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                    Abstract
Nitric oxide (NO) is known for its role in the activation of plant defense responses. To examine the involvement and mode of action of NO in plant defense responses, we introduced calmodulin-dependent mammalian neuronal nitric oxide synthase (nNOS), which controls the CaMV35S promoter, into wild-type and NahG tobacco plants. Constitutive expression of nNOS led to NO production and triggered spontaneous induction of leaf lesions. Transgenic plants accumulated high amounts of H2O2, with catalase activity lower than that in the wild type. nNOS transgenic plants contained high levels of salicylic acid (SA), and they induced an array of SA-, jasmonic acid (JA)-, and/or ethylene (ET)-related genes. Consequently, NahG co-expression blocked the induction of systemic acquired resistance (SAR)-associated genes in transgenic plants, implying SA is involved in NO-mediated induction of SAR genes. The transgenic plants exhibited enhanced resistance to a spectrum of pathogens, including bacteria, fungi, and viruses. Our results suggest a highly ranked regulatory role for NO in SA-, JA-, and/or ET-dependent pathways that lead to disease resistance.



                    
    


                    
                        
                            
                                
                                    
                                        
                                    
                                    
                                        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: ]

                                
                                
                                    
                                        Exogenous strigolactone enhanced the drought tolerance of pepper (Capsicum chinense) by mitigating oxidative damage and altering the antioxidant mechanism
                                        
                                    

                                    
                                        Article
                                        
                                         26 March 2024
                                    

                                

                                Huangying Shu, Kaijing Xu, … Zhiwei Wang

                            
                        

                    
                        
                            
                                
                                    [image: ]

                                
                                
                                    
                                        Jasmonic acid: a key frontier in conferring abiotic stress tolerance in plants
                                        
                                    

                                    
                                        Article
                                        
                                         09 October 2020
                                    

                                

                                Ali Raza, Sidra Charagh, … Mirza Hasanuzzaman

                            
                        

                    
                        
                            
                                
                                    [image: ]

                                
                                
                                    
                                        Systemic Acquired Resistance (SAR) and Induced Systemic Resistance (ISR): Role and Mechanism of Action Against Phytopathogens
                                        
                                    

                                    
                                        Chapter
                                        
                                         © 2020
                                    

                                

                                
                            
                        

                    
                

            
        
            
        
    
                            
                        
                    

                    

                    

                    References
	Alvarez, M.E. (2000). Salicylic acid in the machinery of hypersensitive cell death and disease resistance. Plant Mol. Biol. 44, 429–442.
Article 
    PubMed 
    CAS 
    
                    Google Scholar 
                

	Asai, S., and Yoshioka, H. (2009). Nitric oxide as a partner of reactive oxygen species participates in disease resistance to necrotrophic pathogen Botrytis cinerea in Nicotiana benthamiana. Mol. Plant-Microbe Interact. 22, 619–629.
Article 
    PubMed 
    CAS 
    
                    Google Scholar 
                

	Barroso, J.B., Corpas, F.J., Carreras, A., Sandalio, L.M., Valderrama, R., Palma, J.M., Lupiáñez, J.A., and del Río, L.A. (1999). Localization of Nitric-oxide synthase in plant peroxisomes. J. Biol. Chem. 274, 36729–36733.
Article 
    PubMed 
    CAS 
    
                    Google Scholar 
                

	Baudoin, E. (2011). The language of nitric oxide signaling. Plant Biol. 13, 233–242.
Article 
    
                    Google Scholar 
                

	Beligni, M.V., and Lamattina, L. (2000). Nitric oxide stimulates seed germination and de-etiolation, and inhibits hypocotyl elongation, three light-inducible responses in plants. Planta 210, 215–221.
Article 
    PubMed 
    CAS 
    
