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LECTURE #9: TRANSCRIPTIONAL MODULATION BY SIGNALING PATHWAYS
Assigned (Required) Reading is (1) - (4):
*General Background (in your Reader):
(1) Mertens C, Darnell JE Jr (2007) SnapShot: JAK-STAT signaling. Cell 131: 612.
(2) Massague J, Gomis RR. (2006) The logic of TGFf signaling. FEBS Lett. 580: 2811-2820.

(3) Wu H, Peisley A, Graef IA, Crabtree GR (2007) NFAT signaling and the invention of vertebrates.
Trends Cell Biol. 17: 251-260.

ePaper for Discussion Session (14 Dec.):

(4) Dentin R, Liu Y, Koo SH, Hedrick S, Vargas T, Heredia J, Yates J 3rd, Montminy M (2007)
Insulin modulates gluconeogenesis by inhibition of the coactivator TORC2. Nature 449: 366-369.

General Background:

Gardner KH, Montminy M (2005) Regulating transcriptional activators by phosphorylation. Sci STKE. 13
Sep 2005 (301): ped4.

Hong EJ, West AE, Greenberg ME (2005) Transcriptional control of cognitive development. Curr. Opin.
Neurobiol. 15: 21-28.

Xu L, Massague J (2004) Nucleocytoplasmic shuttling of signal transducers. Nature Rev. Mol. Cell Biol.
5:209-219.

Brivanlou AH, Darnell JE Jr. (2002) Signal transduction and the control of gene expression. Science. 295:
813-818.

Whitmarsh AJ, Davis RJ (2000) Regulation of transcription factor function by phosphorylation.. Cell. Mol.
Life Sci 57: 1172-1183.

Carey M, Smale ST (1999) Transcriptional Regulation in Eukaryotes: Concepts, Strategies, and
Techniques. Cold Spring Harbor Laboratory Press, Cold Spring Harbor, NY, 640pp.

Latchman DS (1998) Eukaryotic transcription factors, 3rd Ed. Academic Press, Inc., New York, NY.

Hucho, F. and K. Buchner (1997) Signal transduction and protein kinases: The long way from the plasma
membrane into the nucleus. Naturwissenschaften 84: 281-290.

The Chromatin Template and Control of its State of Modification:

Kubicek S, Schotta G, Lachner M, Sengupta R, Kohlmaier A, Perez-Burgos L, Linderson Y, Martens JH,
O'Sullivan RJ, Fodor BD, Yonezawa M, Peters AH, Jenuwein T. (2006) The role of histone modifications
in epigenetic transitions during normal and perturbed development. Ernst Schering Res. Found. Workshop
2006 (#57): 1-217.

Wang Y, Wysocka J, Perlin JR, Leonelli L, Allis CD, Coonrod SA. (2004) Linking covalent histone
modifications to epigenetics: the rigidity and plasticity of the marks. Cold Spring Harbor Symp. Quant.
Biol. 69: 161-169.

Lachner M, Jenuwein T (2002) The many faces of histone lysine methylation. Curr Opin Cell Biol. 14:
286-298.

Grewal SI, Elgin SC (2002) Heterochromatin: new possibilities for the inheritance of structure. Curr Opin
Genet Dev. 12: 178-187.

Narlikar GJ, Fan HY, Kingston RE (2002) Cooperation between complexes that regulate chromatin
structure and transcription. Cell 108: 475-487.
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Dobosy JR, Selker EU (2001) Emerging connections between DNA methylation and histone acetylation.
Cell Mol Life Sci. 58: 721-727.

Rice JC, Allis CD (2001) Histone methylation versus histone acetylation: new insights into epigenetic
regulation. Curr. Opin. Cell Biol. 13: 263-273.

Zhang Y, Reinberg D (2001) Transcription regulation by histone methylation: interplay between different
covalent modifications of the core histone tails. Genes Dev. 15: 2343-2360.

Jenuwein T, Allis CD (2001) Translating the histone code. Science 293: 1074-1080.

Klochendler-Yeivin A, Yaniv M (2001) Chromatin modifiers and tumor suppression. Biochim Biophys
Acta 1551: M1-10.

Fyodorov DV, Kadonaga JT (2001) The many faces of chromatin remodeling: SWItching beyond
transcription. Cell 106: 523-525.

