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LECTURE #8: PHOSPHOPROTEIN PHOSPHATASES

Assigned (Required) Reading is (1) - (4):
*General Background (in your Reader):

(1) Trinkle-Mulcahy L, Lamond AI (2006) Mitotic phosphatases: no longer silent partners.
Curr. Opin. Cell Biol. 18: 623-631.

(2) Swingle M, Ni L, Honkanen RE (2007) Small-molecule inhibitors of ser/thr protein
phosphatases: specificity, use and common forms of abuse. Methods Mol Biol. 2007;365:23-38.

(3) Tonks NK (2006) Protein tyrosine phosphatases: from genes, to function, to disease. Nature
Rev. Mol. Cell Biol. 7: 833-846.

*Paper for Friday Discussion Session (12/14):

4) Yang J, Roe SM, Prickett TD, Brautigan DL, Barford D (2007) The structure of
Tap42/alphad reveals a tetratricopeptide repeat-like fold and provides insights into PP2A
regulation. Biochemistry 46: 8807-8815.

Phosphoserine/phosphothreonine-specific Phosphoprotein Phosphatases (General)—

Shenolikar S (2007) Analysis of protein phosphatases: toolbox for unraveling cell signaling networks.
Methods Mol Biol. 365: 1-8.

Sim AT, Ludowyke RI (2002) The complex nature of protein phosphatases. IUBMB Life. 53: 283-286.

Shenolikar S, Brautigan DL (2000) Meeting report: targeting protein phosphatases-medicines for the
new millenium. Sci STKE Nov 7, 2000; 2000 (57): PE1.

Barford D (1999) Structural studies of reversible protein phosphorylation and protein phosphatases
(Colworth Medal Lecture). Biochem. Soc. Trans. 27: 751-66.

Price NE, Mumby MC (1999) Brain protein serine/threonine phosphatases. Curr Opin Neurobiol. 9:
336-342.

Barford D, Das AK, Egloff MP (1998) The structure and mechanism of protein phosphatases: insights
into catalysis and regulation. Annu. Rev. Biophys. Biomol. Struct. 27: 133-164.

Brautigan DL (1997) Phosphatases as partners in signaling networks. Adv Second Messenger
Phosphoprotein Res. 31: 113-124.

Cohen PT (1997) Novel protein serine/threonine phosphatases: variety is the spice of life. Trends
Biochem. Sci. 22: 245-251.

PPI—

Hochwagen A, Tham WH, Brar GA, Amon A. (2005) The FK506 binding protein Fpr3 counteracts
protein phosphatase 1 to maintain meiotic recombination checkpoint activity. Cell 22: 861-873.

Ceulemans H, Bollen M (2004) Functional diversity of protein phosphatase-1, a cellular economizer
and reset button. Physiol. Rev. 84: 1-39.

Leach C, Shenolikar S, Brautigan DL (2003) Phosphorylation of PP1 phosphatase inhibitor-2 at
centrosomes during mitosis. J Biol Chem. 278: 26015-26020.

Cohen PT (2002) Protein phosphatase 1--targeted in many directions. J. Cell Sci. 115: 241-256.

Terry-Lorenzo RT, Elliot E, Weiser DC, Prickett TD, Brautigan DL, Shenolikar S (2002) Neurabins
recruit protein phosphatase-1 and inhibitor-2 to the actin cytoskeleton. J. Biol. Chem. 277: 46535-
46543.
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Aggen JB, Nairn AC, Chamberlin R (2000) Regulation of protein phosphatase-1. Chem Biol. 7: R13-
R23.

Hsu JY, Sun ZW, Li X, Reuben M, Tatchell K, Bishop DK, Grushcow JM, Brame CJ, Caldwell JA,
Hunt DF, Lin R, Smith MM, Allis CD. (2000) Mitotic phosphorylation of histone H3 is governed by
Ipl1/aurora kinase and Glc7/PP1 phosphatase in budding yeast and nematodes. Cell 102: 279-291.

Van Eynde A, Vulsteke V, Beullens M, Boudrez A, Keppens S, Stalmans W, Bollen M. (2000) Nuclear
and subnuclear targeting sequences of the protein phosphatase-1 regulator NIPP1. J Cell Sci. 113: 3761-
3768.

Shirato H, Shima H, Sakashita G, Nakano T, Ito M, Lee EY, Kikuchi K. (2000) Identification and
characterization of a novel protein inhibitor of type 1 protein phosphatase. Biochemistry. 39: 13848-
13855.

PP2A—

Janssens V, Goris J, Van Hoof C (2005) PP2A: the expected tumor suppressor. Curr. Opin. Genet.
Dev. 15: 34-41.

Van Hoof C, Goris J (2004) PP2A fulfills its promises as tumor suppressor: which subunits are
important? Cancer Cell 5: 105-106.