                    Google Scholar 
                

	Beligni, M.V., Fath, A., Bethke, P.C., Lamattina, L., and Jones, R.L. (2002). Nitric oxide acts as an antioxidant and delays programmed cell death in barley aleurone layers. Plant Physiol. 129, 1642–1650.
Article 
    PubMed 
    CAS 
    
                    Google Scholar 
                

	Bredt, D.S., Hwang, P.M., Glatt, C.E., Lowenstein, C., Reed, R.R., and Snyder, S.H. (1991). Cloned and expressed nitric oxide synthase structurally resembles cytochrome P-450 reductase. Nature 351, 714–718.
Article 
    PubMed 
    CAS 
    
                    Google Scholar 
                

	Chen, Z., and Klessig, D.F. (1991). Identification of soluble salicylic acid-binding protein that may function in signal transduction in the plant disease-resistance response. Proc. Natl. Acad. Sci. USA 88, 8179–8183.
Article 
    PubMed 
    CAS 
    
                    Google Scholar 
                

	Clark, D., Durner, J., Navarre, D.A., and Klessig, D.F. (2000) Nitric oxide inhibition of tobacco catalase and ascorbate peroxidase. Mol. Plant-Microbe Interact. 13, 1380–1384.
Article 
    PubMed 
    CAS 
    
                    Google Scholar 
                

	Corpas, F.J., Palma, J.M., del Río, L.A., and Barroso, J.B. (2009). Evidence supporting the existence of L-arginine-dependent nitric oxide synthase activity in plants. New Phytol. 184, 9–14.
Article 
    PubMed 
    CAS 
    
                    Google Scholar 
                

	Crawford, N.M., Galli, M., Tischner, R., Heimer, Y.M., Okamoto, M., and Mack, A. (2006). Response to zemojtel et al: Plant nitric oxide synthase: back to square one. Trends Plant Sci. 11, 526–527.
Article 
    CAS 
    
                    Google Scholar 
                

	Dangl, J.L., Dietrich, R.A., and Richberg, M.H. (1996) Death don’t have no mercy: cell death programs in plant-microbe interaction. Plant Cell 8, 1793–1807.
PubMed 
    CAS 
    
                    Google Scholar 
                

	Delledonne, M., Xia, Y., Dixon, R.A., and Lamb, C. (1998). Nitric oxide signal functions in plant disease resistance. Nature 394, 585–588.
Article 
    PubMed 
    CAS 
    
                    Google Scholar 
                

	Delledonne, M., Zeier, J., Marocco, A., and Lamb, C. (2001). Signal interactions between nitric oxide and reactive oxygen intermediates in the plant hypersensitive disease resistance response. Proc. Natl. Acad. Sci. USA 98, 13454–13459.
Article 
    PubMed 
    CAS 
    
                    Google Scholar 
                

	Dietrich, R.A., Delaney, T.P., Uknes, S.J., Ward, E.R., Ryals, J.A., and Dangl, J.L. (1994). Arabidopsis mutants simulating disease resistance response. Cell 77, 565–577.
Article 
    PubMed 
    CAS 
    
                    Google Scholar 
                

	Dong, X. (1998). SA, JA, ethylene, and disease resistance in plants. Curr. Opin. Plant Biol. 1, 316–323.
Article 
    PubMed 
    CAS 
    
                    Google Scholar 
                

	Durner, J., and Klessig, D.F. (1995). Inhibition of ascorbate peroxidase by salicylic acid and 2,6-dichloroisonicotinic acid, two inducers of plant defense responses. Proc. Natl. Acad. Sci. USA 92, 11312–11316.
Article 
    PubMed 
    CAS 
    
                    Google Scholar 
                

	Durner, J., and Klessig, D.F. (1996). Salicylic acid is a modulator of tobacco and mammalian catalases. J. Biol. Chem. 271, 28492–28501.
Article 
    PubMed 
    CAS 
    
                    Google Scholar 
                

	Durner, J., and Klessig, D.F. (1999). Nitric oxide as signal in plants. Curr. Opin. Plant Biol. 2, 369–374.
Article 
    PubMed 
    CAS 
    
