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                    Abstract
Although the human homologue of SND p102, p100 coactivator, was initially described as a nuclear protein, the p100 coactivator protein family members have non-nuclear localization in mammalian cells with active lipid handling, storage, and secretion. However, their role in lipid homeostasis remains unresolved. Here, we investigate the distribution of the rat homologue SND p102 (also called SND1) and its association with newly formed lipid droplets in the liver parenchyma and cultured hepatocytes. Sucrose gradient fractionation showed that SND p102 cofractionated with endoplasmic reticulum and Golgi markers. Such cofractionation was not altered in regenerating steatotic rat liver. However, SND p102 was also detected in lipid droplets from regenerating liver, showing a specific directionalization to the least dense ones. Confocal microscopy of cultured hepatocytes confirmed the findings of gradient fractionation. In addition, p100 coactivator was consistently encountered in microsomes and lipid droplets in control and oleate-treated HepG2 cells. The total amount of SND p102 in hepatocytes was similar in both conditions, suggesting a specific translocation of the protein. Our findings indicate that SND p102 and the human p100 coactivator have a ubiquitous cytoplasmic distribution in hepatocytes and that steatogenic conditions promote the targeting of SND p102 from other cell compartments to specific low density lipid droplets.



                    
    


                    
                        
                            
                                
                                    
                                        
                                    
                                    
                                        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
                                            
                                                
                                            
                                        

                                    

                                

                            
                        

                        
                            Fig. 1[image: ]


Fig. 2[image: ]


Fig. 3[image: ]


Fig. 4[image: ]



                        

                    

                    
                        
                    


                    
                        
                            
                        
                    

                    

                    

                    References
	Bartz R, Li B, Venables WH, Zehmer JK, Roth MR, Welti R, Anderson RG, Liu P, Chapman KD (2007) Lipidomics reveals that adiposomes store ether lipids and mediate phospholipid traffic. J Lipid Res 48:837–847
Article 
    CAS 
    PubMed 
    
                    Google Scholar 
                

	Basrur V, Yang F, Kushimoto T, Higashimoto Y, Yasumoto K, Valencia J, Muller J, Vieira WD, Watabe H, Shabanowitz J, Hearing VJ, Hunt DF, Appella E (2003) Proteomic analysis of early melanosomes: identification of novel melanosomal proteins. J Proteome Res 2:69–79
Article 
    CAS 
    PubMed 
    
                    Google Scholar 
                

	Blaner WS, O'Byrne SM, Wongsiriroj N, Kluwe J, D'Ambrosio DM, Jiang H, Schwabe RF, Hillman EM, Piantedosi R, Libien J (2008) Hepatic stellate cell lipid droplets: a specialized lipid droplet for retinoid storage. Biochim Biophys Acta. doi:10.106/j.bbalip. 2008.11.001
                        
PubMed 
    
                    Google Scholar 
                

	Brasaemle DL, Dolios G, Shapiro L, Wang R (2004) Proteomic analysis of proteins associated with lipid droplets of basal and lipolytically stimulated 3T3-L1 adipocytes. J Biol Chem 279:46835–46842
Article 
    CAS 
    PubMed 
    
                    Google Scholar 
                

	Brito GC, Fachel AA, Vettore AL, Vignal GM, Gimba ERP, Campos FS, Barcinski MA, Verjovski-Almeida S, Reis EM (2008) Identification of protein-coding and intronic noncoding RNAs down-regulated in clear cell renal carcinoma. Mol Carcinog 47:757–767
Article 
    CAS 
    PubMed 
    
                    Google Scholar 
                

	Broadhurst MK, Lee RS, Hawkins S, Wheeler TT (2005) The p100 EBNA-2 coactivator: a highly conserved protein found in a range of exocrine and endocrine cells and tissues in cattle. Biochim Biophys Acta 1681:126–133
CAS 
    PubMed 
    
                    Google Scholar 
                

	Broadhurst MK, Wheeler TT (2001) The p100 coactivator is present in the nuclei of mammary epithelial cells and its abundance is increased in response to prolactin in culture and in mammary tissue during lactation. J Endocrinol 171:329–337
Article 
    CAS 
    PubMed 
    
                    Google Scholar 
                

	Caudy AA, Ketting RF, Hammond SM, Denli AM, Bathoorn AM, Tops BB, Silva JM, Myers MM, Hannon GJ, Plasterk RH (2003) A micrococcal nuclease homologue in RNAi effector complexes. Nature 425:411–414
Article 
    CAS 
    PubMed 
    