Kornberg RD, Lorch Y (1999) Chromatin-modifying and -remodeling complexes. Curr. Opin. Genet. Dev.
9: 148-151.

Luger K, Richmond TJ. (1998) The histone tails of the nucleosome. Curr. Opin. Genet. Dev. 8: 140-146.
Regulation of Transcription by PKA:

Katoh Y, Takemori H, Lin XZ, Tamura M, Muraoka M, Satoh T, Tsuchiya Y, Min L, Doi J, Miyauchi A,
Witters LA, Nakamura H, Okamoto M (2006) Silencing the constitutive active transcription factor CREB
by the LKB1-SIK signaling cascade. FEBS J. 273: 2730-2748.

Canettieri G, Koo SH, Berdeaux R, Heredia J, Hedrick S, Zhang X, Montminy M. (2005) Dual role of the
coactivator TORC2 in modulating hepatic glucose output and insulin signaling. Cell Metab. 2: 331-338.

Montminy M, Koo SH, Zhang X (2004) The CREB family: key regulators of hepatic metabolism. Ann.
Endocrinol. (Paris) 65: 73-75.

Jhala US, Canettieri G, Screaton RA, Kulkarni RN, Krajewski S, Reed J, Walker J, Lin X, White M,
Montminy M (2003) cAMP promotes pancreatic beta-cell survival via CREB-mediated induction of IRS2.
Genes Dev. 17: 1575-1580.

Spotts JM, Dolmetsch RE, Greenberg ME (2002) Time-lapse imaging of a dynamic phosphorylation-
dependent protein-protein interaction in mammalian cells. Proc Natl Acad Sci USA 99: 15142-15147.

Zor T, Mayr BM, Dyson HJ, Montminy MR, Wright PE (2002) Roles of phosphorylation and helix
propensity in the binding of the KIX domain of CREB-binding protein by constitutive (c-Myb) and
inducible (CREB) activators. J. Biol. Chem. 277: 42241-42248.

Quinn PG (2002) Mechanisms of basal and kinase-inducible transcription activation by CREB. Prog
Nucleic Acid Res Mol Biol. 72: 269-305.

Lonze BE, Ginty DD (2002) Function and regulation of CREB family transcription factors in the nervous
system. Neuron 35: 605-623.

Servillo G, Della Fazia MA, Sassone-Corsi P (2002) Coupling cAMP signaling to transcription in the liver:
pivotal role of CREB and CREM. Exp Cell Res. 275: 143-154.

Mayr B, Montminy M (2001) Transcriptional regulation by the phosphorylation-dependent factor CREB.
Nature Rev. Mol. Cell Biol. 2: 599-609.

Xu W, Chen H, Du K, Asahara H, Tini M, Emerson BM, Montminy M, Evans RM (2001) A transcriptional
switch mediated by cofactor methylation. Science 294: 2507-2511.
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Asahara H, Santoso B, Guzman E, Du K, Cole PA, Davidson I, Montminy M (2001) Chromatin-dependent

cooperativity between constitutive and inducible activation domains in CREB. Mol. Cell Biol. 21: 7892-
7900.

Shaywitz AJ, Dove SL, Kornhauser JM, Hochschild A, Greenberg ME (2000) Magnitude of the CREB-
dependent transcriptional response is determined by the strength of the interaction between the kinase-
inducible domain of CREB and the KIX domain of CREB-binding protein. Mol. Cell. Biol. 20: 9409-9422.

Shaywitz AJ, Greenberg ME (1999) CREB: a stimulus-induced transcription factor activated by a diverse
array of extracellular signals. Annu. Rev. Biochem. 68: 821-861.

Regulation of Transcription by MAPK Cascades:

Tanoue T, Nishida E (2003) Molecular recognitions in the MAP kinase cascades. Cell Signal. 15: 455-462.
Weston CR, Davis RJ (2002) The JNK signal transduction pathway. Curr. Opin. Genet. Dev. 12: 14-21.
Chang L, Karin M (2001) Mammalian MAP kinase signalling cascades. Nature 410: 37-40.

Pearson G, Robinson F, Beers Gibson T, Xu BE, Karandikar M, Berman K, Cobb MH (2001) Mitogen-
activated protein (MAP) kinase pathways: regulation and physiological functions. Endocr Rev. 22: 153-183.

