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Abstract
P53-TFIID-DNA INTERACTION.
Analysis by DNA affinity chromatography.
By

Maria Patricia Molina.

Adviser: Dr. Jill Bargonetti.

Previous immunoprecipitation experiments have shown that pS3 has the ability to
associate with the TATA binding protein and some of its associated factors, and
that this association modulates p53 function. By DNA affinity chromatography
we studied the binding of wild-type p53 and the mentioned proteins to the p53-
binding sites present in the Promoter 2 (P2) of the MDM2 gene, in the Ribosomal
Gene Cluster (RGC) and to the ideal p53-binding site called superconsensus
sequence (SCS). We report that p53 can be purified by DNA affinity
chromatography using the above-mentioned p53-binding sites. We also report that
the p53-binding sites select for specific p53 subpopulations, which have different
binding characteristics, “bindomers™. Our results demonstrate that DNA affinity
Chromatography is a promising technique to isolate these p53 subpopulations or
(“bindomers™) in order to perform further biochemical analysis. We also show

that the mdm2 P2 binding p53 is able to induce the addition of other(s) factor(s)
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to a TBP-TAFII60-TAFII40 complex. We show that other forms of wt p53 do not

induce this addition.

Key words: p53; DNA affinity Chromatography; Ts Val 135; TBP.
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| 8 INTRODUCTION.

1.1. PS31IS A TUMOR SUPPRESSOR.

p53 is a tumor suppressor protein. When the cell is under stress it produces specific
signals that activate protective mechanisms. One of those protective mechanisms is the
activation of the protein p53. Activated p53 elicits a series of cellular responses that
promote genomic stability, cellular growth arrest, or apoptosis. This growth suppressor
end result of p53 activity protects the cell from giving rise to genetically altered progeny
(Levine A.J.1991; Zambetti G.P. 1993; reviewed by Levine A. 1997; Schackelford R.E,
1999 and Bucholzt T.A. 1999). Because of this protective role p53 has been named “the

guardian of the genome™ (Lane D.P., 1992).

Results of many in vitro experiments as well as clinical evidence have suggested the
tumor suppressor activity of pS3. The tumor suppressor activity of pS3 was evident in the
results from experiments showing that wild-type pS3 reduces the efficiency of
transformation by cooperating oncogenes (Finlay, C. 1989; Eliyahu D. 1989). Besides,
the re-introduction of wild-type p53 into cancerous cells reduces their plating efficiency
(Baker, S.J. 1990; Diller L.1990; reviewed in Harris CC., 1993). At a clinical level, it was
observed that inactivating mutations and deletions of the p53 gene are common events in
human cancers (Rodriguez NR. 1990; Sidransky D. 1992); this fact is exemplified by the
Li-Fraumeni syndrome (Malkin D. 1990). The tumor suppressor function of pS3 was also

demonstrated, in vivo, by the high incidence of tumors and early death of pS3 knockout
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mice (Donehower LA. 1992; Purdie CA., 1994; Jacks T., 1994).

1.2. PATHOLOGICAL INACTIVATION OF PS3.

An important factor contributing to the development of many human cancers is the lack
of function of p53 (Sherr CJ.,1996). There are several mechanisms that result in the
pathological inactivation of pS3. One of these mechanisms is the binding and inactivation
of pS3 by cellular or viral proteins (Piette J., 1997 reviewed by Hansen R., 1997; Levine
A. 1997). For example, the association between pS3 and MDM?2 is a physiological
mechanism to control p53 activity, but in cells where MDM2 is overexpressed an
abnormal association between these two proteins takes place (Momand J. 1992; Oliner
JD. 1992). As a consequence of this abnormal association p53 loses its transactivation
ability and gets degraded (Oliner JD. 1993; Zauberman A. 1993). The end result then is a
lack of p53 activity. The E6 protein of the Human Papillomavirus (HPV) induces the
degradation of p53 through the ubiquitin pathway; the HBX Ag protein of Hepatitis B
virus (HBV) inactivates the transactivation function of pS3 by binding its N-terminal
domain and the simian Virus 40 (SV40) Large T antigen blocks the binding of p53 to
DNA, which is central to p53 activity (Bargonetti J. 1991; Tan TH.,1986; Howley PM.,
1991; Oliner JD., 1992; Ueda H., 1995). The aberrant localization of p53 in the cytosol
instead of the nucleus, is another way of losing p53 function. The aberrant localization is
given by failure in the translocation of p53 from the cytosol to the nucleus or failure to
block the nuclear export of p53 (Zaika A., 1999; Moll U., 1995; Sengupta S., 2000; Kim

IS., 2000). Reduced transcription of the pS3 gene has also been reported (Prokocimer M.
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1987; Stuart, ET. 1995). Finally, there might be defects in the p53 pathway, which will
give as a result, a syndrome similar to inactivation of p53 (Raman V., 2000; reviewed in

Vogelstein B., 2000).

A very common way of p53 functional abrogation is the mutation of the pS3 gene. About
50% of all human cancers exhibit mutations in the p53 gene (Holstein 1991; Harris CC.,
1993; reviewed in Soussi T. 1994; Ko LJ. 1996 and Levine AJ.1997). The high incidence
of tumor associated mutations in this protein demonstrates that the lack of p53 function

is an important factor contributing to the development of many human cancers.

1.2.1. pS3 mutants.

The observed mutations in the pS3 gene are mainly, missense in nature and tend to cluster
in the region of the pS3 protein engaged in the sequence-specific DNA binding function
or core domain (Hollstein, 1994; Beroud, 1998; Walker DR., 1999; reviewed in Monique
G.2000). Some of these mutations give rise to nonfunctional proteins that do not bind, or
bind poorly, to the p53 response elements (Hollstein M. 1994; Prives C. 1994). The
sequence-specific DNA binding ability of pS3 is key to its function and will be discussed
later. The lack of sequence specific DNA binding activity exhibited by some p53 mutants
is due in some cases to a mutation in one of the amino acid residues that make contact
with DNA, as defined by the crystal structure analysis of p53 (Cho Y. 1994). Examples
of these so-called “contact mutants” are R248 and R273. There is another type of

mutation in the pS3 gene producing a protein in which the overall conformation is
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changed and as a result, the binding of p53 to its cognate site is disrupted. These mutants
are called “conformational mutants” and include R175, G245, and R249 among others

(reviewed in Selivanova G. 1998; Sigal A. 2000).

In general, p53 mutants do not bind to the consensus sequence for p53 and/or lose their
sequence specific transactivation function (loss of function mutants) (Finlay CA. 1989;
Scharer E.1992; Farmer G.1992). As a consequence, these mutants lose their ability to
induce growth arrest and/or apoptosis. Nevertheless, some p53 mutants behave as growth
stimulators. These mutant p53 proteins have gained an oncogenic ability and are referred
to as gain of function mutants (Hollstein M. 1994; Hollstein M. 1991, Dittmer D. 1993;
Zambetti GP. 1993; reviewed in Vogelstein B. 1992; Sigal A. 2000; Monique G., 2000).
The oncogenic activity of these mutant pS3 proteins is due, in some cases, to a dominant
negative effect of the mutant protein over the wild-type p53. In some other cases, it is due
to a wild-type p53 independent gain of function of the mutant protein (Gottlieb E. 1994;
Tang H. 1998; Wolf D. 1984; Lanyi A. 1998; reviewed in Sigal A. 2000). Amongst the
growth advantage characteristics conferred by the pS3 gain of function mutants are the
increase in the cellular proliferation and growth density; tumorigenicity and invasiveness
(Chen Y., 1994; Muller B., 1996 Wang X-J.1998; Shaulsky G., 1991; Cardinali, M.,
1997; Hsiao M., 1994). The evidence suggests that most of the gain of function effects of
the mutant p53 proteins are mediated by an increase in the expression of genes that
facilitate cellular growth. Some of these genes are the proliferating cell nuclear antigen,
multiple drug resistance, the growth factor genes EGFR, VEGF, bFGF as well as the

oncogenes c-myc and c-fos (Deb S., 1992; Frazier M., 1998; Ludes-Meyer JH. 1996;
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Kieser A., 1994; Ueba T., 1994; Kawamura M., 1996).

13. PHYSIOLOGICAL REGULATION OF PS3.

1.3.1. Down-regulation.

Integrity of the genome and tight regulation of cell division are key to preventing tumor
formation (Hartwell, L. 1992. reviewed in Pavlovich AG. 1997). Given that p53
activation leads to cellular responses that ultimately will prevent cellular division, it
makes sense that, under non-insult conditions, p53 is tightly controlled and down
regulated (reviewed in Woods DB. 2001; Selivanova, G., 1998; Levine, A. 1997). This
down regulation is exerted by mechanisms such as controlling transcription as well as
translation of the p53 gene but, predominantly via post-translational modifications to the

pS3 protein.

One of these mechanisms is the degradation of the p53 protein by the ubiquitin pathway.
Under non-insult conditions the p53 protein has a very short half-life and is barely
detectable by Western blot (Haupt, 1997; Kubbutat, M.1997; Fuchs, SY.1998; Maltzman
W., 1984; reviewed in Selivanova G. 1998). The p53 amount is kept low, in part, via a
feed back loop mechanism formed by p53 and the MDM2 protein. p53 activates
transcription of the mdm2 gene and the MDM2 protein then binds to the amino terminal
domain of p53 (Lin J., 1994; Picksley S.M. 1994; Kussie P.H., 1996). This binding

blocks the transactivation function of p53 and induces its degradation by the ubiquitin
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pathway (Momand J., 1992; Wu XW. 1993; Bar-Or L., 2000; Lozano G., 1998; reviewed
in Prives C. 1999; Woods BD. 2001). MDM2 acts as a RING finger E3 ligase for the
ubiquitin degradation system (Honda R., 1997; Fang S., 2000; Midgley CA., 2000).
There is also evidence that the MDM2 protein shuttles p5S3 from the nucleus to the
cytosol for degradation (Roth J., 1998; Boyd SD., 2000; Geyer RK., 2000). The
importance of the p5S3 down-regulation by MDM?2 is evident in the results from in vivo
experiments with knockout mice. Mice null for MDM2 exhibit a high embryonic lethality
that is rescued in the double null phenotype MDM2-/-, p53 -/- (de Rozieres S., 2000;
Montes de Oca Luna R., 1995; Jones SN., 1995). In addition, the introduction of
antibodies or synthetic peptides that disrupt the MDM2-p53 interaction into the cells,
increases p53-dependent gene expression (Blaydes J.P., 1998; Blaydes J.P. 1997; Bottger

A. 1997).

The degradation of p53 by the ubiquitin pathway involving the action of MDM?2 is the
best-understood mechanism of pS3 down-regulation but is not the only one. p53 has been
reported to be degraded by the protease calpain (Kubbutat MHG., 1997; Pariat M., 1997,
Zhang W., 1997). There is also evidence suggesting that p53 can be kept in check by
maintaining the protein in a latent form. pS3 can be maintained in its latent form by the
interplay of several post-translational modification mechanisms and/or protein-protein
interactions. For example, the C-terminal domain of the p53 protein inhibits its sequence
specific DNA binding activity and this inhibition can be relieved by allosteric
modifications to this region (Hupp, 1992; Haapajarvi, T., 1997; Chemov, MV.,1998;

reviewed in Ko, LJ. 1996; Levine, A., 1997). Recent evidence suggests the involvement
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of the N-terminal domain of p53 in regulating its dissociation from DNA as well (Cain

C., 2000).

There is also evidence suggesting control of pS3 activity at the level of transcription of
the p53 gene, the translation of the p53 mRNA and the cellular localization of the p53
protein (Webster GA., 1999; Raman V., 2000; Fu L., 1996; Shaulsky G., 1991;Stommel

JM., 1999; Gaitonde S.V. 2000; reviewed in Vousden KH., 2000).

1.3.2. Up-regulation.

Intracellular pS3 levels can increase in response to different stresses e.g. DNA damage,
metabolic deprivation, hypoxia, oncogene expression, hyperthermia and defects in
chromosome segregation. This increase is accomplished mainly via stabilization of the
p53 protein and a decrease in its degradation (Kastan M.B., 1991; Maltzman W., 1984;
Eller M.S., 1987; Valenzuela M.T., 1997; Sablina .A., 1998; reviewed in Prives C. 1999,

Salles-Passador I. 1999; Ljungman M. 2000; Hupp T.R. 2000)

The stabilization of pS3 is accomplished by preventing the interaction between p53 and
MDM2, abolishing in this way the targeting of p53 for degradation (Haupt R., 1997). The
interaction between p53 and MDM2 is prevented by several mechanisms. One of these
mechanisms is the phosphorylation of the amino terminal domain of p53, which
physically hinders the binding site for MDM2 present on the p53 protein (Shieh SY.

