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                                                                                                                        Abstract

                                                            Heme-oxygenase 1 is an endoplasmic reticulum-anchored enzyme that breaks down heme into iron, carbon monoxide and biliverdin. Heme is a hydrophobic co-factor in many proteins, including hemoglobin. Free heme is highly cytotoxic and, therefore, both heme synthesis and breakdown are tightly regulated. During turnover of heme proteins, heme is released in the phago-lysosomal compartment or the cytosol. The subcellular location of the heme-oxygenase 1 active site has not been clarified. Using constructs of heme-oxygenase 1 with fluorescent proteins, and the endogenous heme-oxygenase 1 in two variations of protease protection assays, we determined that heme-oxygenase 1 is membrane-bound and faces the cytosol in non-activated macrophages in vivo. These findings imply that in quiescent macrophages, heme breakdown products are generated in the cytosol. This facilitates iron recycling to ferroportin for iron export and to ferritin for iron storage.
                                                            
                                                            Introduction
Heme is a highly hydrophobic molecule embedded in heme proteins and is used as a carrier and sensor of gases, as an electron donor and acceptor, and as a catalyst in many enzymatic reactions.1 When released from hemoproteins, heme is degraded by heme-oxygenase (HO)1 or HO2. The subcellular location of heme protein degradation is not uniform. Nitric oxide synthase is digested by the proteasome and therefore its heme is released to the cytosol2 while other heme proteins, such as hemoglobin, catalase and all the mitochondrial heme proteins release their heme into membranebound vesicles of the phago-endo-lysosomal system.3
HO1 and HO2 break down heme into iron, carbon monoxide (CO) and biliverdin, and this pathway is the main physiological heme degradation system.4 Approximately 85% of all heme degraded in mammals comes from hemoglobin.5 The fact that most heme targeted for breakdown is released in membrane-bound compartments implies that heme needs to be transported to the site of its degradation or the enzyme needs to be recruited to the site of heme release.
In recent years, several heme transporters have been cloned, including the heme importer HRG-1.6 HRG-1 is expressed in the endo-lysosomal system7 and is, therefore, a good candidate to transport heme released from hemoglobin to the cytosolic compartment. But little is known about the chaperones that can transport hydrophobic heme through the aqueous cytosol, and a full pathway for heme transport from the phagosome to the endoplasmic reticulum (ER)-bound HO1 still needs to be clarified.
The HOs have a single C-terminal transmembrane region8 and are considered ER-anchored9 due to their enrichment in microsomal fractions. HOs have no ER targeting sequence, and membrane anchoring can occur spontaneously into microsomal membranes but not into RBC membranes.10 Studying microsomal rat liver fractions, it was suggested that the orientation of HO is not towards the microsomal lumen, as the major soluble (N-terminal) part was cleavable by trypsin from the microsomal fraction in vitro.10 However, the orientation of HO has never been studied in intact cells.
The fluorescence protease protection assay (FPP)11 and Western blotting were used to determine the subcellular localization and orientation of HO1 in vivo. The plasma membranes of cells expressing various conjugates of HO1 with fluorescent proteins were selectively permeabilized by digitonin in vivo and cytosolic soluble proteins leaked from these cells. Addition of protease-digested membrane-bound proteins abolished the fluorescence of the construct when the fluorescent protein was facing the cytosol. Fluorescence was protected in constructs where the fluorescent protein faced the lumen of a subcellular compartment. The cytosolic orientation of HO1 was determined with this method and confirmed by Western blot.