                    Google Scholar 
                

	Chi A, Valencia JC, Hu ZZ, Watabe H, Yamaguchi H, Mangini NJ, Huang H, Canfield VA, Cheng KC, Yang F, Abe R, Yamagishi S, Shabanowitz J, Hearing VJ, Wu C, Appella E, Hunt DF (2006) Proteomic and bioinformatic characterization of the biogenesis and function of melanosomes. J Proteome Res 5:3135–3144
Article 
    CAS 
    PubMed 
    
                    Google Scholar 
                

	Dugail I, Hajduch E (2007) A new look at adipocyte lipid droplets: towards a role in the sensing of triacylglycerol stores? Cell Mol Life Sci 64:2452–2458
Article 
    CAS 
    PubMed 
    
                    Google Scholar 
                

	Folch J, Lees M, Sloane Stanley GH (1957) A simple method for the isolation and purification of total lipids from animal tissues. J Biol Chem 226:497–509
CAS 
    PubMed 
    
                    Google Scholar 
                

	Fresnedo O, De Heredia ML, Martinez MJ, Cristobal S, Rejas MT, Cuezva JM, Ochoa B (2001) Immunolocalization of a novel cholesteryl ester hydrolase in the endoplasmic reticulum of murine and human hepatocytes. Hepatology 33:662–667
Article 
    CAS 
    PubMed 
    
                    Google Scholar 
                

	Fujimoto Y, Onoduka J, Homma KJ, Yamaguchi S, Mori M, Higashi Y, Makita M, Kinoshita T, Noda J, Itabe H, Takanoa T (2006) Long-chain fatty acids induce lipid droplet formation in a cultured human hepatocyte in a manner dependent of Acyl-CoA synthetase. Biol Pharm Bull 29:2174–2180
Article 
    CAS 
    PubMed 
    
                    Google Scholar 
                

	Ho J, Kong JWF, Choong LY, Loh MCS, Toy W, Chong PK, Wong CH, Wong CY, Shah N, Lim YP (2009) Novel breast cancer metastasis-associated proteins. J Proteome Res 8:583–594
Article 
    CAS 
    PubMed 
    
                    Google Scholar 
                

	Keenan TW, Winter S, Rackwitz HR, Heid HW (2000) Nuclear coactivator protein p100 is present in endoplasmic reticulum and lipid droplets of milk secreting cells. Biochim Biophys Acta 1523:84–90
CAS 
    PubMed 
    
                    Google Scholar 
                

	Kellner-Weibel G, Hendry-Rinde B, Haynes MP, Adelman S (2001) Evidence that newly synthesized esterified cholesterol is deposited in existing cytoplasmic lipid inclusions. J Lipid Res 42:768–777
CAS 
    PubMed 
    
                    Google Scholar 
                

	Kessler RJ, Fanestil DD (1986) Interference by lipids in the determination of protein using bicinchoninic acid. Anal Biochem 159:138–142
Article 
    CAS 
    PubMed 
    
                    Google Scholar 
                

	Martin S, Parton RG (2006) Lipid droplets: a unified view of a dynamic organelle. Nat Rev Mol Cell Biol 7:373–378
Article 
    CAS 
    PubMed 
    
                    Google Scholar 
                

	Miura S, Gan JW, Brzostowski J, Parisi MJ, Schultz CJ, Londos C, Oliver B, Kimmel AR (2002) Functional conservation for lipid storage droplet association among perilipin, ADRP, and TIP47 (PAT)-related proteins in mammals, Drosophila, and Dictyostelium. J Biol Chem 277:32253–32257
Article 
    CAS 
    PubMed 
    
                    Google Scholar 
                

	Moore HP, Silver RB, Mottillo EP, Bernlohr DA, Granneman JG (2005) Perilipin targets a novel pool of lipid droplets for lipolytic attack by hormone-sensitive lipase. J Biol Chem 280:43109–43120
Article 
    CAS 
    PubMed 
    
                    Google Scholar 
                

	Murphy DJ, Vance J (1999) Mechanisms of lipid-body formation. Trends Biochem Sci 24:109–115
Article 
    CAS 
    PubMed 
    
                    Google Scholar 
                

	Ontko JA, Perrin LW, Horne LS (1986) Isolation of hepatocellular lipid droplets: the separation of distinct subpopulations. J Lipid Res 27:1097–1103
CAS 
    PubMed 
    