1997; Unger T., 1999). Several kinases activated by cellular stress such as Ataxia
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Tanlangiectasia Mutant (ATM) and Checkpoint Kinase 2 (Chk2) have been reported to
induce phosphorylation of p53 at its N-terminal domain within the MDM2 binding site
(Shieh S-Y. 2000; Hirao A., 2000; Meek D.W. 1998; Lakin N.D. 1999). There is
evidence that this same goal can be accomplished by ATM-dependent phosporylation of
the MDM2 protein (Khosravi R., 1999). Another way of preventing the pS3-MDM2
interaction is by the intervention of the mouse p19 ARF or human p14 ARF protein, the
product of the p16INK4A locus, which binds to MDM2 (Midgley C.A., 2000). The p19
AREF protein is up regulated as a response to proliferative signals mediated by oncogenes.
pl9 ARF prevents the MDM2 dependent targeting of p53 for degradation by binding to
MDM?2, thus making it unavailable for its interaction with p53 (Pomerantz J., 1998;
Honda R., 1999; Weber J.D., 1999; reviewed in Prives C. 1999; Ashcroft M., 1999; Lowe
S.W., 1999). The p53-MDM?2 interaction is also down-regulated by the degradation of
MDM2 by the protein caspase 3 or by inhibiting the expression of the mdm2 gene
(Pochampally R., 1998; Pochampally R., 1999; Freedman D.A., 1999; Ashcroft M.,
2000; Ma Y., 2000). Post-translational modification of MDM2, phosphorylation and/or
sumoylation is yet another way of stabilizing p53 (Mayo L.D., 1997; Buschmann C.J,,
2000). Finally, the binding of other cellular proteins such as p300 and/or TAF 1131 to the
N-terminal domain of p53 has also been reported as another way of preventing the pS3-

MDM2 interaction (Yuan Z.M., 1999; Lambert P.F., 1998).
There is some evidence that suggests an increase in the translation of the p5S3 mRNA by

relieving a repressor mechanism (Sun X., 1995; Mosner J., 1995; Fu L., 1999; and

reviewed in Reisman D.1998). There are also reports of an increase in the transcription of
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the TPS3 gene, for example when there is an over expression of c-myc or NF-AB (Kirch

H.C., 1999; Reisman D., 1993; Sun X., 1995).

1.3.3. Modulation of p53 activity.

Increase in stability and as a result, in the cellular amount of p53 after insult, is a very
important event in the activation of the pS3 pathway but certainly not the only one.
Another important event is the change in the conformation of p53 and the induction of its

DNA binding activity (Hupp T.R. 1992).

Post-translational modification is one of the most versatile mechanisms to control the
activity of p53, modifying its sequence specific DNA binding function as well as its
interaction with other proteins (Meek D.W. 1999; Jayaraman L., 1999). Among the post-
translational modifications on p53 are phosphorylation, acetylation, O-glycosylation and

sumoylation (Gu W., 1997; Meel D.W. 1999; Prives C., 1999; Giaccia A.J., 1998).

p53 is phosphorylated by several protein kinases as a response to cellular insults. For
example, DNA dependent Protein Kinase (DNA-PK), CAK, ATM, ATR and JNKs have
been seen to phosphorylate pS3 at its amino-terminal domain as a response to DNA
damage (Siliciano JD. 1997; Woo RA., 1998; Tibbetts RS., 1999; Kachnic LA., 1999;
reviewed in Caspari T., 2000; Colman MS.,2000). Two other DNA damage-inducible
enzymes, Protein Kinase C (PKC) and Caseine Kinase II (CKII) phosphorylate p53 at its

carboxy-terminus (Sakaguchi K., 1998; Shaw P., 1996; reviewed in Prives C. 1999). The
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physiological meaning of these phosphorylation events is being investigated.
Phosphorylation of p53 at Serl5S and/or Ser 20 prevents the interaction of p53 with
MDM2 and induces the stabilization of the p53 protein (Craig A.L. 1999; Craig A.L.(b)
1999; Unger T., 1999; Shie S.Y., 2000; Chehab N.H., 2000) . In vitro experiments have
shown that phosphorylation of p53 at its C-terminal domain (Ser392) by CKII, activates
the latent DNA binding activity of p53 and phosphorylation of the equivalent site in the
murine protein may regulate the transactivation function of p53 (Hupp T.R., 1995; Hao
M., 1996). In general, it seems that covalent modifications to the C-terminal domain of
pS3 increase the p53 mediated gene expression. This increased transactivating function of
p53 may be the result of induction of the latent sequence-specific DNA binding ability of
p53 or reduction of its function as a non-sequence specific DNA binding protein. These
two activities are controlled by the C-terminal domain of pS3 (Hupp T.R., 1994;
Anderson M.E., 1997; Hoffmann R., 1998; Selivanova G. 1998). Among the
modifications at the C-terminal domain of p53 is its acetylation by p300/CBP and/or
PCAF (Sakaguchi K., 1998; Gu W., 1997; Liu L., 1999). The acetylation of pS3
correlates with an increase in p53 dependent transcription, and in agreement with this
result, its deacetylation has been reported to result in reduction of such transcription
activity (Juan L.J., 2000; Kobet E., 2000). p5S3 can be sumoylated and this event also
increases p53 transactivation activity (Gotissa M., 1999; Rodriguez M.S., 1999; Muller
S. 2000). Finally the glycosylation and ribosylation of p53 may also affect the stability

and activity of p53 (Vaziri H., 1997; Kumari S.R., 1998).

Another way to modulate its activity is the association of p53 with cellular and viral
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proteins such as BP1, BP2, SP1, MDM2, TFIIH and SV40 T antigen (reviewed in Hupp
T.R., 2000; Prives C. 1999; Levine A. 1997). The physiological importance of all these
associations is actively being investigated. Probably, one of the best understood is the
interaction of p53 with MDM2 as discussed previously. Even more, the binding of
MDM2 to the amino terminal domain of pS3 prevents the association of p5S3 with the
TATA Binding Protein (TBP), which is key for the transactivation function of p53 (Wu
X., 1993; Lozano G., 1998). The association between p53 and the transcriptional co-
activator p300 Creb Binding Protein (CBP) is important for p53 dependent gene
expression and apoptosis (Avantaggiati M.L., 1997; Gu W., 1997). Noteworthy, there are
also reports that show that phosphorylation at Ser 15 facilitates the interaction between
P53 and p300 and the subsequent acetylation of p53 (Lambert P.F. 1998; Fiscellla M.,
1993; Unger T., 1999). The interaction of pS3 with Ref-1 and HMG-1 activates pS3
function (Jayaraman L., 1998; Jayaraman L., 1997). Increased p53-dependent
transcriptional activation has also been observed as a result of interaction between p53
and other tumor suppressors like Wilm’s Tumor-1 (WT-1) and Breast Cancer |
(BRCAL) (reviewed in Sionov R.V. 1999). Some other cellular proteins bind to pS3 and
modulate its DNA binding affinity; these interactions will be discussed under DNA
binding activity of p53. Finally, the p53 mRNA can be spliced in at least two different
ways, giving rise to p53 proteins with different sizes and possibly with different functions
(Kulezs-Martin MF., 1994; Wolkowicz R., 1995). These results suggest that the effective
regulation of p53 may require the simultaneous or consecutive interplay of several

control mechanisms.

1
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The modulation described before increases the DNA binding activity of p53 and might
give the p53 molecules promoter selectivity. Nevertheless, the latent form of p53 is not
devoid of function. This form of pS3 exhibits some functions related to DNA repair i.e.
3°-5° exonuclease activity and is able to recognize ssDNA as well as unpaired bases.

(Janus F., 1999; Janus F. 1999a).

1.4. DOWNSTREAM EFFECTS OF P53 ACTIVATION.

pS3 downstream effects depend on the cell type and also on the kind and magnitude of
the insult as evidenced by gene profiling experiments (Zhao R., 2000; Midgley C.A.,
1995; Chen X., 1996; reviewed in Kumaravel S., 2000; Prives C.., 1999 ; Agarwal ML.
1998). Besides the gene profiling type of experiments, analysis of phosphorylation of p53
at different amino acid residues reveals that different stimuli can induce phosphorylation

of different residues in the same cell type (Webley K., 2000).

Transcriptional activation, transcriptional repression, and protein-protein interactions
mediate the downstream effects of p53 activity. Among those downstream events are
growth arrest and/or apoptosis. Cells with high proliferative characteristics such as colon
epithelium and hemopoetic ones require a strong control of cell growth and pS3 generally
induces apoptosis in these type of tissues compare to its induction of growth arrest in
tissues with lower proliferative activity (reviewed by Chumakov PM., 1999) . The p53-
induced growth arrest can be G1, G2 or post-mitotic (Kastan, MB.,1992; Agarwal, ML,

1995; Cross, SM., 1995 ; reviewed in Agarwal ML. 1998; Schwartz D. 1998; Rotter V.
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1998; Levine AJ. 1997; Teyssier F. 1999). There is also evidence for the involvement of
pS53 in the pre-meiotic checkpoint (reviewed in Schwartz D., 1998). The growth arrest
gives the cell time to repair the damaged DNA. The DNA damage repair is also
orchestrated in part, by p53 (Kastan MB. 1991; Kuerbitz SJ. 1992; reviewed in Janus F.

1999; Ko LJ. 1996).

The p53-dependent G1 arrest is mediated mainly through the up-regulation of the cyclin-
dependent kinase (CDK) inhibitor protein p21/wafl (Waldman T., 1995; Deng C., 1995;
Brugarolas J., 1995). The p21 protein inhibits the phosphorylation of the Rb protein
required for progression to the S phase of the cell cycle (Sherr C.J., 1998). In addition,
the p21 protein also binds to the Proliferating Cell Nuclear Antigen (PCNA) and
decreases the processivity of the DNA polymerase, helping to switch the cell from a
replicative state to a reparative one (Waga S., 1994). The p21 protein is also implicated in
the contribution of p53 to the G2 growth arrest (El-Deiry W.S., 1993; Agami R., 2000;
Mailand N., 2000). Besides the p21 protein, there are other p53 effectors that intervene in
the G2 growth arrest. Amongst these effectors are the gene products Reprimo, 14-3-3
sigma, B99 and GADD45 (Ohki, R. 2000; Chan T.A.1999; Utrera R. 1998). The 14-3-3-
sigma gene product binds to the cdc25 phosphatase and prevents it from acting upon
cyclin B/cdc2, an event required for the G2/M progression). The GADD45 gene product
binds to and inhibits the cyclin B/cdc2 complex. The over expression of B99 leads to G2
growth arrest but its mechanism of action is not clear yet (Laronga C., 2000; Zhan Q.

1999; Hermeking H., 1997).

13
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Another possible consequence of the activation of p53 is for the cell to undergo apoptosis
(Jonish-Rouach E. 1991; Lowe S., 1993; reviewed in Schwartz, D. 1998; Gottlieb MT.
1998; Agarwal ML. 1998; O’Connell, MJ. 2000; Voudesn K.H., 2000). p53 induces
apoptosis in response to unrepaired DNA and the apoptotic response seems to correlate
with the levels of p53 , the extent of the DNA damage and the inhibition of DNA repair (
Gao Y., 2000; Chen X., 1996; Beneke R. 2000). Although the transactivation function of
p53 seems to be involved in its apoptotic response to DNA damage, p53—dependent
apoptosis can be achieved without it (Caelles C., 1994; Wagner A.J., 1994; Haupt Y.,
1995). There is evidence that suggests that the cellular pS3-dependent apoptosis that do
not require activation of transcription may be dependent on the ability of p53 to bind
DNA in a non-sequence specific way and that it is linked to the DNA repair mechanism
(Wang X.W., 1996; Spillare E.A., 1999). The transcriptional independent apoptotic
activity of p53 is mediated by the activation of the caspase pathway and by translocation

of Fas receptor molecules from the Golgi to the cell surface (Ding H.F., 2000; Bennett

M., 1998).

p53 can also induce apoptosis by increasing transcription of some pro-apoptotic genes.
One of these is bax; this gene belongs the Bcl-2 family and its gene product promotes the
release of cytochrome ¢ from the mitochondrion activating the caspase pathway, which
ends in cellular apoptosis (Oltvai Z.N., 1994; Rosse T., 1998; Srinivasula S.M., 1998).
Other pro-apoptotic proteins induced by pS3 are Noxa and p53Alpl. p53 also up-
regulates the death receptor proteins PIDD, KILLER/ DRS, and Fas (Oda E., 2000a; Lin

Y., 2000; Wu G.S., 1999; Sheikh M.S., 1998; Muller M., 1997; Owen-Schaub L.B.,
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1995; Selvakumaran M., 1994; Miyashita T., 1994). Besides activating transcription of
pro-apoptotic genes, pS3 also down-regulates the transcription of the anti-apoptotic
protein Bcl-2, and of the survival signals IGF-II and IGF-1R (Haldar S., 1994; Findley

H.W., 1997; Zhang L., 1998; Wemer H., 1996).

It is not clear what makes pS3 induce either growth arrest or apoptosis, although there is
evidence suggesting that the presence of some forms of the JMY protein, a co-factor for
p300, determines, at least in part, whether pS3 induces growth arrest or apoptosis. High
levels of E2F also induce p53-dependent apoptosis and may be by overriding the growth
arrest pathway. Finally, p53 regulates some redox enzymes like PIG-3, PIG-6, and PIG-
12, which induce apoptosis by formation of reactive oxygen intermediates (ROI)

(Shikama N., 1999; Sherr C.J., 2000; Hiebert S.W., 1995; Polyak K., 1997).

p53 activity has also been implicated in DNA repair and there seems to be a direct
correlation between p53 and the nucleotide excision repair mechanisms (NER). p53 up-
regulates the GADD45 and XPE gene products, which are involved in DNA repair (Ford
JM. 1998; Wang X.W., 1996; reviewed in van Steeg H., 2001; Yuangang L., 2001).
Some of the biochemical features of pS3 predict its involvement in DNA repair. For
example, p53 can mediate ssDNA reannealing as well as mediate rejoining of DNA
double strand breaks. In vivo studies show that pS53 can inhibit chromosomal
recombination. p53 has 3°-5° exonuclease activity (Bakalking G., 1994; Huang L.C.,
1996; Tang W., 1999; Bill C.A., 1997; Wiesmuller L., 1996; Mekeel K.L., 1997;

Mummenbrauer T., 1996). Also there is evidence that pS53 participates in the base
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excision repair pathway (BER) (Offer H., 1999; Zhou J., 2001).