Design and Methods
Cloning of HO1-GFP, GFP-HO1 and CFP-HO1-GFP
Enhanced (E)-GFP and E-CFP was used for all cloning and is referred to as GFP and CFP, respectively. All GFP and CFP plasmids were a kind gift from Dr. Jennifer Lippincot-Schwartz (National Institutes of Health, USA). HO1 (EST; GenBank AA080006; IMAGE clone ID 536616) was obtained from the IMAGE Consortium through the American Type Culture Collection (ATCC). Details about the cloning procedure are described in the Online Supplementary Appendix.
Cell culture and transfection
J774.1 and RAW 264.7 cells were cultured at 37°C, 5% CO2 and 95% humidity in RPMI 1640 medium (SIGMA) supplemented with 10% fetal bovine serum, 100 U/mL penicillin, 100 μg/mL streptomycin and 2 mM glutamine (Biological Industries, Beit Ha'emek, Israel). J774.1 cells were grown to 50-70% confluency and transfected using the GeneJammer transfection reagent (Stratagene) according to the manufacturer's protocol. RAW cells were transfected by electroporation (Online Supplementary Appendix).
Immunofluorescence
Cells were grown on glass coverslips, fixed in 4% paraformaldehyde in PBS and labeled with anti HO1-(SPA-895 Stressgen) or anti Calnexin-antibody (SC 6465-R, Santa Cruz) (diluted 1:250 and 1:100, respectively, in 0.1% BSA and 10% FCS in PBS). Secondary antibody, Alexa chicken anti rabbit 647 (Invitrogen), was diluted 1:1000 in PBS with 0.1% BSA. Negative control tests were performed with secondary antibodies only.
Fluorescence protease protection (FPP) assay
Protein localization was determined by the FPP assay.11,12 All incubations and washes were carried out in KHM-buffer (20 mM Hepes, 110 mM potassium-acetate and 2 mM MgCl, pH 7.3). The minimal effective digitonin concentration for plasma membrane permeabilization was determined for J774.1 and RAW264.7 cells expressing cytosolic soluble GFP, testing a range of 20-200 μM digitonin. Between 4-5×10 cells were incubated in 500 μL KHM with digitonin. Optimal digitonin concentration allowing permeabilization of the plasma membrane without affecting intracellular membranes was 60 μM for J774.1 and 140 μM for RAW264.7 cells. Cells were washed with KHM-buffer, incubated with 1.75 U/mL Proteinase-K for 90 s and washed again with KHM buffer.
Western blot
Cell pellets were lysed using Triton-lysis buffer: 10 mM Tris-HCl pH 7.5, 150 mM NaCl, 1% Triton-X-100 and protease inhibitor cocktail (Complete™ without EDTA, Roche). Of the postnuclear fraction, lysates originating from equal amounts of cells were separated by 14% SDS-PAGE as described.13 Anti-GFP (Santa Cruz) 1:1000 and anti HO1 1:1000 were used.
Image visualization
Imaging and analysis were carried out on a Zeiss LSM 700 laser scanning confocal microscope and a Nikon eclipse 55i microscope.
Results and Discussion
To study the orientation of HO1 in the ER membrane, three fluorescent HO1 constructs, GFP-HO1, HO1-GFP and CFP-HO1-GFP were engineered (Figure 1A and E). To determine if the GFP constructs are localized to the ER-like endogenous HO1, the fusion constructs were transfected to J774.1 cells and co-localized with the ER protein Calnexin (Figure 1B). Also, the cellular distribution of the constructs appeared identical to endogenous HO1 (Figure 1B). In addition, we demonstrated that the constructs were membrane-bound just like endogenous HO1 by permeabilizing transfected cells with digitonin. Cells transfected with an unconjugated GFP construct, which is a soluble cytosolic protein, lost most of their fluorescence within 60 s of digitonin permeabilization (data not shown). In contrast, the fluorescence in the GFPHO1 (Figure 1C) and in the HO1-GFP (data not shown) expressing cells was not affected by permeabilization. Detection of the fluorescent GFP signal throughout this experiment also provided a control to ensure that the loss of fluorescent signals in later experiments was not caused by photobleaching.
[image: ]

