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p53 Family members p63 and p73 are SAM
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Abstract: Homologs of the tumor suppressor p53, called p63tions of these proteinéang et al., 1998 We have found that a
and p73, have been identified. The p63 and p73 family membergreviously unnoticed Sterile Alpha MotifSAM) domain is en-
possess a domain structure similar to p53, but contain variableoded within the C-terminal extensions of thesplice variants of
C-terminal extensions. We find that some of the C-terminal extenp63 and p73.

sions contain Sterile Alpha MotifSAM) domains. SAM domains SAM domains are found in a wide variety of proteins involved
are protein modules that are involved in protein—protein inter-in cell signaling including the Eph family of tyrosine kinase re-
actions. Consistent with this role, the C-terminal SAM domains ofceptors(Hirai et al., 1987; Tessier-Lavigne, 199%he ETS family
the p63 and p73 may regulate function by recruiting other proteirof transcription factor§Kyba & Brock, 1998, polyhomeotic pro-
effectors. teins(Kyba & Brock, 1998, diacylglycerol kinase§Sakane et al.,
1996, liprins (Ponting, 1995 the connector enhancer of KSR
(Therrien et al., 1998 sering'threonine kinases, adapter proteins,
and others(Schultz et al., 1997 SAM domains are known to
associate with other SAM domains, forming both homo-oligomers
and hetero-oligomer&Kyba & Brock, 1998; Thanos et al., 1999
The recently cloned genes, p63 and p73, are close homologs @&bnormal SAM-mediated oligomerization is the cause of many
p53, the most frequently mutated gene associated with humaRuman leukemiaélousset et al., 1997In addition, SAM domains
cancer(Kaghad et al., 1997; Yang et al., 199853 serves as a can associate with other proteins, such as AF6 and probably pro-
regulator of the cell's genomic damage response pathway, cetein tyrosine phosphataséSerra-Pages et al., 1995; Hock et al.,
cycle arrest in response to cellular stresses, and apojlesime, 1998; Stein et al., 1998In this manner, SAM domains may pro-
1997). The domain structure of p63 and p73 closely resembles thajide the scaffold for the construction of large protein complexes in
of p53, with strong sequence similarity in the transactivation, DNAthe cell.

binding, and oligomerization domairiaghad et al., 1997; De

Laurenzi et al., 1998; Yang et al., 1998V hereas the p53 gene . o . . .
encodes a unique polypeptide, multiple splice variants are eXResults and discussion:The SAM domain is encoded primarily

pressed from the p63 and p73 genes, which have different funclithin €xon 14 in the p&3 gene(Yang et aI.,'199}3and IS within
tions. In particular, the, y, ands splice variants of p63 and p73 ©€X0n 13 in p7a gene(Kaghad et al.,, 1997; De Laurenzi et al.,
can mimic some functions of p53 when overexpressed, includind‘gga' Differential splicing of these genes causes the SAM domain

oligomerization, activation of promoters containing p53 binding engoding.exons to be spl.iced out of the p63 and @73' apdé
sites, and the induction of apoptosis. However, dhplice vari- _spllce varl_ants_. The domain structure ofthandﬁ splice varlants
ants of p63 and p78TAp63a, TA*p63a, ANp63r, and p73), is shown in Figure 1. The SAM domain of p#3p63-SAM) is

which possess a C-terminal extension beyond the p53 core, Shog\pmposed of residues 502-567, and the SAM domain ofxp73

dramatically reduced p53-like functiddost et al., 1997; Kaghad (p73',SAM? is composed of resid.ues 485_54.1' The p63'S.AM Is
et al., 1997; De Laurenzi et al., 1998; Yang et al., 199%ws, it 33% identical and the p73-SAM is 29% identical to a previously

édentified SAM domain from a squid p53 homolégsidues 453—
516; Schultz et al., 1997In addition to the clear sequence rela-
tionship, the p63 and p73x SAM domains are compatible with
the known structure of the SAM domaiislupsky et al., 1998;
Reprint requests to: James U. Bowie, UCLA-DOE Laboratory of Struc-Stapleton etal, 1999;. TharPOS etal, 199% show_n in Figure 2,
tural Biology and Molecular Medicine, and Department of Chemistry amdconserved hydrophobic residues that are buried in the structure of

