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            Abstract
The folding of many newly synthesized proteins in the cell depends on a set of conserved proteins known as molecular chaperones. These prevent the formation of misfolded protein structures, both under normal conditions and when cells are exposed to stresses such as high temperature. Significant progress has been made in the understanding of the ATP-dependent mechanisms used by the Hsp70 and chaperonin families of molecular chaperones, which can cooperate to assist in folding new polypeptide chains.




            
                
                    

    
        
            
                
                Access through your institution
            
        

        
            
                
                    Buy or subscribe
                
            

        
    



                
            


            
                
                    
                

            

            
                
                
                
                
                    
                        This is a preview of subscription content, access via your institution

                    

                    
                

                

                Access options

                


                
                    
                        
                            

    
        
            
                
                Access through your institution
            
        

        
    



                        

                        

    
        
        

        
        
            
                
                Access through your institution
            
        

        
            
                Change institution
            
        

        
        
            
                Buy or subscribe
            
        

        
    



                    
                

                
    
    Subscribe to this journal
Receive 51 print issues and online access
$199.00 per year
only $3.90 per issue

Learn more


Rent or buy this article
Prices vary by article type
from$1.95
to$39.95
Learn more


Prices may be subject to local taxes which are calculated during checkout



  

    
    
        
    Additional access options:

    	
            Log in
        
	
            Learn about institutional subscriptions
        
	
            Read our FAQs
        
	
            Contact customer support
        



    

                
                    
                


                
                    
                        
        
            
                Similar content being viewed by others

                
                    
                        
                            
                                
                                    [image: ]

                                
                                
                                    
                                        Bridging structural and cell biology with cryo-electron microscopy
                                        
                                    

                                    
                                        Article
                                        
                                         03 April 2024
                                    

                                

                                Eva Nogales & Julia Mahamid

                            
                        

                    
                        
                            
                                
                                    [image: ]

                                
                                
                                    
                                        Proteome-scale discovery of protein degradation and stabilization effectors
                                        
                                    

                                    
                                        Article
                                        
                                         20 March 2024
                                    

                                

                                Juline Poirson, Hanna Cho, â€¦ Mikko Taipale

                            
                        

                    
                        
                            
                                
                                    [image: ]

                                
                                
                                    
                                        The HEAT repeat protein HPO-27 is a lysosome fission factor
                                        
                                    

                                    
                                        Article
                                        
                                         27 March 2024
                                    

                                

                                Letao Li, Xilu Liu, â€¦ Xiaochen Wang

                            
                        

                    
                

            
        
            
        
    
                    
                
            

            
                References
	Anfinsen, C. B. Science 181, 223â€“230 (1973).
ADSÂ 
    CASÂ 
    PubMedÂ 
    
                    Google ScholarÂ 
                

	Ellis, R. J. Nature 328, 378â€“379 (1987).
ADSÂ 
    CASÂ 
    PubMedÂ 
    
                    Google ScholarÂ 
                

	Rothman, J. E. Cell 59, 591â€“601 (1989).
CASÂ 
    PubMedÂ 
    
                    Google ScholarÂ 
                

	Gething, M.-J. & Sambrook, J. Nature 355, 33â€“45 (1992).
ArticleÂ 
    ADSÂ 
    CASÂ 
    PubMedÂ 
    
                    Google ScholarÂ 
                

	Hendrick, J. P. & Hartl, F. U. A. Rev. Biochem. 62, 349â€“384 (1993).
ArticleÂ 
    CASÂ 
    
                    Google ScholarÂ 
                

	Freedman, R. B., Hirst, T. R. & Tuit, M. F. Trends biochem. Sci. 19, 331â€“336 (1994).
CASÂ 
    PubMedÂ 
    
                    Google ScholarÂ 
                

	Schmid, F. X. A. Rev. Biophys. biomol. Struct. 22, 123â€“143 (1993).
CASÂ 
    
                    Google ScholarÂ 
                

	Laskey, R. A., Honda, B. M. & Finch, J. T. Nature 275, 416â€“420 (1978).
ADSÂ 
    CASÂ 
    PubMedÂ 
    
                    Google ScholarÂ 
                

	Hightower, L. E. J. Cell Physiol. 102, 407â€“427 (1980).
CASÂ 
    PubMedÂ 
    
                    Google ScholarÂ 
                

	Pelham, H. R. B. Cell 46, 959â€“961 (1986).
CASÂ 
    PubMedÂ 
    
                    Google ScholarÂ 
                

	Haas, I. G. & Wabl, M. Nature 306, 387â€“389 (1983).
ADSÂ 
    CASÂ 
    PubMedÂ 
    
                    Google ScholarÂ 
                

	Deshaies, R. J., Koch, B. D., Werner-Washburne, M., Craig, E. A. & Schekman, R. Nature 332, 800â€“805 (1988).
ADSÂ 
    CASÂ 
    PubMedÂ 
    
                    Google ScholarÂ 
                

	Chirico, W. J., Waters, M. G. & Blobel, G. Nature 332, 805â€“810 (1988).
ADSÂ 
    CASÂ 
    PubMedÂ 
    
                    Google ScholarÂ 
                

	Zimmermann, R., Sagstetter, M., Lewis, M. J. & Pelham, H. R. B. EMBO J. 7, 2875â€“2880 (1988).
CASÂ 
    PubMedÂ 
    PubMed CentralÂ 
    
