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related modifier (SUMO) modification site are evolutionarily
conserved. According to the high sequence similarity within
the repressor domains, zebrafish Sp5 has the potential to act as
a repressor. Although in the full-length context Sp5 acts as a
potent repressor, Sp5 has a cryptic transactivation domain
between amino acids 77 and 151. Furthermore, the R1 domain
with a mutation in the SID that abrogates mSin3a binding acted
as transactivation domain. The phosphorylation of TIEG2 at
Thr/Ser adjacent to SID by Erk2 results in the disruption of
TIEG2-mSin3a interaction (73). Sp5 also contains an Erk2 con-
sensus site, (S/T)P (74), adjacent to the SID. Previous reports
and our results indicate that Sp5 may act as an activator in some
contexts.

Sp8 is another member of Spl1 family (75). The sequence
similarity of the zinc finger domain between Sp5 and Sp8 is
93.8%. The expression pattern of Sp8 and Sp5 in mouse is quite
similar, for example during CNS development (76). Sp8 knock-
out mice die at birth and manifest severe phenotypes in the
CNS (76). On the other hand, SpS5 knock-out mice show no
obvious phenotype (9). Furthermore, Wnt/B-catenin signaling
induces Sp8, although it is not known whether Sp8 is directly
regulated by TCF/LEF/B-catenin transcription complex (75,
76). Sp8 acts as an activator during limb development (75).
However, Sp8 has the potential to act as a repressor, because
Sp8 has several mSin3a core consensus sequences and polyala-
nine tracts.® Sp8 is likely to bind to most Sp1 binding sites due
to the high sequence similarity of its zinc finger domain to that
of Spl. It may be Sp8 that compensates for Sp5 in the Sp5
knock-out mice. Our results and previous reports suggest that
Wnt/B-catenin signaling regulates Sp1 target genes by inducing
Sp5 and potentially Sp8.

Acknowledgments—We thank Drs. F. Gage, R. Eisenman, E. Sancho,
D. Houzelstein, C. Laherty, G. Nollan, ]. Forejt, and V. Korinek for
reagents and M. M. Taketo for Catnb'*“* mice. We thank Janine
Davis (NEI, National Institutes of Health) for valuable comments on
the manuscript.

REFERENCES

1. Moon, R.T., Kohn, A.D., De Ferrari, G. V., and Kaykas, A. (2004) Nat. Rev.
Genet. 5,691-701

2. He, T.C,, Sparks, A. B., Rago, C., Hermeking, H., Zawel, L., da Costa, L. T.,
Morin, P. J., Vogelstein, B., and Kinzler, K. W. (1998) Science 281,
1509 -1512

3. Jho, E. H., Zhang, T., Domon, C,, Joo, C. K,, Freund, J. N., and Costantini,
F. (2002) Mol. Cell. Biol. 22,1172-1183

4. Hovanes, K, Li, T. W., Munguia, J. E., Truong, T., Milovanovic, T., Law-
rence Marsh, J., Holcombe, R. F., and Waterman, M. L. (2001) Nat. Genet.
28, 53-57

5. Lee, S. M, Tole, S., Grove, E., and McMahon, A. P. (2000) Development
127, 457-467

6. Chenn, A., and Walsh, C. A. (2002) Science 297, 365—-369

7. Galceran, J., Miyashita-Lin, E. M., Devaney, E., Rubenstein, J. L., and
Grosschedl, R. (2000) Development 127, 469 —482

8. Harada, N., Tamai, Y., Ishikawa, T, Sauer, B., Takaku, K., Oshima, M., and
Taketo, M. M. (1999) EMBO J. 18, 5931-5942

9. Harrison, S. M., Houzelstein, D., Dunwoodie, S. L., and Beddington, R. S.
(2000) Dev. Biol. 227, 358 =372

8 N. Fujimura and Z. Kozmik, unpublished data.

1236 JOURNAL OF BIOLOGICAL CHEMISTRY

10. Tronche, F., Kellendonk, C., Kretz, O., Gass, P., Anlag, K., Orban, P. C,,
Bock, R, Klein, R., and Schutz, G. (1999) Nat. Genet. 23, 99 -103

11. Soriano, P. (1999) Nat. Genet. 21,70-71

12. van den Bout, C. J., Machon, O., Rosok, O., Backman, M., and Krauss, S.
(2002) Mech. Dev. 110, 179 -182

13. Rappa, G., Kunke, D., Holter, J., Diep, D. B., Meyer, J., Baum, C., Fodstad,
O., Krauss, S., and Lorico, A. (2004) Neuroscience 124, 823— 830

