
SUPPLEMENTAL METHODS

Plasmids and DNA cloning
The following mammalian cell culture reporters or protein expression plasmids were described elsewhere: pcDNA4-NRL (Mitton et al., 2003); pEF-Nrf-2 (Alam et al., 1999);  pKSV-c-Jun (Morlon and Sassone-Corsi, 2003); pKSV-v-Jun (Bos et al., 1988); pNE(CAAT)-Luciferase (CAAT response element; Murine Neutrophil elastase 5’ flanking region), pMSV-C/EBP( and pMSV-C/EBP( (Oelgeschlager et al., 1996); pcDNA3.1-C/EBP( (Miller et al., 2003); pCRE-Luciferase (CREB response element; synthetic binding site), pCMV-CHOP, pcDNA3-HBZ and pCI-ATF-4 (Gachon et al., 2001; Basbous et al., 2003); pAP-1-Luciferase (AP-1 response element; 4 oligomerized synthetic binding sites), pCEFL-HA-JNK(Bsk), pCEFL-HA-JNKK(Hep), pCEFL-HA-DJun and pCEFL-HA-DFos (Chen et al., 2002); pKSV-EB1, pKSV-EB1-JunBasic, pKSV-EB1-JunA and pKSV-EB1-JunB (Giot et al., 1991); pBHLF-1-Luciferase (EB1 response element; BHLF-1 promoter) (Deng et al., 2003); pCMV-Flag-ATF-1 (Gupta and Prywes, 2002); pcDNA3-HA-PKA vector (gift from S.S. Taylor, University of California, San Diego); pCMV-NLS-pX and pCMV-SLN-pX (Williams and Andrisani, 1995); GST-MBF1 and pCMX-MBF1 (Brendel et al., 2002); pCollagenase(AP-1 reporter)-Luciferase (Basbous et al., 2003); pAtrial Natriuretic Peptide (AP-1 reporter)-Luciferase (Busk et al., 2003); pcDNA3-cJun-C/EBP( (Bitomsky et al., 2004); pCMV-EB1-cFosBasi (Kolman et al., 1996); pcDNA3-HBO1 (Sharma et al., 2000); and the different GST-fusion deletion bacterial constructs of c-Jun (Kim et al., 2003; Lively et al., 2004). Expression vectors for Chm in mammalian cells (pXJ-Chm and pXJ-Flag-Chm) and bacteria (pQE-ChmCter, amino acids 494 to 812 and pQE-ChmNter, amino acid 20 to 400) have also been described (Miotto et al., 2006).


DJun and EB1 variants were made using the overlap extension (SOE) procedure (Horton et al., 1989). The sequences of primers used to generate DJun variants are as followed: GTGCCGCAAGAAGAAGCTGGAGG and CTCCAGCTTCTTCTTGCGGCAC for introduction of the Arg232 to Lys mutation; GTGCCGCAAGGCCAAGCTGGAGG and CCTCCAGCTTGGCCTTGCGGCAC for introduction of the Arg232 to Ala mutation; GCAAGCTGGATCGCATCTCAAAG and CTTTGAGATGCGATCCTGCTTGC for introduction of the Glu235 to Asp mutation; GCA AGCTGGCGCGCATCTCACCAG and CTGGTGAGATGCGCGCCAGCTTGC for introduction of Glu235 to Ala mutation and primers TTTTTCTCGAGAAAACCCCCGTTTCCGCTG and TTTTTCTCGAGCGGCACCGTGCAGCCCG for amplification of the complete cDNA and introduction of XhoI restriction sites (underlined nucleotides) to subsequent cloning into the expression pXJ40-Flag vector. The sequences of primers used to generate EB1 variants are as followed: ATGCCGGGCCAGGTTTAAGC and GCTTAAACCTGGCCCGGCAT for introduction of the Lys194 to Arg mutation (R1); AGCGATACAGGAATCGGGTG and CACCCGATTCCTGTATCGCT for introduction of the Lys181 to Arg mutation (R2) and primers TTTTTGAATTCATGTACCCATAGGACGTCCCAGACTACGCTTCGGTGAAGATGAGGACC and TTTTTGAATTCGAAGCAGGCGTGGT for amplification of the complete cDNA (EB1 or EB1-JunB) and introduction of EcoRI restriction sites (underlined nucleotides) and the HA-tag to subsequent insertion into vector pKSV EcoRI-digested. The orientation and sequence of all constructs were verified by DNA sequencing.