                    Google ScholarÂ 
                

	Beckmann, R. P., Mizzen, L. A. & Welch, W. J. Science 248, 850â€“854 (1990).
ArticleÂ 
    ADSÂ 
    CASÂ 
    PubMedÂ 
    
                    Google ScholarÂ 
                

	Flynn, G. C., Pohl, J., Flocco, M. T. & Rothman, J. E. Nature 353, 726â€“730 (1991).
ADSÂ 
    CASÂ 
    PubMedÂ 
    
                    Google ScholarÂ 
                

	Georgopoulos, C., Hendrix, R. W., Casjens, S. R. & Kaiser, A. D. J. molec. Biol. 76, 45â€“60 (1973).
CASÂ 
    PubMedÂ 
    
                    Google ScholarÂ 
                

	Coppo, A., Manzi, A., Pulitzer, J. F. & Takahashi, H. J. molec. Biol. 76, 61â€“87 (1973).
CASÂ 
    PubMedÂ 
    
                    Google ScholarÂ 
                

	Barraclough, R. & Ellis, R. J. Biochim. biophys. Acta 608, 18â€“31 (1980).

                    Google ScholarÂ 
                

	Cannon, S., Wang, P. & Roy, H. J. Cell Biol. 103, 1327â€“1335 (1986).
CASÂ 
    PubMedÂ 
    
                    Google ScholarÂ 
                

	Hemmingsen, S. M. et al. Nature 333, 330â€“334 (1988).
ArticleÂ 
    ADSÂ 
    CASÂ 
    PubMedÂ 
    
                    Google ScholarÂ 
                

	McMullin, T. W. & Hallberg, R. L. Molec. cell. Biol. 8, 371â€“380 (1988).
CASÂ 
    PubMedÂ 
    PubMed CentralÂ 
    
                    Google ScholarÂ 
                

	Goloubinoff, P., Christeller, J. T., Gatenby, A. A. & Lorimer, G. H. Nature 342, 884â€“889 (1989).
ADSÂ 
    CASÂ 
    PubMedÂ 
    
                    Google ScholarÂ 
                

	Cheng, M. Y. et al. Nature 337, 620â€“625 (1989).
ADSÂ 
    CASÂ 
    PubMedÂ 
    
                    Google ScholarÂ 
                

	Ostermann, J., Horwich, A. L., Neupert, W. & Hartl, F.-U. Nature 341, 125â€“130 (1989).
ADSÂ 
    CASÂ 
    PubMedÂ 
    
                    Google ScholarÂ 
                

	Langer, T. et al. Nature 356, 683â€“689 (1992).
ADSÂ 
    CASÂ 
    PubMedÂ 
    
                    Google ScholarÂ 
                

	Creighton, T. E. Proteins: Structures and Molecular Properties (Freeman, New York, 1993).

                    Google ScholarÂ 
                

	Dobson, C. M., Radford, S. E. & Evans, P. A. Trends biochem. Sci. 19, 31â€“37 (1994).
CASÂ 
    PubMedÂ 
    
                    Google ScholarÂ 
                

	Mitraki, A., Fane, B., Haase-Pettingelll, C., Sturtevant, J. & King, J. Science 253, 54â€“58 (1991).
ADSÂ 
    CASÂ 
    PubMedÂ 
    
                    Google ScholarÂ 
                

	Ellis, R. J. & Hartl, F. U. FASEB J. 10, 20â€“26 (1996).
CASÂ 
    PubMedÂ 
    
                    Google ScholarÂ 
                

	Zimmerman, S. B. & Trach, S. O. J. molec. Biol. 222, 599â€“620 (1991).
CASÂ 
    PubMedÂ 
    
                    Google ScholarÂ 
                

	Nelson, R. J., Ziegelhoffer, T., Nicolet, C., Werner-Washbume, M. & Craig, E. A. Cell 71, 97â€“105 (1993).

                    Google ScholarÂ 
                

	Kudlicki, W. et al. J. biol. Chem. 270, 10650â€“10657 (1995).
CASÂ 
    PubMedÂ 
    
                    Google ScholarÂ 
                

	Hendrick, J. P., Langer, T., Davis, T. A., Hartl, F. U. & Wiedmann, M. Proc. natn. Acad. Sci. U.S.A. 90, 10216â€“10220 (1993).
ADSÂ 
    CASÂ 
    
                    Google ScholarÂ 
                

	Frydman, J., Nimmesgern, E., Ohtsuka, K. & Hartl, F. U. Nature 370, 111â€“117 (1994).
ADSÂ 
    CASÂ 
    PubMedÂ 
    
                    Google ScholarÂ 
                

	Chattopadhyay, S., Das, B., Bera, A. K., Dasgupta, D. & Dasgupta, C. Biochem. J. 300, 717â€“721 (1994).
CASÂ 
    PubMedÂ 
    PubMed CentralÂ 
    
                    Google ScholarÂ 
                

	Kolb, V. A., Makeyev, E. V. & Spirin, A. S. EMBO J. 13, 3631â€“3637 (1994).
CASÂ 
    PubMedÂ 
    PubMed CentralÂ 
    
                    Google ScholarÂ 
                

	Fedorov, A. N. & Baldwin, T. O. Proc. natn. Acad. Sci. U.S.A. 92, 1227â€“1231 (1995).
ADSÂ 
    CASÂ 
    
                    Google ScholarÂ 
                

	Chen, W., Helenius, J., Braakman, I. & Helenius, A. Proc. natn. Acad. Sci. U.S.A. 92, 6229â€“6233 (1995).
ADSÂ 
    CASÂ 
    