Santhanam A, Hartley A, Duvel K, Broach JR, Garrett S (2004) PP2A phosphatase activity is required
for stress and Tor kinase regulation of yeast stress response factor Msn2p. Eukaryot. Cell. 3: 1261-
1271.

Zabrocki P, Van Hoof C, Goris J, Thevelein JM, Winderickx J, Wera S (2002) Protein phosphatase 2A
on track for nutrient-induced signalling in yeast. Mol Microbiol. 43: 835-842.

Sontag E (2001) Protein phosphatase 2A: the Trojan Horse of cellular signaling. Cell Signal. 13: 7-16.

Janssens V, Goris J (2001) Protein phosphatase 2A: a highly regulated family of serine/threonine
phosphatases implicated in cell growth and signalling. Biochem J. 353: 417-439.

Moreno CS, Lane WS, Pallas DC (2001) A mammalian homolog of yeast MOB1 is both a member and
a putative substrate of striatin family-protein phosphatase 2A complexes. J Biol Chem. 276: 24253-
24260.

Yu XX, Du X, Moreno CS, Green RE, Ogris E, Feng Q, Chou L, McQuoid MJ, Pallas DC (2001)
Methylation of the protein phosphatase 2A catalytic subunit is essential for association of Balpha

regulatory subunit, but not SG2NA, striatin, or polyomavirus middle tumor antigen. Mol. Biol. Cell. 12:
185-199.

Wu J, Tolstykh T, Lee J, Boyd K, Stock JB, Broach JR (2000) Carboxyl methylation of the
phosphoprotein phosphatase 2A catalytic subunit promotes its functional association with regulatory
subunits in vivo. EMBO J. 19: 5672-5681.

Tolstykh T, Lee J, Vafai S, Stock JB. (2000) Carboxyl methylation regulates phosphoprotein
phosphatase 2A by controlling the association of regulatory B subunits. EMBO J. 19: 5682-5691.

Millward TA, Zolnierowicz S, Hemmings BA. (1999) Regulation of protein kinase cascades by protein
phosphatase 2A. Trends Biochem Sci. 24: 186-191.

Schonthal AH (1998) Role of PP2A in intracellular signal transduction pathways. Front Biosci. 3:
D1262-1273.

PP2B (calcineurin)—
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Cyert MS (2003) Calcineurin signaling in Saccharomyces cerevisiae: how yeast go crazy in response to
stress. Biochem. Biophys. Res. Commun. 311: 1143-1150.

Rusnak, F. and P. Mertz (2000) Calcineurin: form and function. Physiol. Rev. 80: 1483-1521.

Aramburu J, Rao A, Klee CB (2000) Calcineurin: from structure to function. Curr Top Cell Regul. 36:
237-295.

Wang HG, Pathan N, Ethell IM, Krajewski S, Yamaguchi Y, Shibasaki F, McKeon F, Bobo T, Franke
TF, Reed JC (1999) Ca2+-induced apoptosis through calcineurin dephosphorylation of BAD. Science.
284: 339-343.

PP2C—

Warmka J, Hanneman J, Lee J, Amin D, Ota I (2001) Ptcl, a type 2C Ser/Thr phosphatase, inactivates
the HOG pathway by dephosphorylating the mitogen-activated protein kinase Hogl. Mol Cell Biol. 21:
51-60.

Cheng A, Kaldis P, Solomon MJ (2000) Dephosphorylation of human cyclin-dependent kinases by
protein phosphatase type 2C alpha and beta 2 isoforms. J Biol Chem 275: 34744-34749.

Gaits F, Russell P. (1999) Vacuole fusion regulated by protein phosphatase 2C in fission yeast. Mol Biol
Cell 10: 2647-2654.

PP4, PP5, PP6, PPZ, etc.—
Chinkers M (2001) Protein phosphatase 5 in signal transduction. Trends Endocrinol Metab. 12: 28-32.

de Nadal E, Fadden RP, Ruiz A, Haystead T, Arino J (2001) A role for the Ppz Ser/Thr protein
phosphatases in the regulation of translation elongation factor 1Balpha. J Biol Chem. 276: 14829-14834.

Andreeva AV, Kutuzov MA. (1999) RdgC/PP5-related phosphatases: novel components in signal
transduction. Cell Signal. 11: 555-562.

Kloeker S, Wadzinski BE. (1999) Purification and identification of a novel subunit of protein
serine/threonine phosphatase 4. J Biol Chem. 274: 5339-5347.

Bastians H, Ponstingl H. (1996) The novel human protein serine/threonine phosphatase 6 is a functional
homologue of budding yeast Sit4p and fission yeast ppel, which are involved in cell cycle regulation. J
Cell Sci. 109: 2865-2874.