Cell culture and transient transfection assays
The mammalian HEK293, NIH 3T3 and HeLa cell lines were grown in Dulbecco MEM medium supplemented with fetal bovine serum and penicillin/streptomycin antibiotics (Invitrogen-GibcoBRL).  For transient transfection experiments cells were plated at a density of 2x106 per well in 10cm tissue culture plates and transfected with the classical Ca3(PO4)2 precipitate technique as described (Haenlin et al., 1997). In addition to the expression vectors or gene reporters described in each figure, all transfections contained 1(g of the (-Galactosidase reporter CMV-(-Gal as an internal standard and the amount of DNA was scaled up to 10(g with pBluescript SK+ DNA carrier. The optimal concentration of expression factor vectors was experimentally determined for each case: 70ng for C/EBP(, 100ng for C/EBP(, 80ng for C/EBP(, 150ng for ATF-1, cJun-C/EBP(, and NRL, 500ng for ATF-4, 50ng for PKA, JNK, JNKK, DJun, DFos, c-Jun and the different variants of DJun, 250ng for Nrf2, EB-1 and its variants. In the case of the cooperation assays, pX, Chm/HBO1 and MBF1 expression vector concentrations were set up at 100ng, 150ng and 300ng respectively whereas Chm and MBF1 concentration were raised from 50 to 250ng or 200 to 400ng respectively. For analysis of the transactivation, the cells were recovered after scraping and centrifugation in cold PBS and lysed in 300(l of Lysis buffer (TrisPhosphate pH7.8 25mM, EDTA 2mM, DTT 1mM, Glycerol 10% and Triton X-100 1%) by three cycles of freeze thawing. For each transfection a 30(l sample was analyzed for (-Galactosidase activity and a 50(l volume assayed for firefly luciferase activity with a luminometer (Avoroskan Ascent F.L. from Thermo electron Corporation) and results reported as relative light units (R.L.U.). All experiments are done at least in triplicate; negative trans-activation results in HEK293 were also tested and confirmed in NIH 3T3 and HeLa cells (Supplementary Figure S6). PMA and Sorbitol were purchased from SIGMA, luciferin and X-Gal from Promega and H2O2 from Fisher Scientific.


To test the impact of MBF1, Chm and HBO1 on c-Jun and v-Jun activity under oxidative conditions, each transfection point was run in duplicate, 1 lot of cells left untreated and the second one challenged with 100(M H2O2 for 1 hour. Luciferase expression was then monitored by RT-PCR with primers GGAGGGAGAAGTATTAGTGTGGAA and AGCTCTCGGGCCATGTGA.  siRNA against MBF1 (Santa Cruz biotechnology), HBO1 (GGCUAAGCCAGAGUUCUCATT and UGAGAACUCUGGCUUAGCCTG; Ambion), and GFP (GCUGACCCUGAAGUUCAUC and GAUGAACUUCAGGGUCAGC (Gu and Rossi, 2005)) have been described previously.

GST pull down and in vivo immunoprecipitation assays
His-ChmCter and His-ChmNter were expressed in BL21 cells and purified on Ni2+-NTA beads using manufacturer conditions (Qiagen). Different GST-fusions of c-Jun and MBF1 were expressed in DH5( and purified on Glutathione agarose beads according to manufacturer procedure (Invitrogen). Radiolabeled proteins were produced with the TNT T7 Quick Coupled Transcription/Translation system (Promega) using plasmids mentioned above as cDNA matrix, except for DJun which cDNA was purchased from Berkeley Drosophila Genome Project (BDGP).