                    Google ScholarÂ 
                

	Sanders, S. L., Whitfield, K. M., Vogel, J. P., Rose, M. D. & Schekman, R. W. Cell 69, 353â€“365 (1992).
CASÂ 
    PubMedÂ 
    
                    Google ScholarÂ 
                

	Ungewickell, E. et al. Nature 378, 632â€“635 (1995).
ADSÂ 
    CASÂ 
    PubMedÂ 
    
                    Google ScholarÂ 
                

	Schlenstedt, G., Harris, S., Risse, B., Lill, R. & Silver, P. A. J. Cell Biol. 129, 979â€“988 (1995).
CASÂ 
    PubMedÂ 
    
                    Google ScholarÂ 
                

	Flaherty, K. M., DeLuca-Flaherty, C. & McKay, D. B. Nature 346, 623â€“628 (1990).
ADSÂ 
    CASÂ 
    PubMedÂ 
    
                    Google ScholarÂ 
                

	Liberek, K., Skowyra, D., Zylicz, M., Johnson, C. & Georgopoulos, C. J. biol. Chem. 266, 14491â€“14496 (1991).
CASÂ 
    PubMedÂ 
    
                    Google ScholarÂ 
                

	Buchberger, A., SchrÃ¶der, H., Buttner, M., Valencia, A. & Bukau, B. Nature struct. Biol. 1, 95â€“101 (1994).
CASÂ 
    PubMedÂ 
    
                    Google ScholarÂ 
                

	Morshauser, R. C., Wang, H., Flynn, G. C. & Zuiderweg, E. R. P. Biochemistry 34, 6261â€“6266 (1995).
CASÂ 
    PubMedÂ 
    
                    Google ScholarÂ 
                

	Wang, T.-F., Chang, J.-H. & Wang, C. J. biol. Chem. 268, 26049â€“26051 (1993).
CASÂ 
    PubMedÂ 
    
                    Google ScholarÂ 
                

	Szyperski, T., Pellecchia, M., Wall, D., Georgopoulos, C. & Wuthrich, K. Proc. natn. Acad. Sci. U.S.A. 91, 11343â€“11347 (1994).
ADSÂ 
    CASÂ 
    
                    Google ScholarÂ 
                

	Hill, R. B., Flanagan, J. M. & Prestegard, J. H. Biochemistry 34, 5587â€“5596 (1995).
CASÂ 
    PubMedÂ 
    
                    Google ScholarÂ 
                

	Wall, D., Zylicz, M. & Georgopoulos, C. J. biol. Chem. 269, 5446â€“5451 (1994).
CASÂ 
    PubMedÂ 
    
                    Google ScholarÂ 
                

	Szabo, A., Korszun, R., Hartl, F. U. & Flanagan, J. EMBO J. 15, 408â€“417 (1996).
CASÂ 
    PubMedÂ 
    PubMed CentralÂ 
    
                    Google ScholarÂ 
                

	Blond-Elguindi, S. et al. Cell 75, 717â€“728 (1993).
CASÂ 
    PubMedÂ 
    
                    Google ScholarÂ 
                

	Gragerov, A. & Gottesman, M. E. J. molec. Biol. 241, 133â€“135 (1994).
CASÂ 
    PubMedÂ 
    
                    Google ScholarÂ 
                

	Takenaka, I. M., Leung, S. M., Mcandrew, S. J., Brown, J. P. & Hightower, L. E. J. biol. Chem. 270, 19839â€“19844 (1995).
CASÂ 
    PubMedÂ 
    
                    Google ScholarÂ 
                

	Palleros, D. R., Welch, W. J. & Fink, A. L. Proc. natn. Acad. Sci. U.S.A. 88, 5719â€“5723 (1991).
ADSÂ 
    CASÂ 
    
                    Google ScholarÂ 
                

	Landry, S. J., Jordan, R., McMacken, R. & Gierasch, L. M. Nature 355, 455â€“457 (1992).
ADSÂ 
    CASÂ 
    PubMedÂ 
    
                    Google ScholarÂ 
                

	SchrÃ¶der, H., Langer, T., Hartl, F. U. & Bukau, B. EMBO J. 12, 4137â€“4144 (1993).
PubMedÂ 
    PubMed CentralÂ 
    
                    Google ScholarÂ 
                

	Xzabo, A. et al. Proc. natn. Acad. Sci. U.S.A. 91, 10345â€“10349 (1994).

                    Google ScholarÂ 
                

	Schmid, D., Baici, A., Gehring, H. & Christen, P. Science 263, 971â€“973 (1994).
ADSÂ 
    CASÂ 
    PubMedÂ 
    
                    Google ScholarÂ 
                

	Liberek, K., Marszalek, J., Ang, D., Georgopoulos, D. & Zylicz, M. Proc. natn. Acad. Sci. U.S.A. 88, 2874â€“2878 (1991).
ADSÂ 
    CASÂ 
    
                    Google ScholarÂ 
                

	Palleros, D. R., Reid, K. L., Shi, L., Welch, W. J. & Fink, A. L. Nature 365, 664â€“666 (1993).
ADSÂ 
    CASÂ 
    PubMedÂ 
    
                    Google ScholarÂ 
                

	Palleros, D. R., Shi, L., Reid, K. L. & Fink, A. L. J. biol. Chem. 269, 13107â€“13114 (1994).
CASÂ 
    PubMedÂ 
    
                    Google ScholarÂ 
                

	Ziegelhoffer, T., Lopezbuesa, P. & Craig, E. A. J. biol. Chem. 270, 10412â€“10419 (1995).
CASÂ 
    PubMedÂ 
    
                    Google ScholarÂ 
                

	HÃ¶hfeld, J., Minami, Y. & Hartl, F. U. Cell 83, 589â€“598 (1995).
PubMedÂ 
    
                    Google ScholarÂ 
                

	Prapapanich, V., Chen, S., Nair, S., Rimerman, R. A. & Smith, D. F. Molec. Endocr. 11, 420â€“428 (1996).