                    Google Scholar 
                

	Durner, J., Shah, J., and Klessig, D.F. (1997). Salicylic acid and disease resistance in plants. Trends Plant Sci. 2, 266–274.
Article 
    
                    Google Scholar 
                

	Durner, J., Wendehenne, D., and Klessig, D.F. (1998). Defense gene induction in tobacco by nitric oxide, cyclic GMP and cyclic ADP ribose. Proc. Natl. Acad. Sci. USA 95, 10328–10333.
Article 
    PubMed 
    CAS 
    
                    Google Scholar 
                

	Feechan, A., Kwon, E., Yun, B.W., Wang, Y., Pallas, J.A., and Loake, G.J. (2005). A central role for S-nitrosothiols in plant disease resistance. Proc. Natl. Acad. Sci. USA 102, 8054–8059.
Article 
    PubMed 
    CAS 
    
                    Google Scholar 
                

	Flores-Pérez, U., Sauret-Güeto, S., Gas, E., Jarvis, P., and Rodríguez-Concepción, M. (2008). A mutant impaired in the production of plastome-encoded proteins uncovers a mechanism for the homeostasis of isoprenoid biosynthetic enzymes in Arabi dopsis plastids. Plant Cell 20, 1303–1325.
Article 
    PubMed 
    
                    Google Scholar 
                

	Foissner, I., Wendehenne, D., Langebartels, C., and Durner, J. (2000). In vivo imaging of an elicitor-induced nitric oxide burst in tobacco. Plant J. 23, 817–824.
Article 
    PubMed 
    CAS 
    
                    Google Scholar 
                

	Guo, F.-Q., Okamoto, M., and Crawford, N.M. (2003). Identification of a plant nitric oxide synthase gene involved in hormonal signaling. Science 302, 100–103.
Article 
    PubMed 
    CAS 
    
                    Google Scholar 
                

	Gupta, K.J., Fernie, A.R., Kaiser, W.M., and van Dongen, J.T. (2011). On the origins of nitric oxide. Trends Plant Sci. 16, 160–168.
Article 
    PubMed 
    CAS 
    
                    Google Scholar 
                

	Hammond-Kosack, K.E., and Jones, J.D. (1996). Resistance genedependent plant defense responses. Plant Cell 8, 1773–1791.
PubMed 
    CAS 
    
                    Google Scholar 
                

	Horsch, R.B., Fry, J.E., Hoffmann, N.L., Eichholfz, D., Rogers, S.G., and Fraley, R.T. (1985). A simple and general method for transferring genes into plants. Science 227, 1229–1231.
Article 
    CAS 
    
                    Google Scholar 
                

	Huang, X., Stettmaier, K., Michel, C., Hutzler, P., Mueller, M.J., and Durner, J. (2004). Nitric oxide is induced by wounding and influences jasmonic acid signaling in Arabidopsis thaliana. Planta 218, 938–946.
Article 
    PubMed 
    CAS 
    
                    Google Scholar 
                

	Klessig, D.F., Durner, J., Noad, R., Navarre, D.A., Wendehenne, D., Kumar, D., Zhou, J.M., Shah, J., Zhang, S., Kachroo, P., et al. (2000). Nitric oxide and salicylic acid signaling in plant defense. Proc. Natl. Acad. Sci. USA 97, 8849–8855.
Article 
    PubMed 
    CAS 
    
                    Google Scholar 
                

	Kim, Y.S., Choi, D., Lee, M.M., Lee, S.H., and Kim, W.T. (1998). Biotic and abiotic stress-related expression of 1-aminocyclopropane-1-carboxylate oxidase gene family in Nicotiana glutinosa L. Plant Cell Physiol. 39, 565–573.
Article 
    PubMed 
    CAS 
    