Interaction of GST-MBF1, His-ChmNter and His-ChmCter with the different radiolabeled bZIP factors was achieved by incubating half of each in vitro transcription/translation reaction with MBF1 or ChmCter (ChmNter) preformed beads aliquot for 2h at 4°C in binding buffer 50mM NaH2PO4, 20mM imidazole, 150mM NaCl (or 250mM). After extensive washing the proteins were recovered by boiling in Laemmli buffer and resolved by SDS-polyacrylamide gel electrophoresis. Interaction of His-ChmCter with GST fusion deletions of c-Jun was tested as described (Miotto et al., 2006) and proteins detected with antibodies against His-Tag (Santa Cruz Biotechnology) and GST-Tag (Pharmacia). All buffers are supplemented with ethidium bromide (1.2 g/ml) to avoid bZIP/DNA association.


In vivo immunoprecipitation assays were performed according to (Haenlin et al., 1997) with anti-HA sepharose or anti-Flag sepharose resins (Pharmacia) in binding buffer 150 mM KCl, 20 mM Tris-HCl (pH 7.5), 20% glycerol, 5 mM DTT complemented with antiprotease inhibitors. After electrophoresis, proteins of interest were detected with antibodies against Chm (kindly provided by J. Pradel), MBF1 (Kabe et al., 1999), HA-Tag and Flag-Tag (Sigma-Aldrich), and HBO1 (Santa Cruz Biotechnology).

 REFERENCES

Alam, J., Stewart, D., Touchard, C., Boinapally, S., Augustine, M.K. and Cook, J.L. (1999) Nrf2, a Cap-n-Collar transcription factor, regulates induction of the heme oxygenase-1 gene. J. Biol. Chem., 274, 26071-26078.

Basbous, J., Arpin, C., Gaudray, G., Piechaczyk, M., Devaux, C. and Mesnard, J.M. (2003) The HBZ factor of human T-cell leukemia virus type I dimerizes with transcription factors JunB and c-Jun and modulates their transcriptional activity. J. Biol. Chem., 278, 43620-43627.

Bitomsky, N., Bohm, M. and Klempnauer, K.H. (2004) Transformation suppressor protein Pdcd4 interferes with JNK-mediated phosphorylation of c-Jun and recruitment of the coactivator p300 by c-Jun. Oncogene, 23, 7484-7493.

Bos, T.J., Bohmann, D., Tsuchie, H., Tjian, R. and Vogt, P.K. (1988) v-jun encodes a nuclear protein with enhancer binding properties of AP-1. Cell, 52, 705-712.

Brendel, C., Gelman, L. and Auwerx, J. (2002) Multiprotein bridging factor-1 (MBF-1) is a cofactor for nuclear receptors that regulate lipid metabolism. Mol. Endocrinol., 16, 1367-1377.

Busk, P.K., Wulf-Andersen, L., Strom, C.C., Enevoldsen, M., Thirstrup, K., Haunso, S. and Sheikh, S.P. (2003) Multiprotein bridging factor 1 cooperates with c-Jun and is necessary for cardiac hypertrophy in vitro. Exp. Cell Res., 286, 102-114.

Chen, H.W., Marinissen, M.J., Oh, S.W., Chen, X., Melnick, M., Perrimon, N., Gutkind, J.S. and Hou, S.X. (2002) CKA, a novel multidomain protein, regulates the JUN N-terminal kinase signal transduction pathway in Drosophila. Mol. Cell. Biol., 22, 1792-1803.

Deng, Z., Chen, C.-J., Chamberlin, M., Lu, F., Blobel, G.A., Speicher, D., Cirillo, L.A., Zaret, K.S. and Lieberman, P.M. (2003) The CBP bromodomain and nucleosome targeting are required for Zta-directed nucleosome acetylation and transcription activation. Mol. Cell. Biol., 23, 2633-2644.

Gachon, F., Gaudray, G., Thebault, S., Basbous, J., Aman Koffi, J., Devaux, C. and Mesnard, J.-M. (2001) The cAMP response element binding protein-2 (CREB-2) can interact with the C/EBP-homologous protein (CHOP). FEBS Lett., 502.

Giot, J.-F., Mikaelian, I., Buisson, M., Manet, E., Jaob, I., Nicolas, J.-C. and Sergeant, A. (1991) Transcriptional interference between the EBV transcription factors EB1 and R : both DNA-binding and activation domains of EB1 are required. Nucl. Acids Res., 19, 1251-1258.