                    Google ScholarÂ 
                

	Georgopoulos, C., Liberek, K., Zylicz, M. & Ang, D. Heat-shock Proteins in Biology and Medicine 209â€“249 (Cold Spring Harbor Laboratory Press, Cold Spring Harbor, New York, 1994).

                    Google ScholarÂ 
                

	Freeman, B. C. & Morimoto, R. I. EMBO J. 12, 2969â€“2979 (1996).

                    Google ScholarÂ 
                

	Jakob, U. & Buchner, J. Trends biochem. Sci. 19, 205â€“211 (1994).
CASÂ 
    PubMedÂ 
    
                    Google ScholarÂ 
                

	Parsell, D. A., Kowal, A. S., Singer, M. A. & Lindquist, S. Nature 372, 475â€“478 (1994).
ADSÂ 
    CASÂ 
    PubMedÂ 
    
                    Google ScholarÂ 
                

	Hayes, S. A. & Dice, F. J. Cell Biol. 132, 255â€“258 (1996).
CASÂ 
    PubMedÂ 
    
                    Google ScholarÂ 
                

	Kang, P. J. et al. Nature 348, 137â€“143 (1990).
ADSÂ 
    CASÂ 
    PubMedÂ 
    
                    Google ScholarÂ 
                

	Ungermann, C., Neupert, W. & Cyr, D. M. Science 266, 1250â€“1253 (1994).
ADSÂ 
    CASÂ 
    PubMedÂ 
    
                    Google ScholarÂ 
                

	Schneider, H. C. et al. Nature 371, 768â€“774 (1994).
ADSÂ 
    CASÂ 
    PubMedÂ 
    
                    Google ScholarÂ 
                

	Simon, S. M., Peskin, C. S. & Oster, G. F. Proc. natn. Acad. Sci. U.S.A. 89, 3770â€“3774 (1992).
ADSÂ 
    CASÂ 
    
                    Google ScholarÂ 
                

	Rassow, J. et al. J. Cell Biol. 127, 1547â€“1556 (1994).
CASÂ 
    PubMedÂ 
    
                    Google ScholarÂ 
                

	Kronidou, N. G. et al. Proc. natn. Acad. Sci. U.S.A. 91, 12818â€“12822 (1994).
ADSÂ 
    CASÂ 
    
                    Google ScholarÂ 
                

	Westermann, B., Pripbuus, C., Neupert, W. & Schwarz, E. EMBO J. 14, 3452â€“3460 (1995).
CASÂ 
    PubMedÂ 
    PubMed CentralÂ 
    
                    Google ScholarÂ 
                

	Georgellis, D., Sohlberg, B., Hartl, F. U. & von Gabain, A. Molec. Microbiol. 16, 1259â€“1268 (1995).
CASÂ 
    
                    Google ScholarÂ 
                

	Langer, T., Pfeifer, G., Martin, J., Baumeister, W. & Hartl, F. U. EMBO J. 11, 4757â€“4765 (1992).
CASÂ 
    PubMedÂ 
    PubMed CentralÂ 
    
                    Google ScholarÂ 
                

	Braig, K., Simon, M., Furuya, F., Hainfeld, J. F. & Horwich, A. L. Proc. natn. Acad. Sci. U.S.A. 90, 3978â€“3982 (1993).
ADSÂ 
    CASÂ 
    
                    Google ScholarÂ 
                

	Saibil, H. R. et al. Curr. Biol. 3, 265â€“273 (1993).
CASÂ 
    PubMedÂ 
    
                    Google ScholarÂ 
                

	Chen, S. et al. Nature 371, 261â€“264 (1994).
ADSÂ 
    CASÂ 
    PubMedÂ 
    
                    Google ScholarÂ 
                

	Braig, K. et al. Nature 371, 578â€“586 (1994).
ADSÂ 
    CASÂ 
    PubMedÂ 
    
                    Google ScholarÂ 
                

	Boisvert, D. C., Wang, J., Otwinowski, Z., Horwich, A. L. & Sigler, P. B. Nature struct. Biol 3, 170â€“177 (1996).
CASÂ 
    PubMedÂ 
    
                    Google ScholarÂ 
                

	Fenton, W. A., Kashi, Y., Furtak, K. & Horwich, A. L. Nature 371, 614â€“619 (1994).
ADSÂ 
    CASÂ 
    PubMedÂ 
    
                    Google ScholarÂ 
                

	Braig, K., Adams, P. D. & BrÃ¼nger, A. T. Nature struct. Biol. 2, 1083â€“1084 (1995).
CASÂ 
    PubMedÂ 
    
                    Google ScholarÂ 
                

	Hunt, J. F., Weaver, A. J., Landry, S. J., Gierasch, L. & Deisenhofer, J. Nature 379, 37â€“42 (1996).
ADSÂ 
    CASÂ 
    PubMedÂ 
    