                    Google Scholar 
                

	Ozeki S, Cheng J, Tauchi-Sato K, Hatano N, Taniguchi H, Fujimoto T (2005) Rab18 localizes to lipid droplets and induces their close apposition to the endoplasmic reticulum-derived membrane. J Cell Sci 118:2601–2611
Article 
    CAS 
    PubMed 
    
                    Google Scholar 
                

	Palacios L, Ochoa B, Jose Gomez-Lechon M, Vicente CJ, Fresnedo O (2006) Overexpression of SND p102, a rat homologue of p100 coactivator, promotes the secretion of lipoprotein phospholipids in primary hepatocytes. Biochim Biophys Acta 1761:698–708
CAS 
    PubMed 
    
                    Google Scholar 
                

	Paukku K, Yang J, Silvennoinen O (2003) Tudor and nuclease-like domains containing protein p100 function as coactivators for signal transducer and activator of transcription 5. Mol Endocrinol 17:1805–1814
Article 
    CAS 
    PubMed 
    
                    Google Scholar 
                

	Rinia HA, Burger KN, Bonn M, Muller M (2008) Quantitative label-free imaging of lipid composition and packing of individual cellular lipid droplets using multiplex CARS microscopy. Biophys J 95:4908–4914
Article 
    CAS 
    PubMed 
    
                    Google Scholar 
                

	Robenek H, Hofnagel O, Buers I, Robenek MJ, Troyer D, Severs NJ (2006) Adipophilin-enriched domains in the ER membrane are sites of lipid droplet biogenesis. J Cell Sci 119:4215–4224
Article 
    CAS 
    PubMed 
    
                    Google Scholar 
                

	Ruiz JI, Ochoa B (1997) Quantification in the subnanomolar range of phospholipids and neutral lipids by monodimensional thin-layer chromatography and image analysis. J Lipid Res 38:1482–1489
CAS 
    PubMed 
    
                    Google Scholar 
                

	Sakamoto K, Yamasaki Y, Kaneto H, Fujitani Y, Matsuoka T, Yoshioka R, Tagawa T, Matsuhisa M, Kajimoto Y, Hori M (1999) Identification of oxidative stress-regulated genes in rat aortic smooth muscle cells by suppression subtractive hybridization. FEBS Lett 461:47–51
Article 
    CAS 
    PubMed 
    
                    Google Scholar 
                

	Sami-Subbu R, Choi SB, Wu Y, Wang C, Okita TW (2001) Identification of a cytoskeleton-associated 120 kDa RNA-binding protein in developing rice seeds. Plant Mol Biol 46:79–88
Article 
    CAS 
    PubMed 
    
                    Google Scholar 
                

	Scadden AD (2005) The RISC subunit Tudor-SN binds to hyper-edited double-stranded RNA and promotes its cleavage. Nat Struct Mol Biol 12:489–496
Article 
    CAS 
    PubMed 
    
                    Google Scholar 
                

	Shaw N, Zhao M, Cheng C, Xu H, Saarikettu J, Li Y, Da Y, Yao Z, Silvennoinen O, Yang J, Liu ZJ, Wang BC, Rao Z (2007) The multifunctional human p100 protein “hooks” methylated ligands. Nat Struct Mol Biol 14:779–784
Article 
    CAS 
    PubMed 
    
                    Google Scholar 
                

	Tong X, Drapkin R, Yalamanchili R, Mosialos G, Kieff E (1995) The Epstein-Barr virus nuclear protein 2 acidic domain forms a complex with a novel cellular coactivator that can interact with TFIIE. Mol Cell Biol 15:4735–4744
CAS 
    PubMed 
    
                    Google Scholar 
                

	Trotter NL (1964) A fine structure study of lipid in mouse liver regenerating after partial hepatectomy. J Cell Biol 21:233–244
Article 
    CAS 
    PubMed 
    
                    Google Scholar 
                

	Tsuchiya N, Ochiai M, Nakashima K, Ubagai T, Sugimura T, Nakagama H (2007) SND1, a component of RNA-induced silencing complex, is up-regulated in human colon cancers and implicated in early stage colon carcinogenesis. Cancer Res 67:9568–9576
Article 
    CAS 
    PubMed 
    
                    Google Scholar 
                

	Umlauf E, Csaszar E, Moertelmaier M, Schuetz GJ, Parton RG, Prohaska R (2004) Association of stomatin with lipid bodies. J Biol Chem 279:23699–23709
Article 
    CAS 
    PubMed 
    
                    Google Scholar 
                

	Valineva T, Yang J, Palovuori R, Silvennoinen O (2005) The transcriptional co-activator protein p100 recruits histone acetyltransferase activity to STAT6 and mediates interaction between the CREB-binding protein and STAT6. J Biol Chem 280:14989–14996
Article 
    PubMed 
    