Figure 1.Constructs of Heme-oxygenase 1 (HO1) conjugated with green and cyan fluorescent protein (GFP and CFP) mimic endogenous HO1 localization and are used in a fluorescent protein protection (FPP) assay to clarify the orientation of HO1 on the endoplasmic reticulum (ER) membrane. (A) GFPConstructs: Cartoon of constructs of GFP conjugated with HO1 and their hypothetical orientation in the ER membrane. The HO1-GFP construct contains a 9 amino-acid flexible linker. TM: C-terminal transmembrane region of HO1. (B) Subcellular localization of constructs: GFP-HO1 and HO1-GFP colocalize with the ER marker Calnexin. Endogenous HO1, GFP-HO1 and HO1-GFP show a similar cellular distribution. Immunofluorescence of Calnexin was performed in J774.1 cells transfected with GFPHO1 or HO1-GFP as indicated and endogenous HO1 was visualized in non-transfected J774.1 cells. (C) The GFP-HO1 construct is stable and membrane bound: J774.1 cells transfected with GFP-HO1 were permeabilized with 60 μM digitonin and fluorescence was followed for 300 s. GFP-HO1 was not leaking after digitonin treatment and is, therefore, membrane bound and its fluorescence was not significantly photo-bleached for the duration of the assay. (D) GFP conjugated to the HO1 N-terminus faces the cytosol and GFP conjugated to the HO1 C-terminus faces a protected compartment: J774.1 cells transfected with GFP-HO1 or HO1-GFP as indicated were subjected to the FPP assay. Permeabilization with 60 μM digitonin was followed by Proteinase-K treatment, and the cells were imaged before addition of digitonin (Pre) and at indicated times after addition of Proteinase-K. (E) CFP-HO1-GFP construct supports finding that HO1 faces the cytosol: J774.1 cells transfected with a CFP-HO1-GFP were subjected to the FPP assay. Permeabilization with 60 μM digitonin was followed by Proteinase-K treatment, and cells were imaged before and after addition of Proteinase-K.
We used the FPP assay11 to determine the orientation of HO1 in the ER membrane. Following permeabilization with digitonin and addition of Proteinase-K to the cell cultures in vivo, the fluorescence from the GFP-HO1 construct quickly decreased from 100% to 3±2% in 30 s (Figure 1D and Online Supplementary Figure S1), suggesting that the GFP moiety on the HO1 faces the cytoplasm and is accessible to Proteinase-K. In contrast, there was no change in fluorescence associated with HO1-GFP during the Proteinase-K treatment (Figure 1D) (decrease from 100% to 94±10% in 30 s), suggesting that the GFP of this construct faces the ER lumen where it is protected from the protease. To further support our findings, we also examined a CFP-HO1-GFP construct and found that the CFP degraded upon permeabilization while the GFP remained protected from the Proteinase-K (Figure 1E). According to these experiments, the active site of the enzyme is facing the cytosol. Similar experiments were also carried out with the macrophage cell-line RAW 264.7 and the same results were obtained (data not shown).
We corroborated these results with a biochemical protease protection (BPP) assay, analyzing native and transfected J774.1 cells after permeabilization and protease digestion by Western blot using anti-GFP and anti-HO1 antibodies. GFP has a molecular mass of 30 kD and that of endogenous HO1 is 32 kD; therefore, the molecular mass of the constructs is 62 kD. From the BPP assay, we concluded that the HO1-moiety of the HO1-GFP construct was cytosolic as it was digested in permeabilized cells that had been treated with Proteinase-K, while the GFP moiety was protected from Proteinase-K digest and was, therefore, located inside the ER membrane (Figure 2A). In contrast, in the GFP-HO1 construct, the GFP moiety is facing the cytosol and, after addition of digitonin and Proteinase-K, both GFP and HO1 were digested (Figure 2A). Endogenous HO1 in native J774.1 cells was also digested by Proteinase-K following digitonin permeabilization (Figure 2B). Taken together, the results obtained from both the FPP and BPP showed that both constructs are localized in a membrane compartment, most likely the ER, and that the active site of HO1 is facing the cytosol.
[image: ]