                    Google ScholarÂ 
                

	Mande, S. C., Mehra, V., Bloom, B. & Hol, W. G. J. Science 271, 203â€“207 (1996).
ADSÂ 
    CASÂ 
    PubMedÂ 
    
                    Google ScholarÂ 
                

	Landry, S. J., Zeilstra, R. J., Fayet, O., Georgopoulos, C. & Gierasch, L. M. Nature 364, 255â€“258 (1993).
ADSÂ 
    CASÂ 
    PubMedÂ 
    
                    Google ScholarÂ 
                

	Martin, J. et al. Nature 352, 36â€“42 (1991).
ADSÂ 
    CASÂ 
    PubMedÂ 
    
                    Google ScholarÂ 
                

	Robinson, C. V. et al. Nature 372, 646â€“651 (1994).
ADSÂ 
    CASÂ 
    PubMedÂ 
    
                    Google ScholarÂ 
                

	Zahn, R., Spitzfaden, C., Ottiger, M., Wuthrich, K. & Pluckthun, A. Nature 368, 261â€“265 (1994).
ADSÂ 
    CASÂ 
    PubMedÂ 
    
                    Google ScholarÂ 
                

	Zahn, R., Perret, S., Stenberg, G. & Fersht, A. R. Science 271, 642â€“645 (1996).
ADSÂ 
    CASÂ 
    PubMedÂ 
    
                    Google ScholarÂ 
                

	Hayer-Hartl, M. K., Ewbank, J. J., Creighton, T. E. & Hartl, F. U. EMBO J. 13, 3192â€“3202 (1994).
CASÂ 
    PubMedÂ 
    PubMed CentralÂ 
    
                    Google ScholarÂ 
                

	Lin, Z., Schwarz, F. P. & Eisenstein, E. J. biol. Chem. 270, 1011â€“1014 (1995).
CASÂ 
    PubMedÂ 
    
                    Google ScholarÂ 
                

	Hlodan, R., Tempst, P. & Hartl, F. U. Nature struct. Biol. 2, 587â€“595 (1995).
CASÂ 
    PubMedÂ 
    
                    Google ScholarÂ 
                

	Viitaen, P. V., Gatenby, A. A. & Lorimer, G. H. Protein Sci. 1, 363â€“369 (1992).

                    Google ScholarÂ 
                

	Martin, J., Horwich, A. L. & Hartl, F. U. Science 258, 995â€“998 (1992).
ADSÂ 
    CASÂ 
    PubMedÂ 
    
                    Google ScholarÂ 
                

	Horwich, A. L., Low, K. B., Fenton, W. A., Hirshfield, I. N. & Furtak, K. Cell 74, 909â€“917 (1993).
CASÂ 
    PubMedÂ 
    
                    Google ScholarÂ 
                

	Martin, J., Mayhew, M., Langer, T. & Hartl, F. U. Nature 366, 228â€“233 (1993).
ADSÂ 
    CASÂ 
    PubMedÂ 
    
                    Google ScholarÂ 
                

	Hartl, F. U. Nature 371, 557â€“559 (1994).
ADSÂ 
    CASÂ 
    PubMedÂ 
    
                    Google ScholarÂ 
                

	Mayhew, M. et al. Nature 379, 420â€“426 (1996).
ADSÂ 
    CASÂ 
    PubMedÂ 
    
                    Google ScholarÂ 
                

	Weissman, J. S., Rye, H. S., Fenton, W. A., Beechem, J. M. & Horwich, A. L. Cell 84, 481â€“490 (1996).
CASÂ 
    PubMedÂ 
    
                    Google ScholarÂ 
                

	Gray, T. E. & Fersht, A. R. FEBS Lett. 292, 254â€“258 (1991).
CASÂ 
    PubMedÂ 
    
                    Google ScholarÂ 
                

	Todd, M. J., Viitanen, P. V. & Lorimer, G. H. Biochemistry 32, 8560â€“8567 (1993).
CASÂ 
    PubMedÂ 
    
                    Google ScholarÂ 
                

	Jackson, G. S. et al. Biochemistry 32, 2554â€“2563 (1993).
CASÂ 
    PubMedÂ 
    
                    Google ScholarÂ 
                

	Todd, M. J., Viitanen, P. V. & Lorimer, G. H. Science 265, 659â€“666 (1994).
ADSÂ 
    CASÂ 
    PubMedÂ 
    
                    Google ScholarÂ 
                

	Hayer-Hartl, M. K., Martin, J. & Hartl, F. U. Science 269, 836â€“841 (1995).
ADSÂ 
    CASÂ 
    PubMedÂ 
    
                    Google ScholarÂ 
                

	Burston, S. G., Ranson, N. A. & Clarke, A. R. J. molec. Biol. 249, 138â€“152 (1995).
CASÂ 
    PubMedÂ 
    
                    Google ScholarÂ 
                

	Yifrach, O. & Horovitz, A. Biochemistry 34, 5303â€“5308 (1995).
CASÂ 
    PubMedÂ 
    
                    Google ScholarÂ 
                

	Engel, A. et al. Science 269, 832â€“836 (1995).
ADSÂ 
    CASÂ 
    PubMedÂ 
    
                    Google ScholarÂ 
                

	Weissman, J. S. et al. Cell 83, 577â€“587 (1995).
CASÂ 
    PubMedÂ 
    
                    Google ScholarÂ 
                

	Llorca, O., Marco, S., Carrascosa, J. L. & Valpuesta, J. M. FEBS Lett. 345, 181â€“186 (1994).
CASÂ 
    PubMedÂ 
    