Phosphotyrosine-specific Phosphoprotein phosphatases:

Pao LI, Badour K, Siminovitch KA, Neel BG (2007) Non-receptor protein-tyrosine phosphatases in
immune cell signaling. Annu. Rev. Immunol. 25: 473-523.

Tonks NK (2005) Redox redux: revisiting PTPs and the control of cell signaling. Cell 121: 667-670.

Andersen JN, Jansen PG, Echwald SM, Mortensen OH, Fukada T, Del Vecchio R, Tonks NK, Moller
NP (2004) A genomic perspective on protein tyrosine phosphatases: gene structure, pseudogenes, and
genetic disease linkage. FASEB J. 18: 8-30.

Tonks NK (2003) PTP1B: from the sidelines to the front lines! FEBS Lett. 546: 140-148.

Wang WQ, Sun JP, Zhang ZY (2003) An overview of the protein tyrosine phosphatase superfamily.
Curr Top Med Chem. 3: 739-748.

Andersen JN, Mortensen OH, Peters GH, Drake PG, Iversen LF, Olsen OH, Jansen PG, Andersen HS,
Tonks NK, Moller NP (2001) Structural and evolutionary relationships among protein tyrosine
phosphatase domains. Mol. Cell. Biol. 21: 7117-7136.



MCB 200 - FALL, 2007 - Prof. J. Thorner
Tonks NK, Neel BG (2001) Combinatorial control of the specificity of protein tyrosine phosphatases.
Curr. Opin. Cell Biol. 13: 182-195.

Li L, Dixon JE. (2000) Form, function, and regulation of protein tyrosine phosphatases and their
involvement in human diseases. Semin Immunol. 12: 75-84.

Van Vactor, D., A.M. O'Reilly, B.G. Neel (1998) Genetic analysis of protein tyrosine phosphatases.
Curr. Opin. Genet. Dev. 8: 112-126.

Flint, A.J., T. Tiganis , D. Barford and N.K. Tonks (1997) Development of "substrate-trapping" mutants

to identify physiological substrates of protein tyrosine phosphatases. Proc. Natl. Acad. Sci. USA 94:
1680-1685.

Fauman EB, Saper MA (1996) Structure and function of the protein tyrosine phosphatases. Trends
Biochem Sci. 21: 413-417.

Cdc25 phosphatase—

Prevost GP, Brezak MC, Goubin F, Mondesert O, Galcera MO, Quaranta M, Alby F, Lavergne O,
Ducommun B (2003) Inhibitors of the CDC25 phosphatases. Prog Cell Cycle Res. 5: 225-234.

Donzelli M, Draetta GF (2003) Regulating mammalian checkpoints through Cdc25 inactivation.
EMBO Rep. 4: 671-677.

Bordo D, Bork P (2002) The rhodanese/Cdc25 phosphatase superfamily. Sequence-structure-function
relations. EMBO Rep. 3: 741-746.

Dual-specificity Phosphoprotein Phosphatases:
MAPK phosphatases—

Theodosiou A, Ashworth A (2002) MAP kinase phosphatases. Genome Biol. 3: Rev. S3009.1-
S3009.10.

Keyse SM. (2000) Protein phosphatases and the regulation of mitogen-activated protein kinase
signalling. Curr Opin Cell Biol. 12: 186-192.

Pestell KE, Ducruet AP, Wipf P, Lazo JS (2000) Small molecule inhibitors of dual specificity protein
phosphatases. Oncogene 19: 6607-6612.

Brondello, J.M., A. Brunet, J. Pouyssegur and F.R. McKenzie (1997) The dual specificity mitogen-
activated protein kinase phosphatase-1 and -2 are induced by the p42/p44MAPK cascade. J. Biol.
Chem. 272: 1368-1376.

Cdcl4—

Jensen S, Geymonat M, Johnston LH (2002) Mitotic exit: delaying the end without FEAR. Curr Biol.
12: R221-R223.

Li L, Ljungman M, Dixon JE. (2000) The human Cdcl4 phosphatases interact with and
dephosphorylate the tumor suppressor protein p53. J Biol Chem. 275: 2410-2414.

Jaspersen SL, Morgan DO (2000) Cdcl14 activates Cdcl5 to promote mitotic exit in budding yeast.
Curr Biol. 10: 615-618.

Grandin, N., A. de Almeida and M. Charbonneau (1998) The Cdcl4 phosphatase is functionally
associated with the Dbf2 protein kinase in Saccharomyces cerevisiae. Mol. Gen. Genetics 258: 104-
116.
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Fitzpatrick, P.J., J.H. Toyn, J.B. Millar and L.H. Johnston (1998) DNA replication is completed in
Saccharomyces cerevisiae cells that lack functional Cdc14, a dual-specificity protein phosphatase. Mol.
Gen. Gen. 258: 437-441.