                    Google Scholar 
                

	Valineva T, Yang J, Silvennoinen O (2006) Characterization of RNA helicase A as component of STAT6-dependent enhanceosome. Nucl Acids Res 34:3938–3946
Article 
    PubMed 
    
                    Google Scholar 
                

	Waynforth HB, Fleccknell PA (1992) Experimental and surgical technique in the rat. Academic Press

	Welte MA (2007) Proteins under new management: lipid droplets deliver. Trends Cell Biol 17:363–369
Article 
    CAS 
    PubMed 
    
                    Google Scholar 
                

	Wolins NE, Brasaemle DL, Bickel PE (2006) A proposed model of fat packaging by exchangeable lipid droplet proteins. FEBS Lett 580:5484–5491
Article 
    CAS 
    PubMed 
    
                    Google Scholar 
                

	Yang J, Aittomaki S, Pesu M, Carter K, Saarinen J, Kalkkinen N, Kieff E, Silvennoinen O (2002) Identification of p100 as a coactivator for STAT6 that bridges STAT6 with RNA polymerase II. EMBO J 21:4950–4958
Article 
    CAS 
    PubMed 
    
                    Google Scholar 
                

	Yang J, Valineva T, Hong J, Bu T, Yao Z, Jensen ON, Frilander MJ, Silvennoinen O (2007) Transcriptional co-activator protein p100 interacts with snRNP proteins and facilitates the assembly of the spliceosome. Nucl Acids Res 35:4485–4494
Article 
    CAS 
    PubMed 
    
                    Google Scholar 
                

	Zhao CT, Shi KH, Su Y, Liang LY, Yan Y, Postlethwait J, Meng AM (2003) Two variants of zebrafish p100 are expressed during embryogenesis and regulated by nodal signaling. FEBS Lett 543:190–195
Article 
    CAS 
    PubMed 
    
                    Google Scholar 
                


Download references




Acknowledgments
The authors wish to thank C. Enrich for his contribution in the initial stage of this work and M. Busto for her excellent technical assistance. This research was supported by the Spanish Ministry of Education and Science (SAF2007-60211), Basque Government (PE06UN24 and IT-325-07) and the University of the Basque Country (15942/2004). Y.R. is recipient of a FPI fellowship from the Basque Government.


Author information
Authors and Affiliations
	Department of Physiology, Faculty of Medicine and Dentistry, University of the Basque Country, Leioa, Spain
I. Garcia-Arcos, Y. Rueda, P. González-Kother, L. Palacios, B. Ochoa & O. Fresnedo

	Science Faculty, Sma. Concepción Catholic University, Caupolicán, Chile
P. González-Kother

	Progenika Biopharma S.A., Bizkaia Technologic Park, Derio, Spain
L. Palacios


Authors	I. Garcia-ArcosView author publications
You can also search for this author in
                        PubMed Google Scholar



	Y. RuedaView author publications
You can also search for this author in
                        PubMed Google Scholar



	P. González-KotherView author publications
You can also search for this author in
                        PubMed Google Scholar



	L. PalaciosView author publications
You can also search for this author in
                        PubMed Google Scholar



	B. OchoaView author publications
You can also search for this author in
                        PubMed Google Scholar



	O. FresnedoView author publications
You can also search for this author in
                        PubMed Google Scholar





Corresponding author
Correspondence to
                B. Ochoa.


Rights and permissions
Reprints and permissions


About this article
Cite this article
Garcia-Arcos, I., Rueda, Y., González-Kother, P. et al. Association of SND1 protein to low density lipid droplets in liver steatosis.
                    J Physiol Biochem 66, 73–83 (2010). https://doi.org/10.1007/s13105-010-0011-0
Download citation
	Received: 02 July 2009

	Accepted: 03 November 2009

	Published: 23 April 2010

	Issue Date: March 2010

	DOI: https://doi.org/10.1007/s13105-010-0011-0


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
	SND p102
	SND1
	Lipid droplets
	Hepatocytes
	Hepatic steatosis








                    
                

            

            
                
                    

                    
                        
                            
    

                        

                    

                    
                        
                    


                    
                        
                            
                                
                            

                            
                                
                                    
                                        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
						
						
					


		
	
	
		
			
				
					
					54.224.52.210
				

				Not affiliated

			

		
	
	
		
			[image: Springer Nature]
		
	
	© 2024 Springer Nature




	






    