LS. PS3IS A TRANSCRIPTION FACTOR.

As discussed before, one of the consequences of p53 activation is the up-regulation of
genes producing effector proteins. This up-regulation is exerted at the level of activation

of transcription of the effector genes.

p53 belongs to the acidic activator class of transcription factors (Fields, S. 1990;
Raycroft, L. 1990). In vitro and in vivo experiments have shown that p5S3 can activate
transcription of reporter genes having the p53-binding site in their promoter region
(Farmer G., 1992; Michalovitz D. 1990; Fields S. 1990; Raycroft L. 1990; Martinez J
1991; reviewed in Vogelstein B. 1992; Prives C. 1999). In addition, the transcriptional
activity of p53 correlates with its up-regulation in response to DNA damage (Kastan M.,
1991; Zhang W., 1994). The transactivation function of p53 is responsible, at least in
part, for the observed responses to p53 activation that we described before, such as
growth arrest, apoptosis and antiangiogenesis (reviewed in Ko LJ. 1996; Levine AlJ.

1997).

pS3 exerts its transactivation function by binding to p53 response elements located in
regulatory regions of the genes seen to respond to p53 transactivation function. Many
genomic pS53-response elements have been identified, although their position relative to
the promoter varies from gene to gene. For example, the mdm2 gene has two pS3
consensus sites in its second promoter (P2), located in the first intron. The cd95 gene also

has the p53 cognate site in its first intron while for gadd45, the p53 cognate site is located
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in the third intron. The p21/waf 1 gene, the main effector of p5S3-mediated G1 arrest, has
two p53 response elements in its promoter, and there is evidence that pS3 selectively uses
one or the other depending on the signaling pathway. Other genes having p53 response
element in their promoters are the p53-dependent apoptosis mediators, bax and PIG-3
(Wu X, 1993; El-Deiry W.S., 1993; El-Deiry W.S., 1995; Resnick-Silverman L., 1998;
Miyashita T., 1995; Polyak K., 1997). It has been proposed that DNA loop formation

might be the mechanism for p53 transactivation function (Stennger J.E., 1994).

Besides activating transcription of genes that control cell growth, prevent angiogenesis or
promote apoptosis, the tumor suppressor function of p53 also involves the repression of
transcription of some cellular as well as viral DNA elements. Among the DNA elements
repressed by p53 are: HIV LTR, the SV40 large T antigen gene and the cellular genes c-
fos IL6, c-myc and insulin receptor which are involved in promoting growth by protein-
protein interactions.(Gingsberg D., 1991; Sanhtanam U., 1991; Subler M., 1992; Morberg
KH., 1992; Webster NJG., 1996). Finally, p53 inhibits transcription of some
antiapoptotic factors including Bcl2 and RelA (reviewed in El-Deiry ES. 1998; Ko LJ
1999). The p53 repression of transcription seems to depend on the C-Terminal domain of
the protein and its ability to interact with members of the basal transcription machinery
like TBP and suppress the activity of TFIID (Liu X., 1993; Cairns C.A., 1998). The idea
of transcriptional repression by pS3 not depending on its sequence-specific DNA binding
activity is now changing, and there are reports suggesting the existence of p53-specific
DNA sites for p53 transcriptional repression (Li B. 2001; Krause K. 2001). Noteworthy is

the fact that p53 also inhibits the transactivation function of other transcription factors
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such as the TBP, SP1, HIF-1, and STATS. This inhibition of transcription is mainly via
protein-protein interactions. (Miu X., 1993; Bargonetti J., 1997; Blagosklonny M.V,

1998; YuC.L., 1997).

The number of genes that respond to p53 transcriptional regulation (activation/
repression) is increasing and estimated to be around 70 for each (El-Deiry W.S., 1998).
Nevertheless, there are other cellular responses to pS3 activation that do not depend on
the function of p53 as a transcription factor; their mechanistic details are not clear yet

(reviewed in Zhan QM. 1998).

1.6. PS3 IS A DNA BINDING PROTEIN.

The transactivation function of p53 greatly depends on the ability of the protein to bind
DNA, in a sequence specific manner, to the p53-response elements located within the p53
effector genes (reviewed in Levine AJ. 1997; Ko LJ., 1996). p53 is a sequence specific
DNA binding phosphoprotein that binds as a tetramer to two adjacent copies of the
palindromic consensus sequence Pu-Pu-Pu-C-A/T-T/A-G-Py-Py-Py, via a loop-helix-
loop motif. The two copies have an intervening DNA segment between 0 and 13 base
pairs long (Kern SE., 1991; Bargonetti J., 1991; El-Deiry WS., 1992 Jeffley PD., 1995;

McLure KG., 1998; reviewed in Vogelstein B. 1992; Zambetti GP. 1993).

The sequence specific DNA binding activity of p53 increases upon cellular stress via

post-translational modifications and protein-protein interactions. Although the region of

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



pS53 that binds DNA in a sequence-specific manner is located in the middle of the protein,
its C-terminal portion seems to regulate such activity. This C-terminal domain of p53
keeps p53 in a latent state for sequence specific DNA binding. The negative regulation of
the binding activity of p53 can be overcome by modification to the C-terminal domain of
p53. These modifications can be post-translational modifications, protein-protein
interactions, proteolytic truncation or alternative splicing (reviewed in Hupp T.R., 1994;
Ko L.J., 1996). For example, the product of the 14-3-3gamma gene, and the c-Abl protein
increase the DNA binding activity of p53 by binding to its C- terminus, while the
Replication protein A (RPA) has been shown to decrease such activity when bound to the
N-terminal domain of p53. (Watermann M.J., 1998; Nie Y., 2000; Miller S.D., 1997). In
general, modification to the C-terminal domain of p53 like its phosphorylation by Protein
Kinase C (PKC) or cdk and its association with the PAb 421, increase p53 sequence-
specific DNA binding activity (Takenaka I., 1995; Wang Y., 1995). Another modification
shown to increase sequence-specific DNA binding activity of pS3 is the acetylation of its
C-terminal domain by p300/CBP. This in turn, which is facilitated by the phosphorylation
of p53 at its N-terminus (Sakaguchi K., 1998). The binding of ssDNA to the C-terminal
region of pS3 also relieves the inhibition exerted by this domain on p5S3 DNA binding
function (Jarayaman L., 1995; Bakalking G., 1995). The reduction state of p53 is another
modifier of its DNA binding activity, due to the presence of seven cysteine residues in
the DNA binding domain of p53. (Hainaut P., 1993; Sun Y., 1996). In agreement with
this idea is the observation that thioredoxin and Ref-1 (an enzyme involved in the
response to oxidative stress) are capable of stimulating p53 DNA binding (Ueno M,,

1999). It seems that the DNA binding activity of p53 not only depends on the p53 status
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but also on chromatin factors. For example the non-histone chromosomal protein High

mobility group protein —1 (HMG-1) also increases such activity (Jarayaman L., 1998).

Besides its sequence-specific DNA binding activity, p53 has also been observed to bind
DNA in a non-sequence-specific manner. p53 can bind ssDNA, as mentioned before, and
this binding not only impinges upon the binding of p53 to its cognate sites but also has
been seen to facilitate its annealing and strand transfer activities (Bakalking G., 1994).
P53 can bind to several DNA structures that represent intermediates of DNA damage and
repair. Examples of these structures are nicked or damaged DNA with free ends,
mismatched duplex DNA, triple stranded DNA and Holliday junctions. (Reed M., 1995;
Lee S., 1995; lee S., 1997; Dudenhoffer C., 1998). The non-sequence-specific DNA
binding activity of p53 suggests a role for p53 in DNA repair, but the physiological

meaning of this biochemical feature of p53 in still under investigation.

1.7. STRUCTURAL FEATURES OF PS3.

The human p53 protein has 393 amino acids and structurally can be divided into three
main domains. Each one of these domains is responsible for one or more of the
biochemical activities attributed to the p53 protein and some of them can be further

subdivided into functional sub domains.

Within the N- terminus of p53, which extends between amino acid residues 1 and 100,

there is a region responsible for the transactivation function of the protein, amino acids 1-
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42 (Fields S., 1990; Unger T. 1992; Miller CW. 1992). This transactivation domain
interacts with several proteins involved in the regulation of the p53 function. Among
these proteins are the members of the general transcription machinery TBP, TATA
Associated Factors 1140, 1160, 1131, II 70 (TAFII40) (TAFII60) (TAFII31)}TAFII70) and
the p300/CBP co activator (Martin DW. 1993; Xiao H., 1994; Thut C.J., 1995; Lu H.,
1995; Scolnick D.M., 1995; Lill N.L. 1997; Gu W. 1997). The amino terminal domain
also plays a role in the degradation of p53 due to the fact that the interaction with MDM2
described before maps to this region (Momand G.P. 1992; Haupt R. 1997; Kubbutat
M.H.G. 1997). The N-terminus of p53 is the target for several phosphorylation events
that modulate its function by either changing the conformation of the protein or by
blocking its association with other polypeptides (Shieh S-Y. 1997; Fuchs S.Y. 1998;
Pise-Masison C.A. 1998). A proline rich sub-domain, amino acids 63-97, contains the
PXXP element and is required for the full tumor suppressor activity of p53. This N-
terminal proline rich sub-domain is characteristic of proteins that interact with peptides
containing the SH3 domain and seems to participate in the pS3 transcription-dependent
and transcription-independent apoptotic response (Gorina S. 1996; Walker K.K.1996;

Venot C. 1998; Sakamuro D. 1997).

The central domain of pS3, amino acids 100 to 300, is responsible for its sequence
specific DNA binding activity and is highly conserved among vertebrates. This domain
of p53 recognizes and binds to the consensus sequence described before (Bargonetti J.,
1993; Pavletich N.P. 1993; Cho Y. 1994; Pietenpol J.A. 1994; reviewed in Milner J.

1995; Zambetti GP. 1993; Ko LJ. 1996). Most of the oncogenic mutants that have been
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characterized result from point mutations in this central region (Reviewed by Vogelstein
B., 1992) and these mutant forms of p53 do not bind DNA in a sequence specific manner.
Thus, one important event in tumor formation seems to be the inability of p53 to bind to
its cognate sites in the genome. Besides being responsible for the sequence-specific DNA
binding activity of p53, this central domain also exhibits some degree of non-sequence-

specific DNA binding activity (Selivanova G., 1996).

The carboxyl terminal domain, encompassed by amino acid residues 300 to 393, is
responsible for several of the biochemical activities of p53. First, a locus between amino
acids 305 and 323 has a nuclear localization signal (Sahulsky G.1990; Addison C.1990).
Second, it has the oligomerization sub-domain between amino acid residues 323 —355.
This oligomerization sub-domain exhibits an alpha sheet-turn-beta helix motif, which
forms a tetramer composed by a dimmer of two dimmers and is linked to the DNA
binding domain by a flexible hinge (Stenger 1992; Clore G.M., 1994; Lee W., 1994,
Jeffrey P.D., 1995; Waterman J.L. 1995). Mutations in the tetramerization domain of p53
have been identified in human cancers; these mutations induce a dimmeric or monomeric
configuration of pS3 instead of the tetrameric one and exhibit reduced specific DNA
binding activity (Clore G.M., 1995; Davison T.S. 1998; Lomax M.E.1998). Third, the
non-specific DNA binding activity of p53 is also located within its carboxyl terminal.
This activity of p53 maps to the last 30 amino acid residues of the protein, which is a
very basic region. This sub domain of p53 participates in the DNA repair and allosteric

regulation of the sequence-specific DNA binding function of p53 discussed before.
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Fourth, the p53 dependent repression of transcription also maps to the C-terminal region

of p53.

The C-terminal portion of the pS3 protein participates in several protein-protein
interactions and is the target of some of the post-translational modification described
before (Wang Y., 1993; Lee S. 1995; Bakalkin G., 1994; Bayle J.H., 1995; Hupp T.R.,
1994; Meek W.D. 1997; reviewed by Prives C. 1998). Some of the modifications to the
C-terminus of p53 correlate with in vivo increase in rate of pS3-dependent transcriptional

activation (Hupp T.R. 1995; Abarzua P. 1995; Caron de Fromental, 1999).
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1.8. HYPOTHESIS.

As mentioned in the background, in vitro and in vivo experiments have shown that p53
has the ability to associate with other proteins and that this association modulates p53
function. Some of these interactions chemically modify p53, as is the case of the
interactions with kinases and acetylases. Other interactions decrease the activity of pS3
by physically blocking its activation domain or by promoting the degradation of p53 e.g.
p53-MDM2 interaction. The significance of other interactions between pS3 and cellular
or viral proteins is still under investigation. For example, the ubiquitous transcription
factor SP1 associates with p53 and the Spl-p53 complex binds DNA. Furthermore, there
is an Sp1-p53 binding motif present in some regulatory DNA regions and Spl binding to
DNA changes in the presence of a mutant pS3 which is not able to bind DNA on its own

(Borellini. F. 1993; Bargonetti J. 1997; Borellini. F. 1997; Macleod, M.C. 1993).