                    Google ScholarÂ 
                

	Schmidt, M. et al. Science 265, 656â€“659 (1994).
ADSÂ 
    CASÂ 
    PubMedÂ 
    
                    Google ScholarÂ 
                

	Azem, A., Kessel, M. & Goloubinoff, P. Science 265, 653â€“656 (1994).
ADSÂ 
    CASÂ 
    PubMedÂ 
    
                    Google ScholarÂ 
                

	Nilsson, B. & Anderson, S. A. Rev. Microbiol. 45, 607â€“635 (1991).
CASÂ 
    
                    Google ScholarÂ 
                

	Creighton, T. E. Nature 352, 17â€“18 (1991).
ADSÂ 
    CASÂ 
    PubMedÂ 
    
                    Google ScholarÂ 
                

	Agard, D. A. Science 260, 1903â€“1904 (1993).
ADSÂ 
    CASÂ 
    PubMedÂ 
    
                    Google ScholarÂ 
                

	Ellis, R. J. Curr. Biol. 4, 633â€“635 (1994).
CASÂ 
    PubMedÂ 
    
                    Google ScholarÂ 
                

	Ellis, R. J. Fold. Des. 1, R9â€“R15 (1996).
CASÂ 
    PubMedÂ 
    
                    Google ScholarÂ 
                

	Ranson, N. A., Dunster, N. J., Burston, S. G. & Clarke, A. R. J. molec. Biol. 250, 581â€“586 (1995).
CASÂ 
    PubMedÂ 
    
                    Google ScholarÂ 
                

	Gray, T. E. & Fersht, A. R. J. molec. Biol. 232, 1197â€“1207 (1993).
CASÂ 
    PubMedÂ 
    
                    Google ScholarÂ 
                

	Weissman, J. S., Kashi, Y., Fenton, W. A. & Horwich, A. L. Cell 78, 693â€“702 (1994).
CASÂ 
    PubMedÂ 
    
                    Google ScholarÂ 
                

	Kubota, H., Hynes, G., Carne, A., Ashworth, A. & Willison, K. Curr. Biol. 4, 89â€“99 (1994).
CASÂ 
    PubMedÂ 
    
                    Google ScholarÂ 
                

	Gao, Y., Thomas, J. O., Chow, R. L., Lee, G. H. & Cowan, N. J. Cell 69, 1043â€“1050 (1992).
CASÂ 
    PubMedÂ 
    
                    Google ScholarÂ 
                

	Yaffe, M. B. et al. Nature 358, 245â€“248 (1992).
ADSÂ 
    CASÂ 
    PubMedÂ 
    
                    Google ScholarÂ 
                

	Frydman, J. et al. EMBO J. 11, 4767â€“4778 (1992).
CASÂ 
    PubMedÂ 
    PubMed CentralÂ 
    
                    Google ScholarÂ 
                

	Tian, G. L., Vainberg, I. E., Tap, W. D., Lewis, S. A. & Cowan, N. J. Nature 375, 250â€“253 (1995).
ADSÂ 
    CASÂ 
    PubMedÂ 
    
                    Google ScholarÂ 
                

	Trent, J. D., Nimmesgern, E., Wall, J. S., Hartl, F. U. & Horwich, A. L. Nature 354, 490â€“493 (1991).
ADSÂ 
    CASÂ 
    PubMedÂ 
    
                    Google ScholarÂ 
                

	Phipps, B. M. et al. Nature 361, 475â€“477 (1993).
ADSÂ 
    CASÂ 
    
                    Google ScholarÂ 
                

	Kim, S., Willison, K. R. & Horwich, A. L. Trends biochem. Sci. 19, 543â€“548 (1994).
CASÂ 
    PubMedÂ 
    
                    Google ScholarÂ 
                

	Waldmann, T., Lupas, A., Kellermann, J., Peters, J. & Baumeister, W. Biol. Chem. Hoppe Seyler 376, 119â€“126 (1995).
CASÂ 
    PubMedÂ 
    
                    Google ScholarÂ 
                

	Frydman, J. & Hartl, F. U. Science 272, 1497â€“1502 (1996).
ADSÂ 
    CASÂ 
    PubMedÂ 
    
                    Google ScholarÂ 
                

	Bergeron, J. J., Brenner, M. B., Thomas, D. Y. & Williams, D. B. Trends biochem. Sci. 19, 124â€“128 (1994).
CASÂ 
    PubMedÂ 
    
                    Google ScholarÂ 
                

	Gragerov, A. et al. Proc. natn. Acad. Sci. U.S.A. 89, 10341â€“10344 (1992).
ADSÂ 
    CASÂ 
    
                    Google ScholarÂ 
                

	Koonin, E. V., Mushegian, A. R. & Rudd, K. E. Curr. Biol. 6, 404â€“416 (1966).