                    Google Scholar 
                

	Leshem, Y.Y. (1996). Nitric oxide in biological systems. Plant Growth Regul. 18, 155–159.
Article 
    CAS 
    
                    Google Scholar 
                

	Leshem, Y.Y., Wills, R.B.H., and Ku, V.V.V. (1998). Evidence for the function of the free radical gas, nitric oxide (NO), as an endogenous maturation and senescence regulating factor in higher plants. Plant Physiol. Biochem. 36, 825–833.
Article 
    CAS 
    
                    Google Scholar 
                

	Lozano-Juste, J., and Leon, J. (2010). Enhanced abscisic acidmediated responses in nia1nia2noa1-2 triple mutant impaired in NIA/NR-and AtNOA1-dependent nitric oxide biosynthesis in Arabidopsis. Plant Physiol. 152, 891–903.
Article 
    PubMed 
    CAS 
    
                    Google Scholar 
                

	Marletta, M.A. (1994) Nitric oxide synthase: aspects concerning structure and catalysis. Cell 78, 927–930.
Article 
    PubMed 
    CAS 
    
                    Google Scholar 
                

	Meuwly, P., and Métraux, J.P. (1993). Ortho-anisic acid as internal standard for the simultaneous quantitation of salicylic acid and its putative biosynthetic precursors in cucumber leaves. Anal. Biochem. 214, 500–505.
Article 
    PubMed 
    CAS 
    
                    Google Scholar 
                

	Moreau, M., Lee, G.I., Wang, Y., Crane, B.R., and Klessig, D.F. (2008) AtNOS/A1 is a functional Arabidopsis thaliana cGTPase and not a nitric oxide synthase. J. Biol. Chem. 283, 32957–32967.
Article 
    PubMed 
    CAS 
    
                    Google Scholar 
                

	Ohme-Takagi, M., and Shinshi, H. (1995). Ethylene-inducible DNA binding proteins that interact with an ethylene-responsive element. Plant Cell 7, 173–182.
PubMed 
    CAS 
    
                    Google Scholar 
                

	Park, C.Y., Heo, W.D., Yoo, J.H., Lee, J.H., Kim, M.C., Chun, H.J., Moon, B.C., Kim, I.H., Park, H.C., Choi, M.S., et al. (2004). Pathogenesis-related gene expression by specific calmodulin isoforms is dependent on NIM1, a key regulator of systemic acquired resistance. Mol. Cells 18, 207–213.
PubMed 
    CAS 
    
                    Google Scholar 
                

	Planchet, E., and Kaiser, W.M. (2006). Nitric oxide production in plants. Plant Signal. Behav. 1, 46–51.
Article 
    PubMed 
    
                    Google Scholar 
                

	Rao, M.V., Paliyath, G., Ormrod, D.P., Murr, D.P., and Watkins, C.B. (1997). Influence of salicylic acid on H2O2 production, oxidative stress, and H2O2-metabolizing enzymes. Plant Physiol. 115, 137–149.
Article 
    PubMed 
    CAS 
    
                    Google Scholar 
                

	Ryals, J.A., Neuenschwander, U.H., Willits, M.G., Molina, A., Stener, H.Y., and Hunt, M.D. (1996). Systemic acquired resistance. Plant Cell 8, 1809–1819.
PubMed 
    CAS 
    
                    Google Scholar 
                

	Schmidt, H.H., and Walter, U. (1994). NO at work. Cell 78, 919–925.
Article 
    PubMed 
    CAS 
    
                    Google Scholar 
                

	Song, F., and Goodman, R.M. (2001). Activity of nitric oxide is dependent on, but is partially required for function of, salicylic acid in the signaling pathway in tobacco systemic acquired resistance. Mol. Plant-Microbe Interact. 14, 1458–1462.
Article 
    PubMed 
    CAS 
    