Figure 2.Western blot analysis of HO1 and GFP after a protease protection assay confirms the cytosolic orientation of endogenous HO1 and HO1 in both GFP constructs. (A) J774.1 cells transfected with GFP-HO1 or HO1-GFP as indicated, were subjected to 60 μM digitonin and 1.75 U/mL Proteinase-K. (Upper panel) Western blot of GFP demonstrates the complete digestion of the GFP-HO1 construct and the selective digestion of the unprotected HO1 in the HO1-GFP construct. (Lower panel) Western blot of HO1 on the same samples as in (A) demonstrates the complete digestion of HO1 of both constructs and endogenous HO1. (B) Non-transfected J774.1 cells were permeabilized with 60μM digitonin for 180 s followed by a Proteinase-K (1.75 U/mL) digest for 90 s. Following permeabilization and Proteinase-K treatment, Western blot of HO1 demonstrates complete digest of HO1.
HO1 activity depends on its association with the ERanchored NADPH-cytochrome c reductase (CPR)14 that donates electrons to HO1 and to the many ER membraneassociated cytochrome p450s. CPR was shown to face the cytosol15,16 and many cytochrome p450s were found on ER membranes facing the cytosol as well. This suggested that HO1 would have to face the cytosol to have direct access to its electron donor CPR. However, a cytochrome p450 was recently identified that faces the ER lumen and maintains enzymatic activity, suggesting that electron transfer from CPR can take place to either side of the ER membrane. 17 In addition to CPR, also biliverdin reductase (BVR), the enzyme that catalyzes the formation of bilirubin. from biliverdin, is associated to HO1, and BVR is a soluble cytosolic protein. Therefore, the subcellular location of BVR and its association with HO1 is coherent with our finding of the cytosolic orientation of HO1.
HO1 has no leader-sequence for ER targeting and is localized mainly to the smooth and not the rough ER, indicating that it may be inserted post-translationally into the ER. The C-terminal transmembrane region contains 18 hydrophobic amino acids suggesting that HO1 is a tail-anchored (TA) protein. The fact that none of the GFP conjugates leaked from permeabilized cells indicated that they were membrane-bound. ER membrane anchoring is either spontaneous or may be facilitated by the GET complex or other proteins that facilitate TA insertion.18 HO1 easily integrates into microsomal membranes in vitro, which may suggest that it is not depending on the GET complex or other cytosolic proteins for membrane insertion.
Spontaneous TA protein insertion may take place by binding of the protein to the water-bilayer interface and integration into the hydrocarbon region of the bilayer or by association of the TA protein with a non-polar region of a potential polytopic membrane protein that facilitates insertion.19,20 Interestingly HO1 is hardly recruited to RBC membranes,10 which may indicate the absence of such a membrane protein in red blood cells. It is likely that the GFP-HO1 construct is inserted with the same mechanism as the endogenous HO1 protein, because their C-terminal tails are identical. In contrast, the HO1-GFP and CFPHO1-GFP construct depended on the addition of a flexible linker between the HO1 C-terminus and the GFP to be expressed and targeted to the ER membrane. The GFPs of these constructs are inserted into the ER-lumen and are protected in the protease-treated cells, although the mechanism of this insertion is not clear.
Heme is an essential molecule in most organisms. It is integrated into heme proteins as a functional moiety and is involved in many cellular processes. Very little is known about mammal heme chaperones involved in the transport of the highly hydrophobic heme from the site of its synthesis to the apoproteins that bind it, and from the degrading heme-proteins to the HOs. The source of heme for degradation by HO1 is likely exclusively from degrading heme-proteins.21 Whether heme is transported to its degradation site or HO can traffic to another subcellular location in response to cellular stress is still not clear. So far, two examples of HO1 trafficking have been described. A soluble truncated HO1 can traffic to the nucleus22 and HO1 is recruited to caveolae in pulmonary artery endothelial cells23 and in macrophages after LPS stimulation where the released CO is involved in reducing inflammation.24 HO1 trafficking after erythrophagocytosis is currently under investigation in our laboratory, and the discovery of the cytosolic orientation of the active site is an important piece in the puzzle of cellular HO1 trafficking.
Acknowledgments
the authors would like to thank Prof. A.M. Konijn, Hebrew University of Jerusalem, for critical reading of the manuscript and the LS&E Infrastructure Unit of the Technion-Israel Institute of Technology, in particular Dr. Nitsan Dahan for outstanding technical support.
Funding: this work was supported by a research grant from Roche Foundation for Anemia Research (RoFAR) to EGM-H.
Footnotes
	
The online version of this article has a Supplementary Appendix.
	
Authorship and Disclosures: The information provided by the authors about contributions from persons listed as authors and in acknowledgments is available with the full text of this paper at www.haematologica.org.
Financial and other disclosures provided by the authors using the ICMJE (www.icmje.org) Uniform Format for Disclosure of Competing Interests are also available at www.haematologica.org.

	Received February 2, 2012.
	Revision received February 23, 2012.
	Accepted February 27, 2012.