14. Machon, O., van den Bout, C. J., Backman, M., Rosok, O., Caubit, X.,
Fromm, S. H., Geronimo, B., and Krauss, S. (2002) Neuroscience 112,
951-966

15. Liu, C, Li, Y., Semenov, M., Han, C., Baeg, G. H., Tan, Y., Zhang, Z., Lin, X.,
and He, X. (2002) Cell 108, 837—847

16. Kioussi, C., Briata, P., Baek, S. H., Rose, D. W., Hamblet, N. S., Herman, T.,
Ohgi, K. A,, Lin, C., Gleiberman, A., Wang, J., Brault, V., Ruiz-Lozano, P.,
Nguyen, H. D., Kemler, R., Glass, C. K., Wynshaw-Boris, A., and Rosen-
feld, M. G. (2002) Cell 111, 673—-685

17. Niida, A., Hiroko, T., Kasai, M., Furukawa, Y., Nakamura, Y., Suzuki, Y.,
Sugano, S., and Akiyama, T. (2004) Oncogene 23, 8520 — 8526

18. Gat, U., DasGupta, R., Degenstein, L., and Fuchs, E. (1998) Cell 95,
605-614

19. van de Wetering, M., Sancho, E., Verweij, C., de Lau, W., Oving, I., Hurl-
stone, A., van der Horn, K., Batlle, E., Coudreuse, D., Haramis, A. P.,
Tjon-Pon-Fong, M., Moerer, P., van den Born, M., Soete, G., Pals, S., Eilers,
M., Medema, R., and Clevers, H. (2002) Cell 111, 241-250

20. Kaczynski, J., Cook, T. and Urrutia, R. (2003) Genome Biology
http://genomebiology.com/2003/4/2/206

21. Li, X,, Perissi, V., Liu, F., Rose, D. W., and Rosenfeld, M. G. (2002) Science
297,1180-1183

22. Zhang, J. S., Moncrieffe, M. C., Kaczynski, J., Ellenrieder, V., Prendergast,
F. G., and Urrutia, R. (2001) Mol. Cell. Biol. 21, 5041-5049

23. Knoepfler, P. S., and Eisenman, R. N. (1999) Cell 99, 447-450

24. Cook, T., Gebelein, B., Belal, M., Mesa, K., and Urrutia, R. (1999) J. Biol.
Chem. 274, 29500 —29504

25. Ji, C., Casinghino, S., McCarthy, T. L., and Centrella, M. (1997) J. Biol.
Chem. 272, 21260 -21267

26. Kaczynski, J., Zhang, J. S., Ellenrieder, V., Conley, A., Duenes, T., Kester,
H., van Der Burg, B., and Urrutia, R. (2001) J. Biol. Chem. 276,
36749 -36756

27. Baker, D. L., Dave, V., Reed, T., and Periasamy, M. (1996) J. Biol. Chem.
271, 5921-5928

28. Koutsodontis, G., Moustakas, A., and Kardassis, D. (2002) Biochemistry
41, 12771-12784

29. Ahn,]J.,, Ko, M., Lee, K., Oh, ., Jeon, S. H., and Seong, R. H. (2005) Biochem.
Biophys. Res. Commun. 338, 1435—1446

30. Aino, H., Hashimoto, H., Ogawa, N., Nishino, A., Yamamoto, K., Nogi, H.,
Nagata, S., and Baba, A. (1995) Gene (Amst.) 164, 301-304

31. Avila,]., Alvarez delaRosa, D., Gonzalez-Martinez, L. M., Lecuona, E., and
Martin-Vasallo, P. (1998) Gene (Amst.) 208, 221-227

32. Belanger, C., Peri, K. G.,and MacKenzie, R. E. (1991) Nucleic Acids Res. 19,
4341-4345

33. Bond, G. L., Hu, W., Bond, E. E., Robins, H., Lutzker, S. G., Arva, N. C.,
Bargonetti, J., Bartel, F., Taubert, H., Wuerl, P., Onel, K,, Yip, L., Hwang,
S.J., Strong, L. C., Lozano, G., and Levine, A. J. (2004) Cell 119, 591602

34. Bros, M., Ross, X. L., Pautz, A., Reske-Kunz, A. B., and Ross, R. (2003)
J. Immunol. 171, 1825-1834

35. Cheng, L., Jin, Z,, Liu, L., Yan, Y., Li, T., Zhu, X., and Jing, N. (2004) FEBS
Lett. 565, 195-202

36. Collins, M., and Bornstein, P. (1996) Nucleic Acids Res. 24, 3661-3669

37. Ding, W., Bellusci, S., Shi, W., and Warburton, D. (2004) Am. J. Physiol.
287, L52-159

38. Imaki, H., Nakayama, K., Delehouzee, S., Handa, H., Kitagawa, M.,
Kamura, T., and Nakayama, K. I. (2003) Cancer Res. 63, 4607—4613