Of great importance because of its role in transcription, is the association between p53
and TBP as well as the TATA associated factors TAF II 40 and TAF II 60 (Seto E. 1992;
Liu, X. 1993; Truant, R. 1995). Mapping experiments have shown that the interaction
between p53 and TBP occurs at two different sites on the p53 protein. TBP binds to the
amino terminal domain of p53, which is the part of the protein, required for activating
transcription. TBP also binds to the carboxyl terminal domain of p53, which is involved
in the tetramerization and negative regulation of its specific DNA binding activity.
TAFII40 and TAFII60, two of the TBP associated factors, bind to p53 at the amino

terminus as well. (Truant R, 1992; Liu X. 1993 Horikooshi N. 1995).
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Parallel experiments of co- immunoprecipitation and activation of transcription (in vitro
and co-transfection) comparing wild- p53 and some pS3 mutants have shown that the
mutant forms of p53 that do not associate with TBP also exhibit a deficiency in the p53
dependent transactivation function (Chang J.1995). We have seen, in our laboratory, that
the binding of p53 to its consensus site in the second promoter of the mdm2 gene, mdm?2
P2, changes the footprint of the nearby TATA box, indicating that p53 and TBP interact
in vivo (Xiao G., 1998). Because of this evidence, it has been proposed that the
transactivation function of p53 is given by its ability to recruit TBP and/or TFIID to the

promoter.

The experiments examining protein-protein associations involving p53 have been done
with purified proteins and in some cases, with in vitro translated proteins and/or fusion
proteins (TBP, p53). These experiments, although highly informative regarding possible
protein-protein interactions, do not permit the analysis of such interactions under the
presence of other cellular components that might modulate the protein-protein
interaction. Additionally, they have not compared a number of the associations in
different cell types, different cellular environment or different types of stress such as
DNA damage. Another important element missing from these experiments is the
contribution of the DNA (p53 binding site) as an active member of the protein
complexes. Most of the experiments showing association between p53, TBP, TAFII40
and TAFII60 have been performed by co-immunoprecipitation, which means that they do

not address the contribution of the p53 binding site. They give information about protein-
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protein interaction but show nothing about the protein-DNA complex. Besides, given that
the anti p53 antibodies do not react with all the pS3 conformations in the same way,
choosing one antibody for the immunoprecipitation imposes an arbitrary bias towards

which p53 molecules are being studied and which ones are being excluded.

In order to bridge the gap between the co-immunoprecipitation of in vitro translated
proteins type of experiments and more physiologically relevant ones, we decided to
study the interaction between p53 and some of its associated proteins by DNA affinity
chromatography using extracts derived from different cell types. The p53 cellular level,
under normal circumstances, is very low but upon DNA damage it is increased due to
decreased degradation of the protein (reviewed in Hall, P. A. 1993). Because of this
and in order to have a system with higher amount of p53, we set up the experimental
conditions using the temperature-sensitive (ts) mutant p5S3 Val 135 present in the mouse
fibroblast cell line 3-4. The ts mutant p53 Val 135 provides a well-documented system

for wild-type p53 dependent growth arrest, when the cells are shifted to 32 °C after being

grown at 37 °C (Michalovitz, D. 1990; Martinez, J. 1991).

The DNA affinity chromatography gave us the opportunity of including different p53-
binding sites as key elements in the association of pS3 and other cellular proteins. The
goal of this thesis has been to identify patterns of associated cellular proteins that

interact with three different pS3-binding sites, Ribosomal Gene Cluster (RGC) The

binding site in the second promoter of the mdm2 gene ( mdm2 P2) and the Super
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consensus Sequence (SCS) with and without p5S3 bound to these DNA elements. The
p53-binding site present in the promoter 2 of the mdm2 gene (mdm2 P2) participates in
the p53 dependent activation of transcription of the mdm2 gene (Juven T. 1993). The
p53-binding site RGC was the first one identified as cognate for pS3 and is located in a
non-transcribed region of the cluster, near an origin of replication (Kern SE. 1991). The
physiological relevance of this site is not known. The SCS is an ideal p53-binding site
that does not exist in the genome (Halazonetis, T.D., 1993). We also analyzed the p53-

dependent recruitment of TFIID to the p53 sites described.

We have analyzed the temperature sensitive mutant p53 Val 135 from 3-4 cells as well as
wild-type p53 expressed in baculovirus infected Sf21 cells. The p53 present in the 3-4
cells was a mouse p53, while the one expressed in the Sf21 cells corresponded to the
human protein. When comparing results from these two proteins, it is important to keep
in mind that they had different origins and because of that, these two forms of p53 might
not behave identically. Nevertheless, there is evidence suggesting that their behavior is
very similar and that physiologically, they are comparable. p53 is a highly conserved
protein at the level of amino acid sequence. Knock-in experiments have shown that a
chimeric mouse protein having the DNA binding domain of the human p53, behaves as a
functional equivalent to the endogenous murine p53. Crystallographic analysis shows that
the DNA binding domain of the mouse p53-DNA complex exhibits architectural features
very similar to that exhibited by the human p53 core domain-DNA complex. It also has
been shown that murine p53 can replace human p53 in competition experiments when

analyzing p53-DNA complexes. In addition, hybrid oligomers (human-murine p53) have
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been shown to be competent for DNA binding with a binding affinity similar to either
homo-oligomer. Also, functional experiments using murine and human p53 proteins have
shown the same results (Luo JL. 2001; Zhao K. 2001; Hall AR. 1995;Seto E. 1992).
Finally, work done in our laboratory showed that human p53 from TR9-7 cells presented
a DNA binding behavior similar to the results from the mouse protein that we present in
this work. Together, this evidence suggests that the comparison between the murine and
the human p53 protein presented in this work is valid if analyzed with this technical

feature in mind.

R
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2. MATERIALS AND METHODS.

2.1. CELL LINES AND EXTRACTS.

The 10-1 is a mouse fibroblast cell line that does not have p53 because the p53 gene is
deleted (Martinez J.1991). The 3-4 is a stable p53 expressing cell line derived from the
10-1 cells by co-transfection with the temperature-sensitive (Ts) mutant p53-Vall35
plasmid ppLTRpS53cGvall35 (Michelovitz D. 1990) and a Neomycin resistant one.
Spodoptera frugiperda (Sf21) cells were infected with a recombinant baculovirus

expressing wild-type human p53.

The 3-4 and 10-1 cells were grown at 37 °C in Dulbecco’s Modified Eagle Medium
(DMEM) (GIBCO) supplemented with 10% heat- inactivated Fetal Bovine Serum (FBS).
When the plates reached 80% confluence, the cells were grown at 32 °C for 4 hours. The
cells were harvested with 500 micro liters of lyses buffer per plate, 8.8 milliliters of stock
buffer (Hepes pH 7.5, 20mM; Glycerol, 20%; NaCl, 10mM; MgCl,, 1.5 mM; EDTA, 0.2
mM; Triton X-100, 0.1%; DTT, ImM; PMSF, 1mM; Aprotinin, S0 micrograms/ ml.;
Leupeptin, 50 micro molar.) and 6.2 milliliters of water. The cell suspension was
centrifuged at 2,000 rpm for 15 minutes to pellet the nuclei. The pellet was resuspended
in 500 micro liters (per plate) of nuclear lyses buffer (stock buffer 8.8 ml., NaCl SM 1.47
ml. water 4.7 ml) and rocked for 1 hour at 4 °C. The preparation was then centrifuged in
a microfuge for 10 minutes, to pellet the debris. The supernatant was recovered, aliquoted

and kept at —80 °C for further use.
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Sf21 cells were grown at 27 °C in TC-100 medium (GIBCO), supplemented with 10%
heat-inactivated Fetal Bovine Serum. The cells were infected with recombinant
baculovirus containing the human p53 gene and harvested 48 hours later by
centrifugation at 2,000 rpm for 15 minutes. The pellet was resuspended in 1.6 milliliters
of Cowi lyses buffer per plate. The suspension was left on ice for 30 minutes then it was
spun at 2,000 rpm for 15 minutes. The supernatant was recovered and spun in a SS34

rotor at 20,000 rpm for 30 minutes, aliquoted and kept at —80 °C.
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2.2. DNA AFFINITY CHROMATOGRAPHY.

Three DNA affinity columns were made containing different p53 binding sites. One of
them was devised from the p53-binding site present in the Ribosomal Gene Cluster
(RGC); another was from the site present in the Promoter two of the mdm2 gene (mdm2
P2) and finally, the synthetic p53-binding site Super Consensus Sequence (SCS) was also
used. As a negative, control also we made an affinity column with a mutated version of

the RGC site (mtRGC). The general procedure for our work is represented in Fig. 2.2.1.

The synthetic deoxyoligonucleotides used to construct the DNA affinity columns were:

RGC:
5’ TCGAGTTGCCTGGACTTGCCTGGCCTTGCCTTTTC3’

MDM2-P2:
S’GATCCCTGGTCAAGTTGGGACACGTCCGGCGTCGGCTGTCGGAGGAGCT

AAGTCCTGACATGTCTCCG3’

SCS:
S’TCGAGCCGGGCATGTCCGGGCATGTCCGGGCATGTC3'

mtRGC:
5’ TCGAGTTTAATGGACTTTAATGGCCTTTAATTTTC3’

n
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The corresponding deoxyoligonucletides were hybridized (65 ug of each ssDNA
fragment) (88°C, 2 minutes; 65 °C, 10 minutes; 37°C, 10 minutes and, room temperature,
5 minutes) and phosphorylated with SuCi of Gama ‘P ATP, using T4 PNK (100U)
according to the manufacturer’s specifications. The total reaction volume for the
phosphorylation was 120 ul. The phosphorylated and hybridized DNA was then ethanol
precipitated. Before coupling the corresponding DNA to the Sepharose matrix, the
deoxyoligonucleotides were ligated to enrich for 10mer fragments. The ligation was
carried out using T4 DNA ligase, 30U/ 200-ul total volume. The ligation reaction was
performed over night at 15 °C. The extent of ligation was monitored by resolving 0.5 ul
of the reaction mixture in a 15% agarose and gel visualizing the DNA with ethidium
bromide Fig. 2.2.3. The columns were made by cross-linking 130ug of the respective
dsDNA deoxyoligonucletides to 1 ml of CNBr activated Sepharose, according to the
method of Kadonaga (Kadonaga, J.T. 1986). We used two variations of the method for
the cross linking procedure. We activated the Sepharose beads with CNBr according to
the regular protocol (Kadonaga, J.T. 1986). Later on, we used commercially available
CNBr activated Sepharose (Pharmacia) (Current protocols in Molecular Biology,
alternate protocol). We did not observe any difference in the performance of the DNA

affinity columns prepared either way.
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The cross linking reaction was carried out over night (12 hrs) at room temperature.
After the coupling reaction, the resin was washed as indicated in protocol (Kadonaga,
JT., 1986) and the binding of DNA to the Sepharose matrix was monitored by tracking

the radioactivity during the washing steps.

The DNA affinity chromatography experiments were normalized for the amount of p53
loaded onto each column. In the case of the 3-4 and Sf21 cells 10 ug of p53 were used.
For the 10-1 cells, the amount of total protein corresponding to that of the 3-4 cells was
used, this values changed from experiment to experiment but was always between 7 and
12 mg). The Sephacryl excluded nuclear extract prepared as discussed in numeral 2.3
below, was incubated (15 minutes, room temperature) with competitor DNA (Herring
sperm DNA; 5ng/ 1 ug of total protein) before loading onto the affinity column. After the
incubation, the sample was passed through the corresponding DNA affinity column 10
times, at gravity flow. Then, the column was washed 4 times with 2 milliliters of buffer Z
0.1 molar KCI and eluted with 1 milliliter fractions of buffer Z with increasing salt
concentration (KCL, 0.2 to 1.0 molar). The fractions were collected and kept at —80 °C
for further use. Buffer Z was 25 mM Hepes (K"), pH 7.8/ 12.5 mM MgCL / ImM
dithiothreitol/ 20% (vol/vol) glycerol/ 0.1% (vol/vol) Nonident P-40. A diagram for the

DNA affinity chromatography is presented in Fig. 2.2.2.

The theoretical binding capacity for the DNA affinity columns were calculated based on
the formula 7nmoles/1 ml of resin/ 20 bp binding site (Kadonaga, J.T. 1986) and
assuming p53 was bound as a tetramer. According to Kadonaga, JT. 1986, the DNA

affinity columns yield 30% of the calculated binding capacity.
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A. Conversion factor for size of the oligo:
RGC: 35bp/20bp = 1.75
Mdm2 P2: 68bp/20bp = 3.4

SCS: 36bp/20 bp = 1.8

B. Theoretical nmoles of p53/1 ml resin:
RGC: 7nmoles /1.75= 4nmoles
Mdm2 P2: 7nmoles /3.4 = 2nmoles

SCS: 7nmoles / 1.8 = 3.9 nmoles

C. Theoretical binding capacity of the DNA affinity columns or amount of p53/1ml
of resin:

0.1nmol of monomeric p53 =5.3 ug .

0.1 nmol of tetrameric p53 = 21.2 ug.

RGC: 4 nmol x (21.2 ug/ 0.1nmol) = 848 ug.