Martell KJ, Angelotti T, Ullrich A (1998) The "VHI-like" dual-specificity protein tyrosine
phosphatases. Mol Cells 8: 2-11.

PTEN Tumor Suppressor:

Mayo LD, Donner D (2002) The PTEN, Mdm?2, p53 tumor suppressor-oncoprotein network. Trends
Biochem Sci. 27: 462-467.

Wishart MJ, Taylor GS, Slama JT, Dixon JE (2001) PTEN and myotubularin phosphoinositide
phosphatases: bringing bioinformatics to the lab bench. Curr Opin Cell Biol. 13: 172-181.

Di Cristofano A, Pandolfi PP (2000) The multiple roles of PTEN in tumor suppression. Cell. 100: 387-
390.

Cantley LC, Neel BG (1999) New insights into tumor suppression: PTEN suppresses tumor formation
by restraining the phosphoinositide 3-kinase/AKT pathway. Proc. Natl. Acad. Sci. USA 96: 4240-4245.

Lee JO, Yang H, Georgescu MM, Di Cristofano A, Maechama T, Shi Y, Dixon JE, Pandolfi P, Pavletich
NP (1999) Crystal structure of the PTEN tumor suppressor: implications for its phosphoinositide
phosphatase activity and membrane association. Cell 99: 323-334.

Fcepl phosphatase —

Kong SE, Kobor MS, Krogan NJ, Somesh BP, Soegaard TM, Greenblatt JF, Svejstrup JQ (2004) Fcpl
phosphatase: Interaction with elongating RNA polymerase II holoenzyme, enzymatic mechanism of
action, and genetic interaction with elongator. J. Biol. Chem. 2004 Nov 24 [E-pub ahead of print]

Hausmann S, Erdjument-Bromage H, Shuman S (2004) Schizosaccharomyces pombe carboxyl-terminal
domain (CTD) phosphatase Fcpl: distributive mechanism, minimal CTD substrate, and active site
mapping. J. Biol. Chem. 279: 10892-10900.

Palancade B, Marshall NF, Tremeau-Bravard A, Bensaude O, Dahmus ME, Dubois MF (2004)
Dephosphorylation of RNA polymerase II by CTD-phosphatase FCP1 is inhibited by phospho-CTD
associating proteins. J. Mol. Biol. 335: 415-424.

Eyes-Absent (Eya) phosphatase —

Rayapureddi JP, Hegde RS (2006) Branchio-oto-renal syndrome associated mutations in Eyes Absent-1
result in loss of phosphatase activity. FEBS Lett. 580: 3853-3859.

Tootle TL, Silver SJ, Davies EL, Newman V, Latek RR, Mills IA, Selengut JD, Parlikar BE, Rebay I
(2004) The transcription factor Eyes absent is a protein tyrosine phosphatase. Nature 426: 299-302.

Rayapureddi JP, Kattamuri C, Steinmetz BD, Frankfort BJ, Ostrin EJ, Mardon G, Hegde RS (2003)
Eyes absent represents a class of protein tyrosine phosphatases. Nature 426: 295-298.

Li X, Oghi KA, Zhang J, Krones A, Bush KT, Glass CK, Nigam SK, Aggarwal AK, Maas R, Rose DW,
Rosenfeld MG (2003) Eya protein phosphatase activity regulates Six1-Dach-Eya transcriptional effects
in mammalian organogenesis. Nature 426: 247-254. [Erratum in Nature 427: 265 (2004)].

Practical matters:

Pastula C, Johnson I, Beechem JM, Patton WF. (2003) Development of fluorescence-based
selective assays for serine/threonine and tyrosine phosphatases. Comb Chem High Throughput Screen.
6: 341-346.

Dounay AB, Forsyth CJ (2002) Okadaic acid: the archetypal serine/threonine protein phosphatase
inhibitor. Curr Med Chem. 9: 1939-1980.
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McCluskey A, Sakoff JA (2001) Small molecule inhibitors of serine/threonine protein phosphatases.
Mini Rev Med Chem. 1: 43-55.

Dawson JF, Holmes CF (1999) Molecular mechanisms underlying inhibition of protein phosphatases by
marine toxins. Front Biosci. 4: D646-D658.

Tapia R, Pena F, Arias C (1999) Neurotoxic and synaptic effects of okadaic acid, an inhibitor of protein
phosphatases. Neurochem Res. 24: 1423-1430.

Sheppeck JE 2nd, Gauss CM, Chamberlin AR (1997) Inhibition of the Ser-Thr phosphatases PP1 and
PP2A by naturally occurring toxins. Bioorg Med Chem. 5: 1739-1750.