References
	Smith LJ, Kahraman A, Thornton JM. Heme proteins--diversity in structural characteristics, function, and folding. Proteins. 2010; 78(10):2349-68. PubMedhttps://doi.org/10.1002/prot.22747Google Scholar

	Jin HK, Ahn SH, Yoon JW, Park JW, Lee EK, Yoo JS. Rapamycin down-regulates inducible nitric oxide synthase by inducing proteasomal degradation. Biol Pharm Bull. 2009; 32(6):988-92. PubMedhttps://doi.org/10.1248/bpb.32.988Google Scholar

	Yu L, Wan F, Dutta S, Welsh S, Liu Z, Freundt E. Autophagic programmed cell death by selective catalase degradation. Proc Natl Acad Sci USA. 2006; 103(13):4952-7. PubMedhttps://doi.org/10.1073/pnas.0511288103Google Scholar

	Maines MD. Heme oxygenase: function, multiplicity, regulatory mechanisms, and clinical applications. Faseb J. 1988; 2(10):2557-68. PubMedGoogle Scholar

	Delanghe JR, Langlois MR. Haptoglobin polymorphism and body iron stores. Clin Chem Lab Med. 2002; 40(3):212-6. PubMedhttps://doi.org/10.1515/CCLM.2002.035Google Scholar

	Rajagopal A, Rao AU, Amigo J, Tian M, Upadhyay SK, Hall C. Haem homeostasis is regulated by the conserved and concerted functions of HRG-1 proteins. Nature. 2008; 453(7198):1127-31. PubMedhttps://doi.org/10.1038/nature06934Google Scholar

	Yanatori I, Tabuchi M, Kawai Y, Yasui Y, Akagi R, Kishi F. Heme and non-heme iron transporters in non-polarized and polarized cells. BMC Cell Biol. 2010; 11:39. PubMedhttps://doi.org/10.1186/1471-2121-11-39Google Scholar

	Shibahara S, Muller R, Taguchi H, Yoshida T. Cloning and expression of cDNA for rat heme oxygenase. Proc Natl Acad Sci USA. 1985; 82(23):7865-9. PubMedhttps://doi.org/10.1073/pnas.82.23.7865Google Scholar

	Tenhunen R, Marver HS, Schmid R. Microsomal heme oxygenase. Characterization of the enzyme. J Biol Chem. 1969; 244(23):6388-94. PubMedGoogle Scholar

	Yoshida T, Sato M. Posttranslational and direct integration of heme oxygenase into microsomes. Biochem Biophys Res Commun. 1989; 163(2):1086-92. PubMedhttps://doi.org/10.1016/0006-291X(89)92332-2Google Scholar

	Lorenz H, Hailey DW, Lippincott-Schwartz J. Fluorescence protease protection of GFP chimeras to reveal protein topology and subcellular localization. Nat Methods. 2006; 3(3):205-10. PubMedhttps://doi.org/10.1038/nmeth857Google Scholar

	Lorenz H, Hailey DW, Wunder C, Lippincott-Schwartz J. The fluorescence protease protection (FPP) assay to determine protein localization and membrane topology. Nat Protoc. 2006; 1(1):276-9. PubMedhttps://doi.org/10.1038/nprot.2006.42Google Scholar

	Cohen LA, Gutierrez L, Weiss A, Leichtmann-Bardoogo Y, Zhang DL, Crooks DR. Serum ferritin is derived primarily from macrophages through a nonclassical secretory pathway. Blood. 2010; 116(9):1574-84. PubMedhttps://doi.org/10.1182/blood-2009-11-253815Google Scholar

	Schacter BA, Nelson EB, Marver HS, Masters BS. Immunochemical evidence for an association of heme oxygenase with the microsomal electron transport system. J Biol Chem. 1972; 247(11):3601-7. PubMedGoogle Scholar

	Kargel E, Menzel R, Honeck H, Vogel F, Bohmer A, Schunck WH. Candida maltosa NADPH-cytochrome P450 reductase: cloning of a full-length cDNA, heterologous expression in Saccharomyces cerevisiae and function of the N-terminal region for membrane anchoring and proliferation of the endoplasmic reticulum. Yeast. 1996; 12(4):333-48. PubMedhttps://doi.org/10.1002/(SICI)1097-0061(19960330)12:4<333::AID-YEA915>3.0.CO;2-CGoogle Scholar