Mdm2 P2: 2 nmol x (21.2 ug/ 0.1 nmol) = 424 ug.

SCS: 3.9 nmol x (21.2 ug/ 0.1 nmol) = 826.8 ug.

Theoretical maximum amount of p53 that can be eluted from the DNA affinity
columns: 30% of C.

RGC: 848 ug x (30/100) = 254 4 ug of pS3

Mdm2 P2: 424 ug x (30/100) = 127.2 ug of p53.

SCS: 826.8 ug x (30/100) = 248 ug of p53.
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2.2.1. General Procedure.
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2.2.2. Diagram of DNA affinity chromatography.
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Adapted from “Methods in Molecular Biology”.
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2.2.3. Ligation of the Mdm2 P2 deoxyoligonucleotide.

1 ul of the ligation reaction was resolved in a 4% agarose gel and then visualized by
ethidium bromide staining. Lane 1, M, DNA ladder; lane 2,UL, I ul of the reaction

mixture before ligation; lane 3, L, 1 ul of the reaction mixture after over night ligation.
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2.3. SEPHACRYL S300 GEL FILTRATION.

The crude nuclear extracts were passed through a column made of Sephacryl S300
(Pharmacia) and the gel filtration procedure was performed according to the
manufacturer’s specifications. The gel filtration column was twenty-five (25) centimeters
in length and two (2) centimeters in diameter. 0.1 molar KCI Tris buffer (TM") was used
to run the column. Twenty-five (25) fractions, 1 milliliter each, were collected. The first

ten (10) fractions were discarded (void volume) and the remaining fifteen (15) fractions

were pooled and stored at — 80°C.

24. ELECTROPHORETIC MOBILITY SHIFT ASSAY.

The corresponding deoxyoligonucleotides were radio labeled with *> P using Klenow
enzyme. The samples and *?P labeled synthetic deoxyoligonucleotides (Operon) were
incubated under DNA binding conditions ( Hepes pH 7.8, 20mMolar; KCl, 100mMolar;
EDTA, 1mMolar; Glycerol, 10%; DTT, ImMolar; salmon sperm DNA, lug per 30 micro
liters reaction). The incubation time was 20 minutes. The samples were then resolved on
a 4% nondenaturating acrylamide gel and visualized by autoradiography. The
deoxyoligonucletides used were Super Consensus Sequence (SCS) (Operon) to detect
p53 DNA binding activity and TFIID consensus oligonucleotide (Santa Cruz) to detect

TBP DNA binding activity.

3R
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2.5. WESTERN BLOT.

The samples were resolved by SDS-PAGE on a 10% acrylamide gel and transferred over
night at 0.3 amperes, to a nitrocellulose membrane. The membranes were probed with the
corresponding antibodies as indicated. For pS3 we used PAb 421, 1801 and 240 produced
in hybridoma cells, Dr. Jill Bargonetti laboratory and for TFIID we used anti TBP from

Santa Cruz.

2.6. METABOLIC LABELING WITH *s.

The cells were grown in Dulbeco’s Modified Eagle Medium (95 % Methionine free and
5% complete) supplemented with **S Methionine (20 uCi/ml.) for 5 hours. The proteins

were resolved by SDS-PAGE electrophoresis and visualized by autoradiography.

2.7. QUANTIFICATION.

The experiments were normalized either for total protein or for the amount of p53. The
Bradford method (Biorad) was used to determine the amount of total protein contained in
the nuclear extracts as well as in the Sephacryl fraction pool. The amount of pS3 was

determined by densitometry and analyzed using Image Quant software.

9
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CHAPTER 3.

SITE SPECIFIC ISOLATION OF P53 BY MDM2 P2 AFFINITY

CHROMATOGRAPHY.

3.1. INTRODUCTION.

p53 and MDM?2 proteins are two members of a negative feedback loop mechanism in
which p53 activates transcription of the mdm2 gene and the mdm2 gene product mediates
the inactivation and degradation of p53. The MDM2 protein promotes degradation of
p53, in part by binding to the amino terminal domain of p53. In this way, MDM2 targets
pS3 for degradation by the ubiquitin pathway, given that MDM?2 acts as an E3 ligase in
the ubiquitin degradation system. Another way in which MDM2 facilitates degradation of
p53 is by shuttling p53 from the nucleus to the cytoplasm where the degradation of the
protein takes place. Besides promoting its degradation, the binding of MDM2 to the N-
terminus of p53 also results in its inactivation because this binding compromises the
transactivation domain of p53 (reviewed in El-Deiry WS. 1998; Prives C. 1999; Woods

DB. 2001).
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The mdm2 gene has two promoter regions. One of these promoters (P1) is located
upstream of the first exon and regulates the transcription of the mdm2 gene in a p53
independent manner. The second promoter (P2) on the other hand, is located within the
first intron and regulates transcription of the mdm?2 gene in a p53 dependent manner

(Barak Y. 1994). p53 activates transcription of the mdm2 gene via the binding of pS3 to a
cognate site present in the second promoter of the mdm2 gene (Xiangwei W. 1993; Juven

T. 1993; Zauberman A. 1995).

To make the mdm2 P2 DNA affinity column, we used a synthetic deoxyoligonucleotide
that corresponded to the sequence of the p53-binding site present in the second promoter
of the mouse mdm?2 gene. We analyzed the binding of human wild-type pS3 expressed in
Sf21 and the binding of the mouse temperature sensitive mutant pS3 Val 135 expressed in
the 3-4 cells. The p53 expressed in the Sf21 cells was used as a control to evaluate the
functionality and binding capacity of the DNA affinity column. The p53 present in the 3-
4 is a conditional mutant and, when activated, produces G1 growth arrest via the

activation of transcription of p21/wafl, demonstrating that at 32 °C it has a bonafide

wild-type p53 activity in this system.

41

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



3.2. RESULTS.

3.2.1. MDM2 P2 ISOLATION OF WILD TYPE P53.

We isolated the baculovirus expressed human wtp53 by mdm2 P2 DNA affinity

chromatography (Fig. 3.2.1a and 3.2.1b).

When analyzed the MDM2 P2 elution fractions by Western blot, we observed p53 eluting
from the mdm2 P2 site column, mainly in fractions 0.3 to 0.5 molar KCl, (Fig.3.2.1a,
lanes 3 to 5). It is important to notice that we did not detect p53 in the last wash, before
the salt gradient elution indicating that the p53 observed in the elution fractions was not a
remnant of the loaded material (Fig. 3.2.1a, lane 13). This fact indicated therefore that the
eluted material was bound to the mdm2 P2 site specifically. This result correlated with
the one observed when we analyzed the mdm2 P2 elution fractions by EMSA. For the
EMSA analysis we used a deoxyoligonucleotide corresponding to the super consensus
sequence as a probe. 5% of each elution fraction was incubated with a *’P labeled p53
Super Consensus Sequence (SCS). PAb 421 anti- pS53 antibody was used, where
specified, to activate p53 binding to DNA (Hupp TR.1995). The addition of this antibody
is a well-established practice although it does not activate the binding of all pS3 forms.
pS3 eluted mainly in fractions 0.3 to 0.5 molar KCI (Fig. 3.2.1b, lanes 11 to 13); although
in this case, we detected p53 in all the elution fractions (Fig. 3.2.1b, lanes 10 to 17). The
EMSA appeared to be a more sensitive technique compared to Western blot analysis for

examining the elution fractions. Noteworthy, we did not detect p53 in wash number 4
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(Fig. 3.2.1b, lanes 8 and 9). The amount of p53 eluted from the mdm2 affinity columns
was much less (in the order of nanograms) than the amount loaded (10 micrograms) and
much less than the calculated binding capacity of the mdm2 affinity column according to
the method described by Kadonaga JT. 1968. These results were reproducible in at least 3
independent experiments. These results showed that wild-type human p53 expressed in
Sf21 cells could be successfully isolated by DNA Affinity Chromatography using the

p53-binding site present in the promoter 2 of the mdm2 gene (mdm2 P2).

4/’
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3.2.1a. Western bilot analysis of the mdm2 P2 binding -competent wt p53.

10 ug of p53, contained in the Sephacryl S300 fraction pool prepared from insect cell
extract, was loaded onto the mdm2 P2 affinity column and DNA affinity chromatography
was performed as specified in methods. The elution fractions were analyzed by western
blot. 80% of each elution fraction (0.2 to 1.0 Molar KCl) from the mdm2 P2 column was
resolved by SDS-PAGE, transferred to a nitrocellulose membrane and probed with a mix
of anti- p53 monoclonal antibodies 1801, 421 and 240. Molecular marker, lane 1; mdm2
P2 elution fractions 0.2 to 1.0 molar KCI, lanes 2 to 10; 0.1% input, lane 11; 0.1% flow-
through, lane 12; 0.1% of wash four, lane 13;C, 30 nanograms of p53 contained in the

Sf21 cells extract as control, lane 15.
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3.2.1b. EMSA analysis, on SCS oligo, of the mdm2 P2 competent wt .

L]
e

10 ug of p53, contained in the Sephacryl S300 fraction pool prepared from insect cell
extract, was loaded onto the mdm?2 P2 affinity column and DNA affinity chromatography
was performed as specified in methods. The elution fractions were analyzed by EMSA.
5% of each elution fraction was incubated with a ** P labeled deoxyoligonucleotide
corresponding to the p53 binding site SCS; Pab 421 was used, where indicated, to
activate p53 binding. Mix, no protein, lane 1; C, control p53 contained in the insect cell
extract, lanes 2,3; Inp, 0.1% of input, lanes 4,5; FT, 0.1% of flow-through, lanes 6,7; W4,
0.1% of wash four, lanes 8,9; mdm2 P2 elution fractions 0.2 to 0.9 Molar KClI, lanes 10

to 17.
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3.22. MDM2 P2 ISOLATION OF THE TS mt P53 VAL 13S.

In order to isolate p53 from a mammalian cell line using DNA affinity chromatography,
we used 3-4 cells expressing the temperature sensitive (ts) mutant p53 Val 135. The Ts
mt pS3 Val 135 adopts a wild type conformation when the 3-4 cells are shifted to the
permissive temperature (32 °C). We performed the experiment as described previously
for the wt p53 and we used Western blot and EMSA to analyze the elution fractions. As a
negative control for proteins that bind to the column in a p53 independent manner, we
also performed the experiment using equivalent amounts of total protein contained in the
Sephacryl excluded nuclear extract from 10-1 cells (which are isogenic to 3-4 cells but do

not have p53).

In the case of the 3-4-cell extract, p53 eluted from the mdm2 P2 site column in fractions
0.3 to 0.5 molar KCI as observed by Western blot (Fig 3.2.2a, lanes 2 to 4) and by EMSA
(Fig. 3.2.2b, lanes 11 to 13). This p53 was PAb 421 responsive as seen by the induced
binding produced by this antibody in the EMSA analysis. The Western blot and the
EMSA results presented here (Fig. 3.2.2a and 3.2.2b respectively) correspond to two
different experiments. The elution of the mt p5S3 Val 135 from the mdm2 P2 affinity
column was reproducible regarding the elution profile in more than three independent
experiments, but the amount of the protein eluted from the column decreased
substantially (for reasons unclear) after the first experiment. It is noteworthy that in all
cases, only a small fraction (on the order of nanograms) of the total p53 loaded onto the

column (10 ug) was tightly bound to it and not lost during the extensive washing. This
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reduced amount of p53 bound to the column was not the result of column saturation or
degradation, given that the same column was able to bind a greater amount of a control
p53 preparation in a subsequent experiment (data not shown). As expected, we did not
observe the band corresponding to p53 when we analyzed the mdm2 P2 site elution
fractions using 10-1 cells extract (no p53) (compare Fig. 3.2.2c, lanes 10 to 18 to Fig.

3.2.2b, lanes 11 to 13).

These results show that the ts mt p53 Val 135 from the mammalian cell line 3-4 could be
successfully isolated by DNA affinity Chromatography using the p53-binding site present
in the promoter 2 of the mdm?2 gene (mdm2 P2). Our results also showed that the amount
of p53 eluted from the column was much less than either the amount loaded or the

amount corresponding to the experimental binding capacity of the column.
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3.2.2a. Western blot analysis of the mdm2 P2 competent Val 135 pS3.

Molar KCI
N ® e ®© o ~NQ®Q
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10 ug of p53, contained in the Sephacryl S300 fraction pool prepared from 3-4 cells, was
loaded onto the mdm2 P2 affinity column and DNA affinity chromatography was
performed as specified in methods. 80% of each elution fraction (0.2 to 1.0 molar KCl)
was resolved by SDS-PAGE, transferred to a nitrocellulose membrane and probed with a

mix of anti p53 antibodies 1801, 421 and 240. Mdm?2 P2 elution fractions, lanes I to 9.
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3.2.2b. EMSA analysis, on SCS oligo, of the mdm2 P2 competent Val 135.

A. Complete gel. B. Blow-up of Fig. A

421Ab

-« Mix

10 ug of p53, contained in the Sephacryl S300 fraction pool prepared from 3-4 cells
nuclear extract, was loaded onto the mdm2 P2 affinity column and DNA affinity
chromatography was performed as specified in methods. 5% of each elution fraction
was incubated with a P labeled deoxyoligonucleotide corresponding to the p53
binding site (SCS); 421 antibody was used, where indicated by +, to activate p53
binding. Mix, with no protein, lane 1; C, control, p53 contained in the insect cell
extract, lanes 2,3; Inp, 0.1% of input, lanes 4,5; FT, 0.1% of flow-through, lanes 6,7;

W4, 0.1% of wash four, lanes 8,9; mdm2 P2 elution fractions 0.2 to 0.9 Molar KCI,

lanes 10 to 17.
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3.2.2c. EMSA, on SCS oligo, of the mdm2 P2 elution fractions from 10-1 cells.