Kyriakis JM, Avruch J. (2001) Mammalian mitogen-activated protein kinase signal transduction pathways
activated by stress and inflammation. Physiol Rev. 81: 807-869.

Dohlman HG, Thorner JW (2001) Regulation of G-protein initiated signal transduction in yeast: Paradigms
and principles. Annu. Rev. Biochem. 70: 703-754.

Davis RJ (2000) Signal transduction by the JNK group of MAP kinases. Cell 103: 239-252.

Kasler HG, Victoria J, Duramad O, Winoto A (2000) ERKS is a novel type of mitogen-activated protein
kinase containing a transcriptional activation domain. Mol Cell Biol. 20: 8382-8389.

Whitmarsh AJ, Davis RJ (1999) Signal transduction by MAP kinases: regulation by phosphorylation-
dependent switches. Sci STKE Sep 28, 1999; 1999 (1): PEL1.

Hill CS, Treisman R (1999) Growth factors and gene expression: fresh insights from arrays. Sci STKE.
Oct 12, 1999; 1999(3): PE1.

Bardwell L, Cook JG, Zhu-Shimoni JX, Voora D, Thorner J. (1998) Differential regulation of transcription:
repression by unactivated mitogen-activated protein kinase Kss1 requires the Digl and Dig2 proteins. Proc
Natl Acad Sci U S A. 95: 15400-15405.

Bardwell L, Cook JG, Voora D, Baggott DM, Martinez AR, Thorner J. (1998) Repression of yeast Stel2
transcription factor by direct binding of unphosphorylated Kss1 MAPK and its regulation by the Ste7 MEK.
Genes Dev. 12: 2887-2898.

Wasylyk, B., J. Hagman and A. Gutierrez-Hartmann (1998) Ets transcription factors: nuclear effectors of
the Ras-MAP-kinase signaling pathway. Trends Biochem. Sci. 23: 213-216.

Transcriptional Regulation by JAK Tyrosine Kinases:

Levy DE, Darnell JE Jr. (2002) Stats: transcriptional control and biological impact. Nat Rev Mol Cell Biol.
3: 651-662.

Ihle JN (2001) The Stat family in cytokine signaling. Curr. Opin. Cell Biol. 13: 211-217.

Bromberg J, Darnell JE Jr. (2000) The role of STATS in transcriptional control and their impact on cellular
function. Oncogene 19: 2468-2473.

Ramana CV, Chatterjee-Kishore M, Nguyen H, Stark GR. (2000) Complex roles of Statl in regulating gene
expression. Oncogene 19: 2619-2627.
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Yeh TC, Pellegrini S. (1999) The Janus kinase family of protein tyrosine kinases and their role in signaling.
Cell Mol Life Sci. 55: 1523-1534.

Transcriptional Regulation via TGFp Family Receptors:

Feng XH, Derynck R (2005) Specificity and versatility in TGF-beta signaling through Smads. Annu. Rev.
Cell Dev. Biol. 21: 659-693.

Shi Y, Massague J (2003) Mechanisms of TGF-beta signaling from cell membrane to the nucleus. Cell
113: 685-700.

Attisano L, Wrana JL (2002) Signal transduction by the TGF-beta superfamily. Science 296: 1646-1647.

Liu X, Sun Y, Weinberg RA, Lodish HF (2001) Ski/Sno and TGF-beta signaling. Cytokine Growth Factor
Rev. 12: 1-8.

Massague J. (2000) How cells read TGF-beta signals. Nature Rev. Mol. Cell Biol. 1: 169-178.

Miura S, Takeshita T, Asao H, Kimura Y, Murata K, Sasaki Y, Hanai JI, Beppu H, Tsukazaki T, Wrana JL,
Miyazono K, Sugamura K. (2000) Hgs (Hrs), a FYVE domain protein, is involved in smad signaling
through cooperation with SARA. Mol Cell Biol. 20: 9346-9355.

Attisano L, Wrana JL (2000) Smads as transcriptional co-modulators. Curr Opin Cell Biol. 12: 235-243.

Massague J, Wotton D. (2000) Transcriptional control by the TGF-beta/Smad signaling system. EMBO J.
19: 1745-1754.

Activation of Steroid Hormone and Related Nuclear Receptors:

Chawla A, Repa 1J, Evans RM, Mangelsdorf DJ (2001) Nuclear receptors and lipid physiology: opening
the X-files. Science 294: 1866-1870.