Gu, S. and Rossi, J.J. (2005) Uncoupling of RNAi from active translation in mammalian cells. RNA, 11, 38-44.

Gupta, P. and Prywes, R. (2002) ATF1 phosphorylation by the ERK MAPK pathway is required for epidermal growth factor-induced c-jun expression. J. Biol. Chem., 277, 50550-50556.

Haenlin, M., Cubadda, Y., Blondeau, F., Heitzler, P., Lutz, Y., Simpson, P. and Ramain, P. (1997) Transcriptional activity of pannier is regulated negatively by heterodimerization of the GATA DNA-binding domain with a cofactor encoded by the u-shaped gene of Drosophila. Genes Dev., 11, 3096-3108.

Horton, R.M., Hunt, H.D., Ho, S.N., Pullen, J.K. and Pease, L.R. (1989) Engineering hybrid genes without the use of restriction enzymes : gene splicing by overlap extension. Gene, 77, 61-68.

Kabe, Y., Goto, M., Shima, D., Imai, T., Wada, T., Morohashi, K., Shirakawa, M., Hirose, S. and Handa, H. (1999) The role of human MBF1 as a transcriptional coactivator. J. Biol. Chem., 274, 34196-34202.

Kim, J., Woolridge, S., Biffi, R., Borghi, E., Lassak, A., Ferrante, P., Amini, S., Khalili, K. and Safak, M. (2003) Members of the AP-1 family, c-Jun and c-Fos, functionally interact with JC virus early regulatory protein large T antigen. J. Virol., 77, 5241-5252.

Kolman, J.L., Taylor, N., Gradoville, L., Countryman, J. and Miller, G. (1996) Comparing transcriptional activation and autostimulation by ZEBRA and ZEBRA/c-Fos chimeras. J. Virol., 70, 1493-1504.

Lively, T.N., Nguyen, T.N., Galasinski, S.K. and Goodrich, J.A. (2004) The basic leucine zipper domain of c-Jun functions in transcriptional activation through interaction with the N terminus of human TATA-binding protein-associated factor-1 (human TAFII250). J. Biol. Chem., 279, 26257-26265.

Miller, M., Shuman, J.D., Sebastian, T., Dauter, Z. and Johnson, P.F. (2003) Structural basis for DNA recognition by the basic region leucine zipper transcription factor CCAAT/Enhancer-binding protein alpha. J. Biol. Chem., 278, 15178-15184.

Miotto, B., Sagnier, T., Berenger, H., Bohmann, D., Pradel, J. and Graba, Y. (2006) Chameau HAT and DRpd3 HDAC function as antagonistic cofactors of JNK/AP-1 dependent transcription during Drosophila metamorphosis. Genes & Dev., 20, 101-112.

Mitton, K.P., Swain, P.K., Khanna, H., Dowd, M., Apel, I.J. and Swaroop, A. (2003) Interaction of retinal bZIP transcription factor NRL with Flt3-interacting zinc-finger protein Fiz-1 : possible role of Fiz-1 as a transcriptional repressor. Hum. Mol. Genet., 12, 363-373.

Morlon, A. and Sassone-Corsi, P. (2003) The LIM-only protein FHL2 is a serum-inducible transcriptional coactivator of AP-1. Proc. Natl. Acad. Sci. U.S.A., 100, 3977-3982.

Oelgeschlager, M., Nuchprayoon, I., Luscher, B. and Friedman, A.D. (1996) C/EBP, c-Myb, and PU.1 cooperate to regulate the neutrophil elastase promoter. Mol. Cell. Biol., 16, 4717-4725.

Sharma, M., Zarnegar, M., Li, X., Lim, B. and Sun, Z. (2000) Androgen receptor interacts with a novel MYST protein, HBO1. J. Biol. Chem., 275, 35200-35208.

Williams, J.S. and Andrisani, O.M. (1995) The hepatitis B virus X protein targets the basic region-leucing zipper domain of CREB. Proc. Natl. Acad. Sci. U.S.A., 92, 3819-3823.



8