A. Complete Gel. B. Blow-up of Fig. A.
-y Moler XCI
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7 mg of total protein (normalized to the 3-4 cells experiment) contained in the Sephacry! S300
Jraction pool from 10-1 cells nuclear extract was loaded onto the mdm2 P2 affinity column and the
DNA affinity chromatography was performed as specified in methods. 5% of each elution fraction
was incubated with a *’P labeled deoxyoligonucleotide corresponding to a p53 binding site (SCS);
421 antibody was used, where indicated, to activate p53 binding. Mix, no protein, lane 1; C, control,
pS53 contained in insect cells extract, lanes 2,3; Inp, 0.1% of input, lanes 4,5; FT, 0.1% of flow-
through, lanes 6,7; W4, 0.1% of wash four, lanes 8,9; mdm2 P2 elution fractions 0.2 to 1.0 Molar

KCl, lanes 10 1o 18.
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33. DISCUSSION.

We isolated the wild-type pS53 expressed in Sf21 cells and the Ts mt p53 Val 135,
expressed in 3-4 cells, using mdm2 P2 DNA affinity chromatography. We detected p53
in the mdm?2 P2 elution fractions by Western blot, using antibodies against p53 and also
by EMSA. In the EMSA analysis, the identity of the pS3* band as being p53 protein is
confirmed by its migration pattern, as this band is the result of a super shift induced by
the PAb 421, and by its absence in the elution fractions from the 10-1 cells which do not
have p53. The fact that no p53 was detected in the last wash (W4) indicated that the p53
detected in the elution fractions was tightly bound to the mdm2 P2 DNA site specifically

and was not a remnant from the loaded material.

The amount of wt p53 bound to the column was much less than the amount loaded. This
result might be due to the presence of different forms of pS3 molecules in the sample,
P53 molecules with differential binding characteristics “bindomers” and that the mdm2
P2 site selected for those p53 “bindomers” that were mdm2 P2 competent. Wild-type p53
has been seen to swath between a wild-type and a mutant conformation as a response to
cellular conditions such as addition of fresh serum after starvation, and oxidative status
(Milner J., 1990; Hainaut P., 1993; Hainaut P., 1995). pS3 binds to its cognate site as a
tetramer made by a dimmer of dimmers. When only one dimmer, in the tetramer, is in the
wild-type conformation, the tetramer binds to DNA in a sequence-specific manner but
this binding is short lived, lasting about 15 seconds. On the other hand, when both
dimmers are in the wild-type conformation, the binding is stabilized and p53 stays bound

to its cognate site for about 20 minutes (Mc Lure KG., 1998; Mc Lure, KG., 1999). The
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cellular equilibrium between ATP/ADP also influences the stability of the pS3-DNA

complex, with the ADP increasing the binding stability (Okorokov AL. 1999).

On the other hand, the amount of wild-type p53 eluted from the mdm2 P2 column might
reflect the experimental binding capacity of the column as opposed to the theoretical one.

It is also noteworthy that the source of p53 seemed to influence the amount of pS3 that
was bound to the mdm2 P2 column. Our results consistently showed more p53 eluting
from this column when we used the insect cell extract and much less p53 when coming
from the 3-4 cells. This fact was not the due to the column saturation or degradation as
evidenced by control experiments done with the same column. These results suggest that

the mdm2 P2 DNA site selected for a sub-population of the p53 molecules present in the
3-4 extract. The unique characteristic(s) of these p53 molecules remains to be uncovered,
although we can speculate that these characteristics might be given, at least in part, by
differential post-translational modifications to the p53 protein. The lower amount of p53
from 3-4 cells bound to the mdm2 P2 affinity column compared with the amount bound
from the Sf21 cells might also be due to that fact that the pS3 expressed in the 3-4 cells is
a mutant protein. For this reason, its binding might be less efficient. We are inclined to
believe that this difference in binding is due to the presence of the different “bindomers”,
because the 3-4 cells expressed pS3 adopts a wild type conformation under the
experimental conditions. Besides, it is physiologically comparable to wild-type pS3 given

that it produces a p53 dependent G1 growth arrest when activated.
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Another result suggesting the differential binding characteristics among the p53
molecules present in the sample was the fact that the amount of Val 135 p53 eluted from
the mdm2 P2 column decreased substantially after the first experiment. All the
experimental conditions were kept constant during subsequent experiments except for the
batch of fetal bovine serum used to grow the 3-4 cells. After this change the amount of
p53 eluted from the mdm2 P2 column was hardly detectable by Western blot. This result
suggests that the new serum produced a dramatic change in the amount of cellular p53

molecules able to bind to the mdm2 P2 column under our experimental conditions.

Our results suggest that the wild-type p53 and the mt p53 Val 135 were bound to the
mdm2 P2 affinity column with similar affinity (0.3 molar main elution). More wild-type
p53 was bound to the mdm2 P2 column compared to the Ts Val 135 mt p53 from the 3-4

cells. This fact might be due to a higher stability of binding.

R
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4. SITE SPECIFIC ISOLATION OF WILD-TYPE P53 BY RGC AFFINITY

CHROMATOGRAPHY.

4.1. INTRODUCTION.

The Ribosomal Gene Cluster (RGC) is a genomic tandem array of several copies of a
series of genes that code for the different ribosomal RNAs. Besides the coding regions,
the Ribosomal Gene Cluster has several non-transcribed regions and in one of these non-
transcribed regions there is a cognate site for p53. The p53 cognate site in the RGC is
located near an origin of replication and was the first site to be identified as bound

specifically by p53, but its physiological meaning remains to be elucidated.

To make the RGC DNA affinity column, we used a synthetic deoxyoligonucleotide that
corresponds to the sequence of the p53-binding site present in the Ribosomal Gene
Cluster (as described in the Materials and Methods. We then performed the experiments

as described for the mdm2 P2 affinity column.
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4.2. RESULTS.

4.2.1. RGCISOLATION OF WILD-TYPE P53.

We isolated the RGC DNA binding-site competent pS3 by DNA affinity chromatography

using baculovirus expressed human wt p53.

When analyzed by Western blot, we observed p53 eluting from the RGC site column,
mainly in fractions 0.3 to 0.7 molar KCl, (Fig. 4.2.1a, lanes 3 to 7). Similarly to the
mdm?2 P2 elution fractions analysis, we did not detect p53 in the last wash (W4) before
the salt gradient elution (Fig. 4.2.1a, lane 13) indicating the specific binding of wild-type
p53 to the RGC column. The EMSA analysis showed p53 eluting mainly in fractions 0.3
to 0.8 molar KCI (Fig. 4.2.1b, lanes 11 to 16). Again, in this case we detected p53 in all
the elution fractions (Fig. 4.2.1b, lanes 10 to 17) indicating that EMSA was more
sensitive to detect p53 in the elution fractions compared to Western-blot. The binding
specificity of wt pS3 to the RGC column was again manifested by the absence of
detectable p53 binding activity in the last wash (W4; Fig. 4.2.1b, lanes 8, 9) and its
reappearance in the salt elution fractions. These results show that human wt pS3
expressed in Sf21 cells, could also be isolated by DNA affinity Chromatography using
the p53-binding site present in the Ribosomal Gene Cluster (RGC) and the result of

reproducible experiments.

As in the case of the mdm2 P2 affinity column, the amount of wild-type p53 eluted from
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the RGC affinity column was below the calculated binding capacity of the column.
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4.2.1a. Western blot analysis of the RGC competent wt p53.
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10 ug of p53, contained in the Sephacryl S300 fraction pool prepared from insect cell
extract were loaded onto the RGC affinity column and DNA affinity chromatography was
performed as specified in methods. The elution fractions were analyzed by Western blot.
80% of each elution fraction (0.2 to 1.0 Molar KCIl) from the RGC column was resolved
by SDS-PAGE, transferred to a nitrocellulose membrane and probed with a mix of anti
P53 monoclonal antibodies 1801, 421 and 240. MM, Molecular marker Lane I; RGC
elution fractions 0.2 to 1.0 molar KClI, lanes 2 to 10; Inp, 0.1% input, lane 11; Ft, 0.1%

Sflow-through lane, 12; W4, 0.1% of wash four, lane 13;C, control, 30 ng of p53

contained in the Sf21 cell extract, lane 15.
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4.2.1b. EMSA , on SCS oligo, of the RGC competent wt pS3.

10 ug of p53, contained in the Sephacryl S300 fraction pool prepared from insect cell
extract were loaded onto the RGC affinity column and DNA affinity chromatography was
performed as specified in methods. The elution fractions were analyzed by EMSA. 5% of
each elution fraction was incubated with a *’P labeled deoxyoligonucleotide
corresponding to the p53 binding site (SCS); 421 antibody was used, where indicated, to
activate p53 binding. Mix, no protein, lane 1; C, control p53 contained in the Sf21 cell
extract, lanes 2,3; Inp, 0.1% of input, lanes 4,5; FT, 0.1% of flow-through, lanes 6,7; W4,

0.1% of wash four, lanes 8,9; RGC elution fractions 0.2 to 0.9 Molar KCI, lanes 10 to 17.
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4.2.2. RGC ISOLATION OF THE ts mt PS3 VAL 13S.

To analyze the binding of a mammalian derived p53 to the RGC site we again used the 3-
4 cell line system and performed RGC affinity chromatography as described before. We
analyzed the RGC elution fractions by EMSA because of the higher sensitivity exhibited
by this technique in the previous experiments, compared to Western blot. We performed

the experiments as described for the mdm2 P2 affinity column.

In the case of the 3-4-cell extract, we saw a band (p53”) eluting with fractions 0.3 to 0.5
molar KCl from the RGC site column (Fig 4.2.2a, lanes 11 to 13). This pS3” was not
PAb 421 responsive as seen by the lack of super shift produced by this antibody. As a
control we performed the experiment with cellular extract from 10-1 cells. In this case we

did not observe any DNA binding activity in the elution fractions, Fig. 4.2.2b.
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4.2.2a. EMSA analysis. on SCS oligo, of the RGC competent p53 Val 13S8.

A. Complete gel. B. Blow-up of Fig. A.

10 ug of p53, contained in the Sephacryl S300 fraction pool prepared from 3-4 cells
nuclear extract were loaded onto the RGC affinity column and DNA affinity
chromatography was performed as specified in methods. The elution fractions were
analyzed by EMSA. 5% of each elution fraction was incubated with a *’P labeled
deoxyoligonucleotide corresponding to the p53-binding site (SCS); 421 antibody was
used, where indicated, to activate p53 binding. Mix, no protein, lane 1; C, control p53
contained in Sf21 cell extract, lanes 2,3; Inp, 0.1% of input, lanes 4,5; FT, 0.1% of flow-
through, lanes 6,7; W4, 0.1% of wash four, lanes 8,9; RGC elution fractions 0.2 to 1.0

Molar KClI, lanes 10 to 18.
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4.2.2b. EMSA analysis, on SCS oligo, of the RGC elution fractions from 10-1 cells.

A. Complete Gel. B. Blow-up of Fig. A.
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7 mg. of total protein (normalized to experiment 4.2.2a) contained in the Sephacryl S300
fraction pool from 10-1 cells nuclear extract were loaded onto the RGC affinity column
and DNA affinity chromatography was performed as specified in methods. The elution
fractions were analyzed by EMSA. 5% of each elution fraction was incubated with a Zp
labeled deoxyoligonucleotide corresponding to the p53 binding site (SCS); 421 antibody
was used, where indicated, to activate p53 binding. Mix, no protein, lane 1; C, control
P53 contained in Sf21 cell extract, lanes 2,3; Inp, 0.1% of input, lanes 4,5; FT, 0.1% of
flow-through, lanes 6,7; W4, 0.1% of wash four, lanes 8,9; RGC elution fractions 0.2 to

1.0 Molar KCl, lanes 10 to 18.
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4.2.3. BINDING OF WT P53 TO THE RGC COLUMN IS P53-COGNATE SITE

SPECIFIC.

We observed in the previous experiments that p53 could be isolated using the p53-
cognate sites mdm2 P2 and RGC. The fact that we did not observe pS3 in the last wash,
in either case, mdm2 P2 or RGC, and that the protein reappeared later on with increasing
salt concentrations, indicated that the binding of p53 to these DNA affinity columns was
specific for DNA. Nevertheless, it did not show if this binding was specific for the pS3-
cognate site or for DNA in general. In order to determine if pS3 could be isolated by
DNA affinity chromatography using any DNA fragment or if its isolation was p53-
cognate site-specific, we performed DNA affinity chromatography using a nonspecific
DNA affinity column. The column was constructed with a mutant version of the RGC
site, (MRGC). We run the mRGC column in parallel with a RGC column as described
previously (under the same experimental conditions, Fig. 4.2.1). We analyzed the elution

fractions by Western blot.