Ordentlich P, Downes M, Evans RM (2001) Corepressors and nuclear hormone receptor function. Curr
Top Microbiol Immunol. 254: 101-116.

Dilworth FJ, Chambon P (2001) Nuclear receptors coordinate the activities of chromatin remodeling
complexes and coactivators to facilitate initiation of transcription. Oncogene 20: 3047-3054.

Hager GL (2001) Understanding nuclear receptor function: from DNA to chromatin to the interphase
nucleus. Prog Nucleic Acid Res Mol Biol. 66: 279-305.

Bourguet W, Germain P, Gronemeyer H (2000) Nuclear receptor ligand-binding domains: three-
dimensional structures, molecular interactions and pharmacological implications. Trends Pharmacol Sci.
21: 381-388.

Activation of the NF-kB/Rel Family of Transcription Factors:

Chen G, Goeddel DV (2002) TNF-R1 signaling: a beautiful pathway. Science 296: 1634-1635. .
Baud V, Karin M (2001) Signal transduction by tumor necrosis factor and its relatives. Trends Cell Biol.
11: 372-377.

Silverman N, Maniatis T (2001) NF-kappaB signaling pathways in mammalian and insect innate immunity.
Genes Dev. 15: 2321-2342.

Karin M, Ben-Neriah Y. (2000) Phosphorylation meets ubiquitination: the control of NF-kappaB activity.
Annu Rev Immunol. 18: 621-663.

Gilmore TD. (1999) The Rel/NF-kappaB signal transduction pathway: introduction. Oncogene. 18: 6842-
6844.

Connecting Cell Adherence Junctions to Gene Control— the Role of g-Catenin:

Logan CY, Nusse R. (2004) The Wnt signaling pathway in development and disease. Annu. Rev. Cell Dev.
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Biol 20: 781-810.

Povelones M, Nusse R (2002) Wnt signalling sees spots. Naure Cell Biol 4: E249-E250.
Taipale J, Beachy PA (2001) The hedgehog and Wnt signalling pathways in cancer. Nature 411: 349-354.
Polakis P (2001) More than one way to skin a catenin. Cell 105: 563-566.

Huelsken J, Birchmeier W (2001) New aspects of Wnt signaling pathways in higher vertebrates. Curr Opin
Genet Dev. 2001 Oct;11(5):547-53.

Woodgett JR. (2001) Judging a protein by more than its name: gsk-3. Sci STKE. Sep 18 ‘01 (100): RE12.

Weston CR, Davis RJ. (2001) Signal transduction: signaling specificity— GSK3 involved in complex
affairs. Science 292: 2439-2440.

Gottardi CJ, Gumbiner BM (2001) Adhesion signaling: how beta-catenin interacts with its partners. Curr.
Biol 11: R792-R794.

Additional Examples of Regulated Nuclear Translocation of Transcription Factors:

Gwack Y, Feske S, Srikanth S, Hogan PG, Rao A (2007) Signalling to transcription: store-operated Ca2+
entry and NFAT activation in lymphocytes. Cell Calcium 42: 145-156.

Lee M, Park J. (2006) Regulation of NFAT activation: a potential therapeutic target for
immunosuppression. Mol Cells 22: 1-7.

Im SH, Rao A (2004) Activation and deactivation of gene expression by Ca2+/calcineurin-NFAT-mediated
signaling. Mol. Cells 18: 1-9.

Cyert MS (2001) Regulation of nuclear localization during signaling. J. Biol. Chem. 276: 20805-20808.

Matsubayashi Y, Fukuda M, Nishida E (2001) Evidence for existence of a nuclear pore complex-mediated,
cytosol-independent pathway of nuclear translocation of ERK (MAP kinase) in permeabilized cells. J. Biol.
Chem. 276: 41755-41760.

Komeili A, O'Shea EK (2000) Nuclear transport and transcription. Curr Opin Cell Biol. 12: 355-360.

Zhu J, McKeon F (2000) Nucleocytoplasmic shuttling and the control of NF-AT signaling. Cell Mol Life
Sci. 57: 411-420.

DeVit MJ, Johnston M (1999) The nuclear exportin Msn5 is required for nuclear export of the Migl
glucose repressor of Saccharomyces cerevisiae. Curr Biol. 9: 1231-1241.