Biochemistry, University of California-Los Angeles, Los Angeles, Cali- the SAM domain from the EphB2 receptor tyrosine kinase are
fornia 90095; e-mail: bowie@mbi.ucla.edu. strongly conserved in the p63 and p73 SAM domains. Moreover,
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has been proposed that sequence elements exist within tle p6
and p73 C-terminal extensions that regulate the p53-like func-




p63 and p73 contain SAM domains 1709

p63-SAM and p73-SAM share conserved residues that are buried

ps3 in the EphB2-SAM oligomer interfaces.
3 Although the role of the SAM domain in regulation of p63 and
p63c p73 has yet to be elucidated, it is possible that the SAM domain
itself mediates negative regulation of p53-like activity. SAM domain-
p63p containing splice variants of p63 and p73 do not possess many of
the p53-like functions such as oligomerization, activation of pro-
ANp63c. moters containing p53 binding sites, and the induction of apopto-
sis. As SAM domains are known to bind other proteins, it is possible
that the range of interactions could include a region of p63 and p73
p730 that is critical for p53-like function. A similar mechanism is seen
in the association of MDM2 with the transactivation domain of
p73p p53 (Kussie et al., 1996 In the crystal structures of the EphA4
and EphB2 SAM domains, the SAM domains bind to N-terminal
p53squid peptide armgStapleton et al., 1999; Thanos et al., 1999 is

therefore conceivable that the p63 and p73 SAM domains bind to

Fig. 1. The domain structure of p53 family members. SAM domains, shownp.eptlde r.eglons .usm.g the same binding pgckgt. In the. absence of
in yellow, are conserved in thesplice variants of p63 and p73 and a squid diréct evidence implicating the SAM domains in negative regula-
p53 homologue. The transactivation domain, shown in dark blue, comtion, however, it is impossible to rule out an independent role for
prises the N-terminal 45 amino acids and interacts with basal transcriptiothe SAM domains in p63 and p73 function, perhaps involving the

machinery in a positive manner. The DNA binding domain, shown in royalyecryitment of other factors. Nevertheless, the identification of
blue, consists of approximately 200 amino acids. The oligomerization do-

main, shown in light blue, forms a tetramer and consists of approximaterSANI domains _W'thm thex-splice varlan'_[s provides {_jl new struc-
30 residues. The gray box at the C-terminus of p53 is a 26 residue basféiral and functional context for the design of experiments to elu-
sequence that aids in DNA binding. cidate the function of this important family of proteins.