We did not observe p53 in the elution fractions from the mRGC site column (Fig. 4.2.3,
lanes 1 to 9). On the other hand, p53 was evident in the elution fractions from the wild-
type RGC column (wtRGC) (Fig. 4.2.3, lanes 10 to 13). This result indicated that the
binding of p53 to the mdm2 P2 site and to the RGC site columns was specific for these

two p53-cognate sites and not a general DNA binding effect.
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4.23. Western blot analysis of wt RGC and mt RGC elution fractions.

10 ug of p53, contained in the Sephacryl S300 fraction pool prepared from insect cell
extract was loaded onto the each affinity column and DNA affinity chromatography was
performed as specified in methods. The elution fractions were analyzed by Western blot.
80% of each elution fraction (0.2 to 1.0 Molar KCl) was resolved by SDS-PAGE,
transferred to a nitrocellulose membrane and probed with a mix of anti p53 monoclonal
antibodies 1801, 421 and 240. Mutant p53 site elution fractions 0.2 to 1.0 molar KCI,
lanes 1 to 9; wild-type p53 site elution fractions 0.2 to 1.0 molar KCl, lanes 10 to 18;

P33c, 30 ng of p53 contained in SF21 cell extract, lane 10.

R
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43. DISCUSSION.

We isolated Sf21 cells expressed wild-type p53, using RGC DNA affinity
chromatography. We detected p53 in the RGC elution fractions by Western blot and
EMSA. In the EMSA analysis, the criteria to confirm the identity of the pS3* band as
being p53 protein were the same ones used for the mdm2 P2 elution fractions i.e.
migration pattern and induction of binding by PAb421. Again, we observed that the
binding of wt p53 to the RGC columns was specific given that we did not detect p53
binding activity in the wash four. The amount of p53 bound to the column was much less
than the amount loaded and below the theoretical binding capacity of the RGC affinity
column. In this regard, our results from the RGC affinity column reflected the same
pattern exhibited by the mdm2 P2 affinity column and the same discussion presented in

that chapter (3.3) applies here.

Our results from the RGC affinity chromatography of the 3-4 cells showed a band that
seems to be p53 but whose identity could not be confirmed (p53*). This species eluted
from a p53 specific site affinity column (RGC), it was bound specifically to another p53
cognate sequence in the EMSA analysis (SCS), migrated as p53 in the EMSA and was
not present in the RGC elution fractions from the 10-1 cells, which do not have p53. All
this evidence suggests that the p53” band corresponds to wild-type p53. Nevertheless, the
fact that we could not super shift this band or_induce it to bind more with the PAb 421

raised doubt about its identity.
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The sequence-specific binding of p53 to DNA is stimulated by modifications to its c-
terminal domain. One of these modifications is the interaction of p53 with the Pab 421
whose epitope is in its carboxyl end (Funk WD., 1992; Mundt M., 1997). The addition of
Pab 421 to the reaction mixture in EMSA experiments has been a common practice, to
induce p53 binding. Although, it has been shown that not all types of p53 respond to this
activation, i.e. pS3 molecules phosphorylated at the c-terminus by PKC. Another finding
is that the activation of binding by this antibody does not apply to all pS3 cognates sites,
even more, that Pab 421 can inhibit the binding of p53 (Resnick-Silverman L., 1998).

This is another possibility that would explain why this band did not respond to the PAb
421. One way of confirming the presence of the Val 135 p53 in the RGC elution fractions
would have been to perform immunodetection by Western blot and EMSA using other
anti p53 antibodies. We could not try this approach because we concentrated in

characterizing the mdm2 P2 elution fractions.

In this case (RGC affinity chromatography), the source of p53 seemed to influence not
only the amount of protein that was bound to the RGC column, but also the kind of
peptide. Our results consistently showed a substantial and identifiable amount of pS3
eluting from the RGC affinity column when we used the insect cell extract. In contrast,
when coming from the 3-4 cells, our results showed an RGC binding protein that either
was not p53 or was a p53 protein with a different migration profile when analyzed by
EMSA. This protein bound much less to the RGC site compared with the wild-type pS3

expressed in Sf21 cells.
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CHAPTERSS.

ISOLATION OF p53 ASSOCIATED PROTEINS BY DNA AFFINITY

CHROMATOGRAPHY.

S.1. INTRODUCTION.

The association of p53 with other proteins is an important factor to consider when
analyzing p53 function. It has been reported that pS3 can associate with several proteins
such as SP1, BP1, BP2, MDM2, TFIIH and others (reviewed in Hupp TR., 2000; Prives
C., 1999 and Levine A., 1997). Of special importance because of their role in
transcription is the association between p53 and TBP, TAFII40 and TAFII60. Most of the
reported associations between p53 and the mentioned proteins have been studied in
reconstituted solutions using in vitro translated or purified p53 and TFIID proteins, and
these associations have been detected by co-immunoprecipitation experiments. These
types of experiments do not account for all of the post-translational modifications of p53
under different cellular conditions, for the participation of other proteins in this process or
for the presence of the DNA element in determining the association. Besides, the
immunoprecipitation approach carries an intrinsic bias because not all the pS3 forms react

with all the anti-p53 antibodies.

In order to study p53 and associated proteins in a different (and perhaps more

physiological environment) we looked at the proteins that co-eluted with p53 from each
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one of the DNA affinity columns (mdm2 P2 and RGC) using nuclear extract from the 3-

4 cells.
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5.2. RESULTS.

5.2.1. ISOLATION OF P53 ASSOCIATED PROTEINS BY MDM2 P2 AND RGC

AFFINITY CHROMATOGRAPHY.

In order to study the p53 co-eluting proteins, we performed mdm2 P2 affinity
chromatography. We analyzed the proteins by SDS-PAGE after biotynilation. We
observed a group of proteins that co-purified with p53 from the mdm2 P2 affinity column
(Fig. 5.2.1a, left panel, lanes 2 to 10). These co-purifying proteins seemed to bind either
to the mdm2 P2 column or to p53 specifically because they did not appear in the last
wash (Fig. 5.2.1a, right panel, lane 5). Noteworthy, we did not observe these pS3 co-
eluting proteins in the mdm2 P2 elution fractions from the 10-1 cells, which did not have
p53 (Fig. 5.2.1b, lanes 1 to 10). We could see p53 by immunodetection of these mdm2 P2
elution fractions of the 3-4 cells; nevertheless we could not see it by the biotinylation

technique.
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5.2.1a. Biotinylated mdm2 P2 elution fractions from 3-4 cells.
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10ug of p53, contained in the Sephacryl S300 fraction pool prepared from 3-4 cell
extract, were loaded onto the mdm2 P2 affinity column and DNA affinity
chromatography was performed as described in methods. The elution fractions were
biotinylated, resolved by SDS-PAGE, transferred to a nitrocellulose membrane, and
visualized by chemoluminescence. Left panel: Elution fractions 0.2 to 1.0 molar KCI,
lane 1 to | Right panel: Input, 1% of the input, lane |; Wash, washes | to 4, lanes 2 to 5;

Flow through, 1% of flow-through, lane 6.
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5.2.1b. Biotinylated mdm2 P2 elution fractions from 10-1 cells.
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5 mg. of total protein from the 10-1 cells were loaded onto the mdmZ2 P2 affinity column
and DNA affinity chromatography was performed as described in methods. The elution
Jfractions were biotinylated, resolved by SDS-PAGE, transferred to a nitrocellulose
membrane, and visualized by chemoluminescence. Left panel: Elution fractions 0.2 to 1.0

molar KCI, lane [ to 10. Right panel: Input, 1% of the input, lane |; Wash, washes 1 to 4,

lanes 2 to 5; Flow through, 1% of flow-through, lane 6.
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In order to identify p53-associated proteins, it is important to detect all the proteins that
co-eluted with p53 from the mdm?2 affinity column. We had chosen the biotinylation of
such proteins to accomplish this goal but this technique was not appropriate because not
all the proteins present in the sample seemed to incorporate the biotin moiety to the same
extent. The differential biotinylation was evident because we did not detect p53 in the
biotinylated mdm2 P2 elution fractions of the 3-4 cells (Fig. 5.2.1a, lanes 1-10).
Nevertheless we detected p53 in elution fractions 0.3, 0.4 and 0.5 Molar KCI] when we
analyzed these elution fractions by Western blot. In addition, we chose to label the
cellular proteins with *’S. We grew the 3-4 cells in DMEM containing >°S Methionine,
prepared the nuclear extract and Sephacryl S300 fraction pool, as described in methods.
Then, we used this Sephacryl S300 fraction pool preparation to perform mdm2 P2 and
RGC affinity chromatography experiments. We included an immunoprecipitation from
10-1 (no p53) and 3-4 (ts. Val 135 p53) cells as a control for those proteins that

coimmunoprecipitate with p53 in the absence of the DNA binding site.

Our results showed that a series of proteins co-eluted with pS3 from the mdm2 P2 affinity
column (Fig. 5.2.1c) as well as from the RGC affinity column (Fig. 5.2.1d). The co-
eluting proteins were not a remnant of the loaded material because they were not present
in the last wash of the mdm2 P2 affinity column (Fig. 5.2.1c, lane 13) or in the last wash
of the RGC affinity column (Fig.5.2.1d, lane 15). These co-eluting proteins reappeared in
the elution gradient, mainly with fraction 0.3 molar KCI and after (Fig. 5.2.1c, lanes S to
10 for the mdm?2 P2 site and Fig. 5.2.1d, lanes, 5 to 12 for the RGC site). As a control for

the position of p53 in the gel, we immunoprecipitated p53 from S labeled 3-4 and 10-1

n
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cells nuclear extract, using the anti pS3 PAb 421. The arrow marked as 53 Kd, points to
the band corresponding to pS3 in the control lanes (Fig.5.2.1c lane 2 and Fig. 5.2.1d, lane
2). The stars show the most prominent bands in each case. The fact that many proteins
co-eluted with p53 from both DNA columns made it difficult to determine the identity of
each band at this point. To identify some of the co-eluting proteins we then analyzed the

elution fractions using EMSA. This experiment was performed once.
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5.2.1c. Auto radiography of Val 135 pS3 associated proteins from the mdm2

P2 elution fractious.
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10 ug of p53, contained in the Sephacryl S300 fraction pool prepared from nuclear
extract of 3-4 cells that had been metabolically labeled with *’S Methionine, were loaded
onto the mdm2 P2 affinity column and DNA affinity chromatography was performed as
specified in methods. The elution fractions were resolved by SDS-PAGE and visualized
by auto radiography. 10-1 IP, 10-1 cells anti p53 immunoprecipitation, lane 1; 3-4 IP, 3-
4 cells anti p53 immunopecipitation lane 2; MM, molecular marker, lane 3; MDM2 P2
elution fractions 0.2 to 0.8 molar KCI, lane 4 to 10; Inp, 0.1% of input, lane 11; Ft, 0.1%

of flow-through, lane 12; W4, 0.1% of wash four, lane 13.
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5.2.1d. Auto radiography of p53 associated proteins from the RGC
affinity column.
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10 ug of p53, contained in the Sephacryl S300 fraction pool prepared from nuclear
extract of 3-4 cells that had been metabolically labeled with *°S Methionine, were loaded
onto the RGC affinity column and DNA affinity chromatography was performed as
specified in methods. The elution fractions were resolved by SDS-PAGE and visualized
by auto radiography. 10-1 IP, 10-1 cells anti p53 immunoprecipitation, lane 1; 3-4 IP, 3-
4 cells anti p53 immunopecipitation lane 2; MM, molecular marker, lane 3; RGC elution
Jractions 0.2 to 1.0 molar KCl, lane 4 to12; Inp, 0.1% of input, lane 13; Ft, 0.1% of flow-

through, lane 42; W4, 0.1% of wash four, lane 15.
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5.2.2. P53 DEPENDENT SUPERSHIFT OF A TBP COMPLEX

p53 and the TATA Binding Protein, TBP, have been reported to co-immunoprecipitate. It
has also been reported that when pS3 dependent protection of the mdm2 P2 promoter
occurred, a concomitant increase in protection of the nearby TATA box was seen, (Xiao,
et al, 1998). These results suggest that pS3 plays a role in recruiting TBP to the DNA. We
wanted to see if TBP co-eluted with p53 from the DNA affinity columns. We performed
mdm2 P2 and RGC affinity chromatography as described in the Materials and Methods
chapter using 3-4 cells nuclear extract. We analyzed the elution fractions by EMSA using
a radio labeled TATA box as a probe. 5% of each elution fraction was incubated with a

TATA Box (TBP consensus oligo, Santa Cruz).

The mdm2 P2 elution fractions from 3-4 cells showed a band that eluted mainly with
fractions 0.4 to 0.8 molar KCL (Fig.5.2.2a lanes, 8 to 12). We think this band
corresponded to TBP plus other proteins and because of that we called it TBP complex.
Surprisingly, this TBP complex was also present in the mdm2 P2 elution fractions of the
10-1 cells (no p53) (fig. 5.2.2b, lanes 8 tol1). This result indicated that the binding of this

TBP complex to the pS3-binding site present in the mdm2 P2 was not p53 dependent.

Although the binding of the observed TBP complex to the mdm2 P2 affinity column
occurred without p53, we observed a p53 dependent super shift of this TBP complex
band in the mdm2 P2 fractions (Fig. 5.2.2a, lane 8). This super shift correlated with the

presence of p53 in this elution fraction (Fig. 3.2.2b, lane 12). The observed super shift
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was p53 dependent because it did not occur in the mdm2 P2 elution fractions of the 10-1
cells (no p53) (Fig. 5.2.2b, lanes 7 to 14). This result suggests that the mdm2 P2 binding

p53 associated with this TBP complex in the presence of the mdm2 P2 DNA.