	Kida Y, Ohgiya S, Mihara K, Sakaguchi M. Membrane topology of NADPHcytochrome P450 reductase on the endoplasmic reticulum. Arch Biochem Biophys. 1998; 351(2):175-9. PubMedhttps://doi.org/10.1006/abbi.1997.0553Google Scholar

	Gomez A, Nekvindova J, Travica S, Lee MY, Johansson I, Edler D. Colorectal cancerspecific cytochrome P450 2W1: intracellular localization, glycosylation, and catalytic activity. Mol Pharmacol. 2010; 78(6):1004-11. PubMedhttps://doi.org/10.1124/mol.110.067652Google Scholar

	Schuldiner M, Metz J, Schmid V, Denic V, Rakwalska M, Schmitt HD. The GET complex mediates insertion of tail-anchored proteins into the ER membrane. Cell. 2008; 134(4):634-45. PubMedhttps://doi.org/10.1016/j.cell.2008.06.025Google Scholar

	Brodsky JL. The special delivery of a tailanchored protein: why it pays to use a dedicated courier. Mol Cell. 2010; 40(1):5-7. PubMedhttps://doi.org/10.1016/j.molcel.2010.09.016Google Scholar

	Renthal R. Helix insertion into bilayers and the evolution of membrane proteins. Cell Mol Life Sci. 2010; 67(7):1077-88. PubMedhttps://doi.org/10.1007/s00018-009-0234-9Google Scholar

	Ponka P. Cell biology of heme. Am J Med Sci. 1999; 318(4):241-56. PubMedhttps://doi.org/10.1097/00000441-199910000-00004Google Scholar

	Lin Q, Weis S, Yang G, Weng YH, Helston R, Rish K. Heme oxygenase-1 protein localizes to the nucleus and activates transcription factors important in oxidative stress. J Biol Chem. 2007; 282(28):20621-33. PubMedhttps://doi.org/10.1074/jbc.M607954200Google Scholar

	Kim HP, Wang X, Galbiati F, Ryter SW, Choi AM. Caveolae compartmentalization of heme oxygenase-1 in endothelial cells. FASEB J. 2004; 18(10):1080-9. PubMedhttps://doi.org/10.1096/fj.03-1391comGoogle Scholar

	Wang XM, Kim HP, Nakahira K, Ryter SW, Choi AM. The heme oxygenase-1/carbon monoxide pathway suppresses TLR4 signaling by regulating the interaction of TLR4 with caveolin-1. J Immunol. 2009; 182(6):3809-18. PubMedhttps://doi.org/10.4049/jimmunol.0712437Google Scholar




                                                        

                                                    

                                                    
                                                        


                                                                                                                                                                        


                                                                                                                                                                                    
                                                                Data Supplements
                                                                    
	    


            

    
        2011_063651-Contributions.pdf


	    


            

    
        2011_063651-Disclosures.pdf




                                                            

                                                                                                                    

                                                                                                                
                                                            Figures & Tables
                                                        



                                                    

                                                    
                                                        
                                                            Article Information

                                                              



                                                                                                                        
                                                                
                                                                                                                                        
                                                                                                                                                    Vol. 97 No. 10 (2012): October, 2012 : Articles
                                                                                                                                                

                                                                





                                                                
                                                                
                                                                    
                                                                         
                                                                    

                                                                

                                                                                                                                                                                                
                                                                                                                                         
                                                                        DOI
                                                                    

                                                                    
                                                                    
                                                                        
                                                                                                                                                                                                                                    https://doi.org/10.3324/haematol.2012.063651
                                                                        


                                                                                                                                            

                                                                                                                                    

                                                            

                                                            
                                                                                                                        
                                                            

                                                                                                                        
                                                                
                                                                    Pubmed
                                                                

                                                                
                                                                    
                                                                        22419571
                                                                    
                                                                

                                                            

                                                                                                                                                                                    
                                                                
                                                                    Pubmed Central
                                                                

                                                                
                                                                    
                                                                        PMC3487549
                                                                    
                                                                

                                                            