                    Google Scholar 
                

	Spadaro, D., Yun, B.W., Spoel, S.H., Chu, C.C., Wang, Y.Q., and Loake, G.J. (2010). The redox switch: dynamic regulation of protein function by cysteine modifications. Physiol. Plant 138, 360–371.
Article 
    PubMed 
    CAS 
    
                    Google Scholar 
                

	Sudhamsu, J., Lee, G.I., Klessig, D.F., and Crane, B.R. (2008). The structure of YqeH: an AtNOS1/AtNOA1 ortholog that couples GTP hydrolysis to molecular recognition. J. Biol. Chem. 283, 32968–32978.
Article 
    PubMed 
    CAS 
    
                    Google Scholar 
                

	Tada, Y., Spoel, S.H., Pajerowska-Mukhtar, K., Mou, Z., Song, J., Wang, C., Zuo, J., and Dong, X. (2008). Plant immunity requires conformational changes of NPR1 via S-nitrosylation and thioredoxins. Science 321, 952–956.
Article 
    PubMed 
    CAS 
    
                    Google Scholar 
                

	Thomma, B.P.H.J., Penninckx, I.A.M.A., Broekaert, W.F., and Cammue, B.P.A. (2001). The complexity of disease signaling in Arabidopsis. Curr. Opin. Immunol. 13, 63–68.
Article 
    PubMed 
    CAS 
    
                    Google Scholar 
                

	Thordal-Christensen, H., Zhang, Z., Wei, Y., and Collinge, D.B. (1997). Subcellular localization of H2O2 in plants: H2O2 accumulation in papillae and hypersensitive response during the barley powdery mildew interaction. Plant J. 11, 1187–1194.
Article 
    CAS 
    
                    Google Scholar 
                

	Tun, N.N., Holk, A., and Scherer, G.F.E. (2001). Rapid increase of NO release in plant cell cultures induced by cytokinin. FEBS Lett. 509, 174–176.
Article 
    PubMed 
    CAS 
    
                    Google Scholar 
                

	Van Camp, W., Van Montagu. M., and Inzé, D. (1998). H2O2 and NO: redox signals in disease resistance. Trends Plant Sci. 3, 330–334.
Article 
    
                    Google Scholar 
                

	Van Ree, K., Gehl, B., Chehab, E.W., Tsai, Y.C., and Braam, J. (2011). Nitric oxide accumulation in Arabidopsis is independent of NOA1 in the presence of sucrose. Plant J. 68, 225–233.
Article 
    PubMed 
    
                    Google Scholar 
                

	Wendehenne, D., Pugin, A., Klessig, D.F., and Durner, J. (2001). Nitric oxide: comparative synthesis and signaling in animal and plant cells. Trends Plant Sci. 6, 177–183.
Article 
    PubMed 
    CAS 
    
                    Google Scholar 
                

	Yoshioka, H., Bouteau, F., and Kawano, T. (2008). Discovery of oxidative burst in the field of plant immunity. Plant Signal. Behav. 3, 153–155.
Article 
    PubMed 
    
                    Google Scholar 
                

	Yoshioka, H., Mase, K., Yoshioka, M., Kobayashi, M., and Asai, S. (2011). Regulatory mechanisms of nitric oxide and reactive oxygen species generation and their role in plant immunity. Nitric Oxide 25, 216–221.
Article 
    PubMed 
    CAS 
    
                    Google Scholar 
                

	Yu, M., Yun, B.W., Spoel, S.H., and Loake, G.J. (2012). A sleigh ride through the SNO: regulation of plant immune function by protein S-nitrosylation. Curr. Opin. Plant Biol. 15, 1–7.
Article 
    
                    Google Scholar 
                

	Yun, B.W., Spoel, S.H., and Loake, G.J. (2012). Synthesis of and signaling by small, redox active molecules in the plant immune response. Biochim. Biophys. Acta 1820, 770–776.
Article 
    PubMed 
    CAS 
    
