, pp. 139-158.

                    Google Scholar 
                

	Marsh, M.E., Chang, D.-K., and King, G.C., J. Biol. Chem., 1992, vol. 267, pp. 20 507-20 512.

                    Google Scholar 
                

	de Vrind-de Jong, E.W., Borman, A.H., Thierry, R., Westbroek, P., Gruter, M., and Kamerling, J.P., Biomineralization in Lower Plants and Animals, Leadbeater, B.S.C. and Reading, R., Eds., Oxford: Clarendon, 1986, pp. 205-217.

                    Google Scholar 
                

	Marsh, M.E., Protoplasma, 1994, vol. 177, pp. 108-122.

                    Google Scholar 
                

	Marsh, M.E., Protoplasma, 1996, vol. 190, pp. 181-188.

                    Google Scholar 
                

	Marsh, M.E. and Dickinson, D.P., Protoplasma, 1997, vol. 199, pp. 9-17.

                    Google Scholar 
                

	Okazaki, M., Sato, T., Mutho, N., Wada, N., and Umegaki, T., J. Mar. Biotechnol., 1998, vol. 6, pp. 16-22.

                    Google Scholar 
                

	Brown, R.M.J., Franke, W.W., Kleining, H., Falk, H., and Sitte, P., Science, 1969, vol. 166, pp. 894-896.

                    Google Scholar 
                

	Brown, R.M.J., Franke, W.W., Kleining, H., Falk, H., and Sitte, P., J. Cell Biol., 1970, vol. 45, pp. 246-271.

                    Google Scholar 
                

	Herth, W., Franke, W.W., Stadler, J., Bittiger, H., Keilich, G., and Brown, R.M.J., Planta, 1972, vol. 105, pp. 79-92.

                    Google Scholar 
                

	Romanovicz, D.K. and Brown, R.M.J., Appl. Polym. Symp., 1976, vol. 28, pp. 587-610.

                    Google Scholar 
                

	Allen, D.M. and Northcote, D.H., Protoplasma, 1975, vol. 83, pp. 389-412.

                    Google Scholar 
                

	Westbroek, P., de Jong, E.W., van der Wall, P., Borman, A.H., de Vrind, J.P.M., van Emburg, P.E., and Bosch, L., Ecol. Bull., 1983, vol. 35, pp. 291-299.

                    Google Scholar 
                

	Klaveness, D., Protistologica, 1972, vol. 8, pp. 335-346.

                    Google Scholar 
                

	Klaveness, D., Protistologica, 1976, vol. 12, pp. 217-224.

                    Google Scholar 
                

	de Jong, E.W., Bosch, L., and Westbroek, P., Eur. J. Biochem., 1976, vol. 70, pp. 611-621.

                    Google Scholar 
                

	Fichtinger-Schepman, A.M.J., Kamerling, J.P., Vliegenthart, J.F.G., de Jong, E.W., Bosch, L., and Westbroek, P., Carbohydr. Res., 1979, vol. 69, pp. 181-189.

                    Google Scholar 
                

	Fichtinger-Schepman, A.M.J., Kamerling, J.P., Versluis, C., and Vliegenthart, J.F.G., Carbohydr. Res., 1980, vol. 86, pp. 215-225.

                    Google Scholar 
                

	Fichtinger-Schepman, A.M.J., Kamerling, J.P., Versluis, C., and Vliegenthart, J.F.G., Carbohydr. Res., 1981, vol. 93, pp. 105-123.

                    Google Scholar 
                

	Borman, A.H., de Jong, E.W., Thierry, R., Westbroek, P., Bosch, L., Gruter, M., and Kamerling, J.P., J. Phycol., 1987, vol. 23, pp. 118-123.

                    Google Scholar 
                

	Smetana, K.J., Stol, M., Novak, M., and Danes, J., Biomaterials, 1996, vol. 17, pp. 1563-1566.

                    Google Scholar 
                

	Kok, D.J., Blomen, L.J., Westbroek, P., and Bijvoet, O.L., Eur. J. Biochem., 1986, vol. 158, pp. 167-172.

                    Google Scholar 
                

	Westbroek, P., de Jong, E.W., van der Wal, P., Borman, A.H., de Vrind, J.P.M., Kok, D., de Bruijn, W.C., and Parker, S.B., Phylos. Trans. R. Soc. London, Ser. B, 1984, vol. 304, pp. 435-444.

                    Google Scholar 
                

	Sekino, K. and Shiraiwa, Y., Plant Cell. Physiol., 1996, vol. 37, pp. 1031-1033.

                    Google Scholar 
                

	Van Bleijswijk, J.D.L., Kempers, R.S., Veldhuis, M.J., and Westbroek, P., J. Phycol., 1994, vol. 30, pp. 230-241.

                    Google Scholar 
                

	Paasche, E. and Klavenes, D., Arch. Microbiol., 1970, vol. 73, pp. 143-152.

                    Google Scholar 
                

	de Jong, E.W., van Rens, L., Westbroek, P., and Bosch, L., Eur. J. Biochem., 1979, vol. 99, pp. 559-567.

                    Google Scholar 
                

	Wada, N., Okazaki, M., and Tachikawa, S., J. Cryst. Growth, 1993, vol. 132, pp. 115-121.

                    Google Scholar 
                

	Addadi, L., Moradian, J., Shay, E., Maroudas, N.G., and Weiner, S., Proc. Natl. Acad. Sci. USA, 1987, vol. 84, pp. 2732-2736.

                    Google Scholar 
                

	Borowitzka, M.A., Plant Cell Environ., 1984, vol. 7, pp. 457-466.

                    Google Scholar 
                


Download references




Author information
Authors and Affiliations
	Zelinsky Institute of Organic Chemistry, Russian Academy of Sciences, Leninskii pr. 47, GSP-1, Moscow, 117913, Russia
M. I. Bilan & A. I. Usov


Authors	M. I. BilanView author publications
You can also search for this author in
                        PubMed Google Scholar



	A. I. UsovView 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
Bilan, M.I., Usov, A.I. Polysaccharides of Calcareous Algae and Their Effect on the Calcification Process.
                    Russian Journal of Bioorganic Chemistry 27, 2–16 (2001). https://doi.org/10.1023/A:1009584516443
Download citation
	Issue Date: January 2001

	DOI: https://doi.org/10.1023/A:1009584516443


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
                        


	calcareous algae
	calcification
	Coccolithophoraceae
	Corallinaceae
	polysaccharides








                    
                

            

            
                
                    

                    
                        
                            
    

                        

                    

                    
                        
                    


                    
                        
                            
                                
                            

                            
                                
                                    
                                        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
						
						
					


		
	
	
		
			
				
					
					54.196.142.0
				

				Not affiliated

			

		
	
	
		
			[image: Springer Nature]
		
	
	© 2024 Springer Nature




	






    