39. Iwata, Y., Nakayama, A., Murakami, H., Iida, K., Iwashita, T., Asai, N., and
Takahashi, M. (1999) Biochem. Biophys. Res. Commun. 261, 381384

40. Klenova, E. M., Fagerlie, S., Filippova, G. N., Kretzner, L., Goodwin, G. H,,
Loring, G., Neiman, P. E., and Lobanenkov, V. V. (1998) J. Biol. Chem. 273,
26571-26579

41. Martino, A., Holmes IV, J. H., Lord, J. D., Moon, J. J., and Nelson, B. H.

VOLUME 282+-NUMBER 2-JANUARY 12, 2007

2710z ‘0€ Arenuer uo 1s9nb Ag /610°0q - mmmy/:dny woly pepeojumoq


http://www.jbc.org/

42.
43.
44,
45.
46.
47.
48.
49.
50.
51.
52.
53.
54.
55.

56.

57.

JANUARY 12, 2007 - VOLUME 282 +NUMBER 2

Wnt-mediated Down-regulation of Sp1 Target Genes by Sp5

(2001) J. Immunol. 166, 1723-1729

Miskimins, W. K., McClelland, A., Roberts, M. P., and Ruddle, F. H. (1986)
J. Cell Biol. 103, 1781-1788

Nagata, D., Suzuki, E., Nishimatsu, H., Satonaka, H., Goto, A., Omata, M.,
and Hirata, Y. (2001) J. Biol. Chem. 276, 662— 669

Nakajima, T., Iwaki, K., Kodama, T., Inazawa, J., and Emi, M. (2000) /.
Hum. Genet. 45, 212-217

Ntambi, J. M., Buhrow, S. A., Kaestner, K. H., Christy, R. ]., Sibley, E., Kelly,
T.]J., Jr., and Lane, M. D. (1988) /. Biol. Chem. 263, 17291-17300
Randall, J., Thorne, T., and Delpire, E. (1997) Am. J. Physiol. 273,
C1267-C1277

Soccio, R. E., Adams, R. M., Maxwell, K. N., and Breslow, J. L. (2005) /. Biol.
Chem. 280, 19410-19418

Spatuzza, C., Renna, M., Faraonio, R., Cardinali, G., Martire, G., Bonatti,
S., and Remondelli, P. (2004) J. Biol. Chem. 279, 42535— 42544

Uetsuki, T., Takagi, K., Sugiura, H., and Yoshikawa, K. (1996) J. Biol. Chem.
271,918 -924

Weidenfeld, J., Shu, W., Zhang, L., Millar, S. E., and Morrisey, E. E. (2002)
J. Biol. Chem. 277, 2106121070

Wenger, R. H., Rochelle, J. M., Seldin, M. F., Kohler, G., and Nielsen, P. J.
(1993) J. Biol. Chem. 268, 23345-23352

Wilgenbus, K. K., Hsieh, C. L., Lankes, W. T., Milatovich, A., Francke, U.,
and Furthmayr, H. (1994) Genomics 19, 326 -333

Bierie, B., Nozawa, M., Renou, J. P., Shillingford, ]. M., Morgan, F., Oka, T,
Taketo, M. M., Cardiff, R. D., Miyoshi, K., Wagner, K. U., Robinson, G. W,
and Hennighausen, L. (2003) Oncogene 22, 3875-3887

Ziegler, S., Rohrs, S., Tickenbrock, L., Moroy, T., Klein-Hitpass, L., Vetter,
I. R, and Muller, O. (2005) FEBS J. 272, 1600-1615

Okubo, T., and Hogan, B. L. (2004) /. Biol. 3, 11

Morkel, M., Huelsken, J., Wakamiya, M., Ding, J., van de Wetering, M.,
Clevers, H., Taketo, M. M., Behringer, R. R., Shen, M. M., and Birchmeier,
W. (2003) Development 130, 6283— 6294

Takahashi, M., Nakamura, Y., Obama, K., and Furukawa, Y. (2005) Int. J.
Oncol. 27, 1483—-1487

58.
59.
60.
61.
62.
63.
64.
65.
66.
67.

68.
69.

70.

71.
72.

73.

74.
75.

76.

77.