                    Google ScholarÂ 
                

	Gaitanaris, G. A., Vysokanov, A., Hung, S.-Z., Gottesman, M. & Gragerov, A. Molec. Microbiol. 14, 861â€“869 (1994).
CASÂ 
    
                    Google ScholarÂ 
                

	Vysokanov, A. V. FEBS Lett. 375, 211â€“214 (1995).
CASÂ 
    PubMedÂ 
    
                    Google ScholarÂ 
                

	Kudlicki, W., Odom, O. W., Kramer, G. & Hardesty, B. J. molec. Biol. 244, 319â€“331 (1994).
CASÂ 
    PubMedÂ 
    
                    Google ScholarÂ 
                

	Valent, Q. A. et al. EMBO J. 14, 5494â€“5505 (1995).
CASÂ 
    PubMedÂ 
    PubMed CentralÂ 
    
                    Google ScholarÂ 
                

	Hesterkamp, T., Hauser, S., LÃ¼tcke, H. & Bukau, B. Proc. natn. Acad. Sci. U.S.A. 93, 4437â€“4441 (1996).
ADSÂ 
    CASÂ 
    
                    Google ScholarÂ 
                

	Crooke, E. & Wickner, W. Proc. natn. Acad. Sci. U.S.A. 84, 5216â€“5220 (1987).
ADSÂ 
    CASÂ 
    
                    Google ScholarÂ 
                

	Stoller, G. et al. EMBO J. 14, 4939â€“4948 (1995).
CASÂ 
    PubMedÂ 
    PubMed CentralÂ 
    
                    Google ScholarÂ 
                

	Kandror, O., Sherman, M., Rhode, M. & Goldberg, A. L. EMBO J. 14, 6021â€“6027 (1995).
CASÂ 
    PubMedÂ 
    PubMed CentralÂ 
    
                    Google ScholarÂ 
                

	Rowley, N. et al. Cell 77, 249â€“259 (1994).
CASÂ 
    PubMedÂ 
    
                    Google ScholarÂ 
                

	Rospert, S. et al. EMBO J. 15, 764â€“774 (1996).
CASÂ 
    PubMedÂ 
    PubMed CentralÂ 
    
                    Google ScholarÂ 
                

	HÃ¶hfeld, J. & Hartl, F. U. J. Cell Biol. 126, 305â€“315 (1994).
PubMedÂ 
    
                    Google ScholarÂ 
                

	Rassow, J. et al. Molec. cell. Biol. 15, 2654â€“2662 (1995).
CASÂ 
    PubMedÂ 
    PubMed CentralÂ 
    
                    Google ScholarÂ 
                

	Wiedmann, B., Sakai, H., Davis, T. A. & Wiedmann, M. Nature 370, 434â€“440 (1994).
ADSÂ 
    CASÂ 
    PubMedÂ 
    
                    Google ScholarÂ 
                

	Wang, S., Sakai, H. & Wiedmann, M. J. Cell Biol. 130, 519â€“527 (1995).
CASÂ 
    PubMedÂ 
    
                    Google ScholarÂ 
                

	Freeman, B. C., Myers, M. P., Schumacher, R. & Morimoto, R. I. EMBO J. 14, 2281â€“2292 (1995).
CASÂ 
    PubMedÂ 
    PubMed CentralÂ 
    
                    Google ScholarÂ 
                

	Amara, J. F., Cheng, S. H. & Smith, A. E. Trends Cell Biol. 2, 145â€“149 (1992).
CASÂ 
    PubMedÂ 
    
                    Google ScholarÂ 
                

	Dobson, C. M. Curr. Biol. 2, 343â€“345 (1992).
CASÂ 
    PubMedÂ 
    
                    Google ScholarÂ 
                

	Saibil, H. R. Nature struct. Biol. 1, 838â€“842 (1994).
CASÂ 
    PubMedÂ 
    
                    Google ScholarÂ 
                


Download references




Author information
Authors and Affiliations
	Howard Hughes Medical Institute and Cellular Biochemistry and Biophysics Program, Memorial Sloan-Kettering Cancer Center, 1275 York Avenue, New York, New York, 10021, USA
F. Ulrich Hartl


Authors	F. Ulrich HartlView author publications
You can also search for this author in
                        PubMedÂ Google Scholar







Rights and permissions
Reprints and permissions


About this article
Cite this article
Hartl, F. Molecular chaperones in cellular protein folding.
                    Nature 381, 571â€“580 (1996). https://doi.org/10.1038/381571a0
Download citation
	Issue Date: 13 June 1996

	DOI: https://doi.org/10.1038/381571a0


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
                        








            


            
        
            
                This article is cited by

                
                    	
                            
                                
                                    
                                        Comparative hemolymph proteomic analyses of the freezing and resistance-freezing Ostrinia furnacalis (GuenÃ©e)
                                    
                                

                            
                                
                                    	Zhu-Ting Zhang
	Huan Wang
	Bin Cong


                                
                                Scientific Reports (2024)

                            
	
                            
                                
                                    
                                        Transcriptomic regulations of heat stress response in the liver of lactating dairy cows
                                    
                                

                            
                                
                                    	Guangsheng Li
	Xingtan Yu
	Jingyue Ellie Duan


                                
                                BMC Genomics (2023)

                            
	
                            
                                
                                    
                                        RIPK1 inhibition contributes to lysosomal membrane stabilization in ischemic astrocytes via a lysosomal Hsp70.1B-dependent mechanism
                                    
                                

                            
                                
                                    	Hua-ping Du
	Yi Guo
	Hui-ling Zhang


                                
                                Acta Pharmacologica Sinica (2023)

                            
	
                            
                                
                                    
                                        Rapid arsenite oxidation by Paenarthrobacter nicotinovorans strain SSBW5: unravelling the role of GlpF, aioAB and aioE genes
                                    
                                

                            
                                
                                    	Sajiya Yusuf Mujawar
	Kashif Shamim
	Santosh Kumar Dubey


                                
                                Archives of Microbiology (2023)

                            
	
                            
                                
                                    
                                        Histochemical, Immunohistochemical, and Biochemical Investigation of the Effect of Resveratrol on Testicular Damage Caused by Methotrexate (MTX)
                                    
                                

                            
                                
                                    	Emine Sarman
	Kanat Gulle
	Ilter Ilhan


                                
                                Reproductive Sciences (2023)

                            


                

            

        
    

            
                Comments
By submitting a comment you agree to abide by our Terms and Community Guidelines. If you find something abusive or that does not comply with our terms or guidelines please flag it as inappropriate.