                                                                                                                        
                                                                
                                                                     
                                                                

                                                            

                                                                                                                        
                                                                
                                                                    Published
                                                                

                                                                
                                                                    2012-10-01
                                                                

                                                            

                                                                                                                        
                                                            
                                                                
                                                                    
                                                                        Published By
                                                                    


                                                                    
                                                                        Ferrata Storti Foundation, Pavia, Italy
                                                                    

                                                                


                                                                
                                                                    
                                                                        Print ISSN
                                                                    

                                                                    
                                                                        0390-6078
                                                                    

                                                                

                                                                
                                                                    
                                                                        Online ISSN
                                                                    

                                                                    
                                                                        1592-8721
                                                                    

                                                                

                                                                
                                                                    
                                                                         
                                                                    

                                                                

                                                            

                                                        




                                                                                                                
                                                                                                                                                                                    



                                                                                                                        
                                                                Article Usage

                                                            

                                                            


    
        Online Views

        952

    

    
        PDF Downloads

        245

    





    
    



            

        Statistics from Altmetric.com



        
            
                No Data
            

        





    

    





                                                            

                                                        

                                                    


                                                

                                                                                                
                                                    
                                                        
    	
            
                
            
        
	
                            
    

        



            
    
    
    
    
                        
	
            
                
            
        
	

            
                
            
        
	
        
        
    


                    



                                                    

                                                

                                            

                                        

                                                                                



                                            
                                                
                                                                                    
                    
                    
                        
                    

                
                                                


                                                
                                                                                    
                    
                        
                        
                            
                        

                    

                
                                                


                                                
                                                    
                                                                                                            
                                                
                                                
                                                                                                        
                                                




                                            


                                        

                                                                        

                            

                            
    
        
            
                How to Cite

                
                    ×
                
            

            
    
        
                        
            
                
                    
  1. 
Yehonatan Gottlieb, Marianna Truman, Lyora A. Cohen, Yael Leichtmann-Bardoogo, Esther G. Meyron-Holtz. Endoplasmic reticulum anchored heme-oxygenase 1 faces the cytosol. Haematologica 2012;97(10):1489-1493; https://doi.org/10.3324/haematol.2012.063651.





                

                

                
                
  Copy Citation
  
  

                
                

                
                Choose Citation Format
                


                                        
                        	
                                
                                    Chicago
                                
                            
	
                                
                                    Harvard
                                
                            
	
                                
                                    Vancouver
                                
                            
	
                                
                                    Haematologica
                                
                            


                                                
                            Download Citation

                        

                        	
                                
                                    
                                    Endnote/Zotero/Mendeley (RIS)
                                
                            
	
                                
                                    
                                    BibTeX
                                
                            


                                            

                

            

        

    

    
            

        

    


                            
    
        
            
                Share Article

                
                    ×
                
            

            
                
                

                    
                        
                        
                            
                                Copy URL
                            
                        
                    

                

                
                
         

           
                

            

        

    



                                                                    
    
        
            
                Request Permissions

                
                    ×
                
            

            
                
                
                    To create an adaptation, translation, or derivative of the
                        original work, for commercial e-prints and printed articles further permission is
                        required.
 For
                        information contact: marketing@haematologica.org


                                        
                    Other types of copyright management, can be agreed with the Editorial office.



                

            

        

    


            
                        
    


 







  










    
        
            

            				
                                                                    
                                
					
Navigate

	Home
	Current issue
	Early view
	Archive
	About Haematologica
	Editorial Team
	Our policies





For Authors

	Author Guidelines
	Submit Manuscript
	Track Manuscript


For Reviewers

	Reviewer Guidelines
	Access Your Profile
	Access Your Tasks





For Advertisers

	Informations For Advertising


Education

	Review Articles
	Guidelines Articles


Privacy

	Cookie Policy
	Newsletter Privacy Policy
	Privacy Policy





More

	Rights & Permissions


	Web design
	Development



                                
                                    
                                
                                
                                
                                
                                
                                    
                                
                                


Copyright © 2023 by the Ferrata Storti Foundation | Web design ￫ | Development ￫


ISSN 0390-6078 print | ISSN 1592-8721 online
 





				

			                        

        

    

   
















 