Weidinger, G., Thorpe, C. J., Wuennenberg-Stapleton, K., Ngai, J., and
Moon, R. T. (2005) Curr. Biol. 15, 489 —500

Tan, Y., Rouse, J., Zhang, A., Cariati, S., Cohen, P., and Comb, M. J. (1996)
EMBO J. 15, 4629 — 4642

Yang, S. H., Galanis, A., and Sharrocks, A. D. (1999) Mol. Cell. Biol. 19,
4028 -4038

Tallafuss, A., Wilm, T. P., Crozatier, M., Pfeffer, P., Wassef, M., and
Bally-Cuif, L. (2001) Development 128, 40214034

Hanna-Rose, W., and Hansen, U. (1996) Trends Genet. 12, 229 -234
Verger, A., Perdomo, J., and Crossley, M. (2003) EMBO Rep. 4, 137-142
Perdomo, J., Verger, A., Turner, J., and Crossley, M. (2005) Mol. Cell. Biol.
25, 1549 -1559

Ross, S., Best, J. L., Zon, L. L, and Gill, G. (2002) Mol. Cell. 10, 831— 842
Gill, G. (2005) Curr. Opin. Genet. Dev. 15, 536 =541

Aronson, B. D,, Fisher, A. L., Blechman, K., Caudy, M., and Gergen, J. P.
(1997) Mol. Cell. Biol. 17, 55815587

Turner, J., and Crossley, M. (1998) EMBO J. 17, 5129 -5140

Backman, M., Machon, O., Mygland, L., van den Bout, C. J., Zhong, W,
Taketo, M. M., and Krauss, S. (2005) Dev. Biol. 279, 155-168

Li, C, Ling, X., Yuan, B., and Minoo, P. (2000) Biochim. Biophys. Acta
1490, 213-224

Tetsu, O., and McCormick, F. (1999) Nature 398, 422—426

Chen, Y., Guo, Y., Ge, X., Itoh, H., Watanabe, A., Fujiwara, T., Kodama, T,
and Aburatani, H. (2006) Biochem. Biophys. Res. Commun. 340, 758 —766
Ellenrieder, V., Zhang, J. S., Kaczynski, J., and Urrutia, R. (2002) EMBO J.
21, 2451-2460

Davis, R.J. (1993) J. Biol. Chem. 268, 14553—-14556

Kawakami, Y., Esteban, C. R., Matsui, T., Rodriguez-Leon, J., Kato, S., and
Belmonte, J. C. (2004) Development 131, 47634774

Treichel, D., Schock, F., Jackle, H., Gruss, P., and Mansouri, A. (2003)
Genes Dev. 17, 2630-2635

Machon, O., Backman, M., Krauss, S., and Kozmik, Z. (2005) Mol. Cell.
Neurosci. 30, 388 =397

JOURNAL OF BIOLOGICAL CHEMISTRY 1237

2710z ‘0€ Arenuer uo 1s9nb Ag /610°0q - mmmy/:dny woly pepeojumoq


http://www.jbc.org/

Wnt-mediated Down-regulation of Sp1l Target Genes by a Transcriptional
Repressor Sp5
Naoko Fujimura, Tomas Vacik, Ondrej Machon, Cestmir Vlcek, Simone Scalabrin,
Martin Speth, Dzung Diep, Stefan Krauss and Zbynek Kozmik

J. Biol. Chem. 2007, 282:1225-1237.
doi: 10.1074/jbc.M605851200 originally published online November 6, 2006

Access the most updated version of this article at doi: 10.1074/jbc.M605851200

Alerts:
* When this article is cited
* When a correction for this article is posted

Click here to choose from all of JBC's e-mail alerts

This article cites 74 references, 36 of which can be accessed free at
http://www.jbc.org/content/282/2/1225 full.html#ref-list-1

/T0Z ‘0€ Arenuer uo 1sanb Aq /Bioaql-mmmy/:dny wody papeojumoq


http://www.jbc.org/lookup/doi/10.1074/jbc.M605851200
http://www.jbc.org/cgi/alerts?alertType=citedby&addAlert=cited_by&cited_by_criteria_resid=jbc;282/2/1225&saveAlert=no&return-type=article&return_url=http://www.jbc.org/content/282/2/1225
http://www.jbc.org/cgi/alerts?alertType=correction&addAlert=correction&correction_criteria_value=282/2/1225&saveAlert=no&return-type=article&return_url=http://www.jbc.org/content/282/2/1225
http://www.jbc.org/cgi/alerts/etoc
http://www.jbc.org/content/282/2/1225.full.html#ref-list-1
http://www.jbc.org/