                    Google Scholar 
                

	Zemojtel, T., Frohlich, A., Palmieri, M.C., Kolanczyk, M., Mikula, I., Wyrwicz, L.S., Wanker, E.E., Mundlos, S., Vingron, M., Martasek, P., and Durner, J. (2006). Plant nitric oxide synthase: A never-ending story? Trends Plant Sci. 11, 524–525.
Article 
    PubMed 
    CAS 
    
                    Google Scholar 
                

	Zottini, M., Costa, A., De Michele, R., Ruzzene, M., Carimi, F., and Lo Schiavo, F. (2007). Salicylic acid activates nitric oxide synthesis in Arabidopsis. J. Exp. Bot. 58, 1397–1405.
Article 
    PubMed 
    CAS 
    
                    Google Scholar 
                


Download references




Author information
Authors and Affiliations
	Division of Applied Life Science (Brain Korea 21 Program), Plant Molecular Biology and Biotechnology Research Center, Gyeongsang National University, Jinju, 660-701, Korea
Hyun Jin Chun, Hyeong Cheol Park, Ju Huck Lee, Chan Young Park, Chang Ho Kang, Dongwon Baek, Dae-Jin Yun, Woo Sik Chung, Moo Je Cho & Min Chul Kim

	National Institute of Crop Science, Rural Development Administration, Suwon, 441-857, Korea
Sung Cheol Koo & Man Soo Choi

	Department of Bio-Environmental Science, Sunchon National University, Sunchon, 550-742, Korea
Yong Hwa Cheong


Authors	Hyun Jin ChunView author publications
You can also search for this author in
                        PubMed Google Scholar



	Hyeong Cheol ParkView author publications
You can also search for this author in
                        PubMed Google Scholar



	Sung Cheol KooView author publications
You can also search for this author in
                        PubMed Google Scholar



	Ju Huck LeeView author publications
You can also search for this author in
                        PubMed Google Scholar



	Chan Young ParkView author publications
You can also search for this author in
                        PubMed Google Scholar



	Man Soo ChoiView author publications
You can also search for this author in
                        PubMed Google Scholar



	Chang Ho KangView author publications
You can also search for this author in
                        PubMed Google Scholar



	Dongwon BaekView author publications
You can also search for this author in
                        PubMed Google Scholar



	Yong Hwa CheongView author publications
You can also search for this author in
                        PubMed Google Scholar



	Dae-Jin YunView author publications
You can also search for this author in
                        PubMed Google Scholar



	Woo Sik ChungView author publications
You can also search for this author in
                        PubMed Google Scholar



	Moo Je ChoView author publications
You can also search for this author in
                        PubMed Google Scholar



	Min Chul KimView author publications
You can also search for this author in
                        PubMed Google Scholar





Corresponding author
Correspondence to
                Min Chul Kim.


Additional information
These authors contributed equally to this work.


About this article
Cite this article
Chun, H.J., Park, H.C., Koo, S.C. et al. Constitutive expression of mammalian nitric oxide synthase in tobacco plants triggers disease resistance to pathogens.
                    Mol Cells 34, 463–471 (2012). https://doi.org/10.1007/s10059-012-0213-0
Download citation
	Received: 20 August 2012

	Revised: 26 September 2012

	Accepted: 09 October 2012

	Published: 31 October 2012

	Issue Date: November 2012

	DOI: https://doi.org/10.1007/s10059-012-0213-0


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
	nitric oxide (NO)
	nitric oxide synthase (NOS)
	plant defense signaling
	reactive oxygen species
	salicylic acid








                    
                

            

            
                
                    

                    
                        
                            
    

                        

                    

                    
                        
                    


                    
                        
                            
                                
                            

                            
                                
                                    
                                        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
						
						
					


		
	
	
		
			
				
					
					54.158.15.130
				

				Not affiliated

			

		
	
	
		
			[image: Springer Nature]
		
	
	© 2024 Springer Nature




	






    