                
                    
                    

                

            
        





    
        

        
            
                

    
        
            
                
                Access through your institution
            
        

        
            
                
                    Buy or subscribe
                
            

        
    



            

            
                

    
        
        

        
        
            
                
                Access through your institution
            
        

        
            
                Change institution
            
        

        
        
            
                Buy or subscribe
            
        

        
    



            

        
    


    
        
    

    
    

    
        
            
                
                    
                        
                            Advertisement

                            
    
        
            
                [image: Advertisement]
        

    


                        

                    

                

            

            

            

        

    






    
        
            
                Explore content

                	
                                
                                    Research articles
                                
                            
	
                                
                                    News
                                
                            
	
                                
                                    Opinion
                                
                            
	
                                
                                    Research Analysis
                                
                            
	
                                
                                    Careers
                                
                            
	
                                
                                    Books & Culture
                                
                            
	
                                
                                    Podcasts
                                
                            
	
                                
                                    Videos
                                
                            
	
                                
                                    Current issue
                                
                            
	
                                
                                    Browse issues
                                
                            
	
                                
                                    Collections
                                
                            
	
                                
                                    Subjects
                                
                            


                	
                            Follow us on Facebook
                            
                        
	
                            Follow us on Twitter
                            
                        
	
                            
                                Subscribe
                            
                        
	
                            Sign up for alerts
                            
                        
	
                            
                                RSS feed
                            
                        


            

        
    
    
        
            
                
                    About the journal

                    	
                                
                                    Journal Staff
                                
                            
	
                                
                                    About the Editors
                                
                            
	
                                
                                    Journal Information
                                
                            
	
                                
                                    Our publishing models
                                
                            
	
                                
                                    Editorial Values Statement
                                
                            
	
                                
                                    Journal Metrics
                                
                            
	
                                
                                    Awards
                                
                            
	
                                
                                    Contact
                                
                            
	
                                
                                    Editorial policies
                                
                            
	
                                
                                    History of Nature
                                
                            
	
                                
                                    Send a news tip
                                
                            


                

            
        

        
            
                
                    Publish with us

                    	
                                
                                    For Authors
                                
                            
	
                                
                                    For Referees
                                
                            
	
                                
                                    Language editing services
                                
                            
	
                                Submit manuscript
                                
                            


                

            
        
    



    
        Search

        
            Search articles by subject, keyword or author
            
                
                    
                

                
                    
                        Show results from
                        All journals
This journal


                    

                    
                        Search
                    

                


            

        


        
            
                Advanced search
            
        


        Quick links

        	Explore articles by subject
	Find a job
	Guide to authors
	Editorial policies


    





        
    
        
            

            
                
                    Nature (Nature)
                
                
    
    
        ISSN 1476-4687 (online)
    
    


                
    
    
        ISSN 0028-0836 (print)
    
    

            

        

    




    
        
    nature.com sitemap

    
        
            
                About Nature Portfolio

                	About us
	Press releases
	Press office
	Contact us


            


            
                Discover content

                	Journals A-Z
	Articles by subject
	Protocol Exchange
	Nature Index


            


            
                Publishing policies

                	Nature portfolio policies
	Open access


            


            
                Author & Researcher services

                	Reprints & permissions
	Research data
	Language editing
	Scientific editing
	Nature Masterclasses
	Research Solutions


            


            
                Libraries & institutions

                	Librarian service & tools
	Librarian portal
	Open research
	Recommend to library


            


            
                Advertising & partnerships

                	Advertising
	Partnerships & Services
	Media kits
                    
	Branded
                        content


            


            
                Professional development

                	Nature Careers
	Nature 
                        Conferences


            


            
                Regional websites

                	Nature Africa
	Nature China
	Nature India
	Nature Italy
	Nature Japan
	Nature Korea
	Nature Middle East


            


        

    

    
        	Privacy
                Policy
	Use
                of cookies
	
                Your privacy choices/Manage cookies
                
            
	Legal
                notice
	Accessibility
                statement
	Terms & Conditions
	Your US state privacy rights


    





        
    
        [image: Springer Nature]
    
    © 2024 Springer Nature Limited




    

    
    
    







    

    



    
    

        

    
        
            


Close
    



        

            
                
                    [image: Nature Briefing]
                    Sign up for the Nature Briefing newsletter â€” what matters in science, free to your inbox daily.

                

                
                    
                        
                        

                        
                        
                        
                        

                        Email address

                        
                            
                            
                            
                            Sign up
                        


                        
                            
                            I agree my information will be processed in accordance with the Nature and Springer Nature Limited Privacy Policy.
                        

                    

                

            


        


    

    
    

        

    
        
            

Close
    



        
            Get the most important science stories of the day, free in your inbox.
            Sign up for Nature Briefing
            
        


    









    [image: ]







[image: ]