*o* = * = = Residues Organism
p73x PPYHADPSLVSFLTG-LGCPNC-IEYFTSQGLOSIYHLONLTIEDLG ——————. ATKIPEQYRMTIWRG-LODLKY (485-541) Homo sapiens
630 PEFYPTDCSIVSFLAR-LGCSSC-LDYFTTQGLTTIYQIEHY SMDDLA - —--—-SLEIPEQFRHAIWKG-ILDHERD (502-567) Homo sapiens
p53-squid -EPTENT-IAQWLTE -LELQAY - IDNFQORGLHNMFQLDEFTLEDLY - ————— SMRIGTGHRNEIWKS-LLDYRR ({453-518) L.forbesi (squid)
Eph-B2 PDYTSFNTVDEWLEA- IEMGQY-KESFANAGFTSFDVVSOMMMEDILR-———- VEVILAGHQRKILNS-IOVMRE ({917-983) Homo sapiens
Eph-24 PEFSAVVSWEDWLOA- IKMDRY -KINF TAAGY TTLEAVVHVNQEDLAR-———— IGITAITHQNKILSS-VQAMRT (908-973) Homo sapiens
Lip al_1 AQOWDEPT-VVVWLELWVGMPAN-VVAACRANVESGAIMSALSDTEIQRE- - ——IGISNPLHRLELRLA-IQEIMS (876-943) Homo sapiens
Beblp EFWSPEE-ITAYFIM-EGYDVQSASRFQK-HRISGEILLELELVHLEE-----LDINSFGTRFEIFKE-IEKIKE (264-317) S.cerevisiae
Boblp KSWSPEE-VTIDYFSL-VGFDQSTCNEFEE-HOVSGE ILLELELEHLKE-----LEINSFGIRFQIFKE-IRNIKS ({226-291) S.cerevisiae
Neurabin HEWSVQQ-VSHWLVCE-LSLDQYWVS-EFSA- QNI SGEQLLOLDCNKLEA - - - ——LEMTSSQDRALVEFF -LEEMEM (987-1042) Rattus rattus
Popl PNWSTEE-VVEWLMN-AGLGSVAP-NFAE-NEITGEILLGLDSHNVLEE-———— LNITSFCGKRFEVLRE-IQQOLK- {248-311) 5.pombe
CNE_a ETWTPGK-VATWLRG- -LDDSLODYPFED-WOLPERNLLOLCPQSLEA————— LAVRESLGHQELILGG-VEQLOA (5-69) Homo sapiens
DGR HLWGTEE-VARWLEH-LSLCEYED- IFTR-HDIRGSELLHLERRDLED-- - —-LEVIEVGHMERILCG-IKELSR {1098-11562) Homo sapiens
Lip_al_2 HEWIGNE----WLPS-LGLPQYRS-YFME-CLVDARMLDHL TEXDLRGQ - - ——LEMVDSFHRNSFQUG-IMCLRR {964-1026) Homo sapiens
ByrZp EYYTSEE-VAEWLES-IGLEKYIE-QFSQ-NNIEGRHLNHLTLPLLED-—--—— LEIENTAKGEQFLEQ-RDYLRE (2-66) 5.pombe
BicaudalC MOLAKHE-DIQTLLTSLGLEHY IK- IFVL-NEIDLEVFTTLTEENLME---—— LEIAAFPGAREKFLLTA-IHTLLA (800-865) D.melanogaster
DPYR1 ENWAPND-VAIWLES-FNYGQYRK-NFRD-NMNISGRHLEGITHAMLEND- - --LEIEPYGHREDI INR-LNRMIQ (906-971) D.discoideum
Stedp WEWNNEA-VCNWIEQ - LGFPHKEA--FED-YHILGEKDIDLLSSHNDLRD-—-——— MGIESVGHRIDILSA-IQSMEE (9-72) S.pombe
Polyhomeotic SSWSVDD-VSNFIRELPGCODYVD-DFIQ-QEIDGQALLLLEERHLVN----—-AMGMELGPALEIVAK-VESIKE (1511-1576) D.melanogaster
GOK YNWTVDE-VVQWLITYVELPQYEE-TFRK - LOLSGHAMPRLAVINTIMTG - TVLEMTDRSHROKLOQLE -ALDT-- {130-197) Homo sapiens
TEL IVWSRDD-VAQWLEWAENEF SLRPIDSNT-FEMNGEALLLLTKEDFRYRS-PHSCGDVLYELLOHILKQ--REPRI {59-128) Homo sapiens
ETS-1 ROWSETH-VRDWVMWAVNEF SLEGVDFQK - FCMSGAALCALGKECFLELAPDFVGDILWEHLEILOKEDVEPYQWV ({70-142) Homo sapiens
lip al_3 LWWSNDR-VIEWILS- IGLKEYAN-NLIE-SGVHGALLALDETFDFS——-—-— ALALLLOIPTONTQARAVLERE- (1049%-1113) Homo sapiens
Pmk1l QWSLNS—W»QFLKLYKFNKE“ED—WIK—SRIEDDLFINLRDQSKAEET———M‘KN'KLSKESAEQLS——SCIRK {29-95} 5. pombe
CNE-b LLHEADA-LLFWLSR-YLFSHLND--FSA-CQEIRDLLEELSQVLHEDG----PAREEEGTVLRICSH-VAGICH (118-182) Homo sapiens
consensus . . e e . . - . = . . rae - . e em

Fig. 2. A multiple sequence alignment of SAM domains. The structure of the EphB2 SAM domain consists of five helices, H1-H5.

A multiple sequence alignment was created using the program CLUSTALW. Identical positions in greater than 50% of the sequences
are shown in red, and similar positions are shown in bold. Hydrophobic core positions in the Eph-B2 SAM sfidefined as

residues with 90% of their surface area buyiede designated with an asterisk. Areas were determined using the program ENVI-
RONMENTS (Bowie et al., 1991 Key oligomeric interface positiond’hanos et al., 199%re marked with an arrow. SAM domains

whose structures have been solved are underlined. The p63 and p73 SAM domains were found using the program BLASTP 2.0 with
BLOSUM-80 substitution matrix with a gap cost (£0,1). The Loligo forbesip53-SAM (residues 453—-5)6wvas used as a query
sequence. The p73 and p63 sequences both matched the query with an E-vald @f® TheL. forbesip53-SAM was originally

identified by Schultz et al. as a SAM domain using the Stellp SAddidues 17-83, accession number P233687a query sequence
(Schultz et al., 1997 The accession numbers of sequences in this alignment are: [YZ31416], p63x [AF075430, p53-squid
[U43595, EphB2[D14717, EphA4[Q03137, Lip al 1[U22815, Beblp [P39969, Boblp [P38041, Neurabin[U72994 Popl

[P38041, CNK [AF100153, DGK [Q1676(, Lip al 2[U22815, Byr2p[Z98270, BicaudalC[1085137, DPYK [1730071, Ste4p

[548999, Polyhomeotid X63672, GOK [U52426, TEL [235761], ETS-1[X14798, lip al 3[U22815, Pmki[U53872.
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