The presence of pS3 in the sample did not seem to influence the affinity or stability of
binding of the TBP complex to the mdm2 P2 affinity column. We observed it eluting at
the same salt concentrations, 0.4 molar KCl, either with or without p53 (Fig5.2.2a, lane 8,

and Fig. 5.2.2b, lane 8). This result was observed in two independent experiments.
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§5.2.2a. EMSA on TATA Box, of the mdm2 P2 elution fractions from 3-4 cells.

A. Complete gel. B. Blow-up of Fig. A.
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10 ug of p53, contained in the Sephacryl S300 fraction pool prepared from 3-4 cells
nuclear extract, were loaded onto the mdm2 P2 affinity column and DNA affinity
chromatography was performed as specified in methods. The mdm2 P2 elution fractions
were then analyzed by EMSA, as described in methods. 5% of each elution fraction was
incubated with a *’P labeled deoxyoligonucleotide corresponding to a TATA box (TFIID
consensus oligo, Santa Cruz). Mix, no protein, lane 1; C, control, p53 contained in Sf21
cells extract, lane 2; Inp, 0.1% of input, lane 3;Ft, 0.1% of flow-though, lane 4; W4, 0.1

% of wash four, lane 5; mdm2 P2 elution fractions 0.2 to 1.0 molar KClI, lanes 6 to 14.
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5.2.2b. EMSA, on TATA Box, of the mdm2 P2 elution fractions from 10-1 cells.

A. Complete gel. B. Blow-up of Fig. A.
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7 mg. of total protein (normalized to experiment 5.2.2a) contained in the Sephacryl S300
ﬁacfion pool from 10-1 cells nuclear extract, were loaded onto the mdm2 P2 affinity
column and the experiment was conducted as for 5.2.2a. Mix, no protein, lane I; C,
control, p53 contained in Sf21 cells extract, lane 2; Inp, 0.1% of input, lane 3;Ft, 0.1%
of, ﬂéw—through, lane 4; W4, 0.1 % of wash four, lane 5; mdm2 P2 elution fractions 0.2 to

1.0 molar KCl, lanes 6 to 14.
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In the case of the RGC elution fractions of the 3-4 cells, we detected the TBP complex
eluting mainly, with fractions 0.5 and 0.6 molar KCl (Fig. 5.2.2c, lanes 9 and 10). It is
noteworthy that in the case of the RGC elution fractions, we did not detect the p53
dependent super shift of this TBP complex seen in the elution fractions of the mdmP2

column (compare Fig. 5.2.2¢c lanes 9 and 10 with Fig. 5.2.2a, lane 8).

As in the case of the mdm2 P2 elution fractions, we also observed this TBP complex in
the RGC elution fractions of the 10-1 cells (no p53) (Fig, 5.2.2d, lanes 9 and 10). This
result shows that the binding of this TBP complex to the RGC column was not specific
for the p53-binding site present in the mdm2 P2 and further suggested that this binding

was not p53 dependent.

Again, the presence of p53 in the sample did not seem to influence the affinity of this
TBP complex for the RGC site. In both cases, with and without p53 (3-4 and 10-1 cells)
the elution profiles were similar: 0.5, 0.6 molar KCl (Fig. 5.2.2c, lanes 9,10 and Fig.

5.2.2d, lanes 9,10).

79

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



5.2.2c. EMSA, on TATA Box, of the RGC elution fractions from 3-4 cells.

A. Complete gel. B. Blow-up of Fig. A.
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10 ug of p53. contained in the Sephacryl S300 fraction pool prepared from 3-4 cells
nuclear extract, were loaded onto the RGC affinity column and DNA affinity
chromatography was performed as specified in methods. The RGC elution fractions were
then analyzed by EMSA, as described in methods. 5% of each elution fraction was
incubated with a **P labeled deoxyoligonucleotide corresponding to a TATA box (TFIID
consensus oligo, Santa Cruz). Mix, no protein, lane 1; C, control p53 contained in Sf21
cell extract, lane 2; Inp, 0.1% of input, lane 3; Ft, 0.1% of flow-though, lane 4;W4, 0.1 %

of wash four, lane 5; RGC elution fractions 0.2 to 0.9 molar KCI, lanes 6 to 13.
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5.2.2d. EMSA, on TATA Box, of the RGC elution fractions from 10-1 cells.

A. Complete gel. B. Blow-up of Fig. A.
— Molar KCI
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7 mg. of total protein (normalized to experiment 5.2.2c) contained in the Sephacryl S 300
Jfraction pool from 10-1 cells nuclear extract, were loaded onto a RGC affinity column
and the experiment was conducted as described. The RGC elution fractions were then
analyzed by EMSA. 5% of each elution fraction was incubated with a *’P labeled
deoxyoligonucleotide corresponding to a TATA box (TFIID consensus oligo, Santa Cruz).
Mix, no protein, lane |; C, control p53 contained in Sf21 cell extract, lane 2; Inp, 0.1%
of input, lane 3; Ft, 0.1% of flow-through, lane 4;W4, 0.1% of wash four, lane 5; RGC

elution fractions 0.2 to 0.9 molar KClI, lanes 6 to 13.
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5.2.3. TBP COMPLEX FROM 3-4 CELLS CONTAINS TBP, TAFII40 AND

TAFII60.

In order to identify some of the proteins present in what we called TBP complex, we
analyzed the mdm2 P2 elution fractions of the 3-4 cells by Western blot and
immunodetection. The nitrocellulose membrane was probed with anti-TBP antibody
(Santa Cruz). Our results showed the presence TBP eluting with fractions 0.4 to 0.9
molar KCI (Fig. 5.2.3a, lanes 3 to 8). This result correlated with the presence of the TBP
complex in these fractions (Fig. 5.2.2a, lanes 8 to 12) confirming that TBP was a member

of this TBP complex.

In order to corroborate the presence of TBP in the TBP complex band, we performed
EMSA analysis with anti TBP antibody to produce a super shift and using a TBP
consensus oligonucleotide as a probe. 5% of elution fraction 0.5 molar KCl from the
mdm2 P2 column was incubated with TBP consensus sequence (Santa Cruz). This
fraction contained the TBP complex alone and did not exhibit the p53 dependent super
shift. The anti-TBP antibody (generous gift from Dr. Roeder Laboratory) was included in
the reaction mixture, as indicated, to produce an Ab dependent super shift of the TBP
complex (5.2.3b lanes 2,3). As expected, 2ul of the anti TBP preparation produced a
slower migrating species compared with the TBP complex band (Fig.5.2.3b, lane 2). This
slower migrating species was not observed in the control lane, which had no antibody
(Fig.5.2.3.b, lane 4). When the amount of anti TBP antibody was increased to 6 ul, there
was a corresponding increase in the amount of the new species observed (Fig. 5. 2.3b,

lane 3). This resuit further suggested that TBP was present in this TBP complex.

R?
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Given that TAFII40 and TAFII60 have been seen to associate with p53 in co-
immunoprecipitation experiments using purified proteins, we wanted to know if these
other 2 members of the TFIID were present in the TBP protein complex. We repeated the
experiment presented in fig. 5.2.3b but this time, we included anti TAFII40 and anti
TAFII60 antibodies (generous gift from Dr. Roeder Laboratory) in the reaction mixtures
as indicated (Fig. 5.2.3c). Our results suggested the presence of TAFII40 and TAFI1I60 as
evidenced by the induction of a slower migrating species compared with the TBP protein
complex (Fig. 5.2.3c, lane 3 for TAFII40 and lane 4 for TAFII60). This antibody-induced
species was not observed when a non-specific antibody (Spl) was included in the
reaction mixture (fig. 5.2.3c lane 2) or when no antibody was included (fig. 5.2.3c, lane

1). These experiments were performed only once.
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5.2.3a. TBP complex from 3-4 cells contains TBP; Western blot Analysis.
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10 ug of p53, contained in the Sephacryl S300 fraction pool prepared from 3-4 cells
nuclear extract were loaded onto the mdm2 P2 affinity column and DNA affinity
chromatography was performed as described before. 80% of each elution fraction was
resolved by SDS-PAGE, transferred to a nitrocellulose membrane, and probed with anti
TBP antibody (Santa Cruz). Mdm2 P2 elution fractions 0.2 to 1.0 molar KCI, lanes [ to
9; Inp, 0.1 % of input, lane 10; Ft, 0.1% of flow-through, lane 1 1; W4, 0.1% of wash four,

lane 12.
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5.2.3b. TBP complex from 3-4 cells contains TBP; EMSA on TATA Box.

A. Complete gel. B. Blow-up of Fig. A.
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5% of 3-4 cells mdm2 P2 elution fraction 0.5 molar KCI was incubated with *’P labeled
TATA Box (Santa Cruz). Different amounts of a polyclonal anti-TBP antibody
preparation (generous gift from Dr. Roeder laboratory) were included in some of the
reaction mixtures, as indicated. Mix, no protein, lane 1; 2ul, 2ul of anti TBP, lane 2; 6 ul,

6 ul of anti TBP, lane 3; 0 ul, no antibody, lane 4.
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$.2.3¢c. TBP_ complex from 3-4 cells contains TAFII40 and TAFII60; EMSA on

TATA Box.
A. Complete gel. B. Blow-up of Fig. A.
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5% of 3-4 cells mdm2 P2 elution fraction 0.5 molar KC! was incubated with *° P labeled
TATA Box (Santa Cruz). 6 ul of polyclonal anti TAFII40 and anti TAFII60 antibody
preparations (generous gift from Dr. Roeder laboratory) were included in the reaction
mixtures, as indicated. No Ab, no antibody, lane 1; SP1, anti SPI antibody, lane

2;TAFII40, anti TAFII40 antibody, lane 3; TAF 1160, anti TAFII6 antibody, lane 4.
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5.2.4. TBP COMPLEX FROM 10-1 CELLS CONTAINS TBP, TAFII40, AND

TAFII60.

Previously when we analyzed the mdm2 P2 elution fractions of 10-1 cells, we observed
the TBP complex (Fig.5.2.2b). In order to investigate if the TBP complex from the 10-1
cells also contained TBP, TAFII40, and TAFII60 we analyzed the mdm2 P2 elution
fractions of the 10-1 cells by Western blot and immunodetection as we did with the

elution fractions of the 3-4 cells

Our results showed the presence of TBP eluting with fractions 0.3 to 0.7 molar KCl (Fig.
5.2.4a, lanes 2 to 6). This result correlated with the presence of the TBP complex in these
fractions (Fig. 5.2.2b, lanes 7 to 11) suggesting that TBP is a member of the TBP

complex of 10-1 cells.

In order to corroborate the presence of TBP, TAFII40 and TAFII60 in this TBP complex
band, we also performed EMSA in the same way we did for the 3-4 cells elution fractions
(Fig 5.2.4b) using 6ul of the anti-TBP, and TAFII60 and anti-TAFII40 preparation
respectively. Each antibody produced a slower migrating species compared to the TBP
complex band (Fig.5.2.4.b, lane 3, 4 and 5). We did not observe these species in the
control, which had no antibody (Fig.5.2.4b, lane 2) or when a non-relevant antibody was
included (fig. 5.2.4b, lane 6). This result corroborated the presence of TBP, TAFII60, and

TAFII40 as a member of this TBP complex.
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5.2.4a. TBP complex from 10-1 cells contains TBP; Western blot analysis.
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7 mg. of total protein contained in the Sephacryl S300 fraction pool prepared from 10-1
cells nuclear extract were loaded onto the mdm2 P2 affinity column and DNA affinity
chromatography was performed as specified in methods. 80% of each elution fraction
was resolved by SDS-PAGE, transferred to a nitrocellulose membrane, and probed with
anti-TBP antibody (Santa Cruz). Mdm?2 P2 elution fractions 0.2 to 1.0 molar KCl, lanes |

to 9; Inp, 0.1 % of input, lane 10; Ft, 0.1% of flow-through, lane 11; W4, 0.1% of wash

Jour, lane 12.
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5.2.4b. TBP complex from 10-1 cells contains TBP, TAFII40 and TAFII60; EMSA
on TATA Box.

A. Complete gel. B. Blow-up of Fig. A.
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5% of 10-1 cells mdm2 P2 elution fraction 0.5 molar KC! was incubated with *’P labeled
TATA Box (Santa Cruz). 6ul of a polyclonal anti TBP, anti TAFII40 and anti TAFII60
antibody preparation (generous gift from Dr. Roeder laboratory) were included in some
of the reaction mixtures, as indicated. Mix, no protein, lane 1; No Ab, no antibody, lane,

2.; TBP, anti TBP, lane 3; TAFII60, lane 4; TAFII40, lane 5; SP1, lane 6.
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53. DISCUSSION.

We found that a group of proteins co-eluted with pS3 from the mdm2 P2 and the RGC,
affinity columns as evidenced by auto radiography. Some of these proteins formed a
complex that we named TBP complex because it shifted a TATA box oligonucleotide in
EMSA experiments. Our results suggested that this TBP complex was formed, at least in
part, by TBP and two of its associated factors TAFII40 and TAFII60. The
autoradiographic profile of the mdm2 P2 and RGC elution fractions indicated the
presence of other proteins in this complex but their identity remains to be investigated.
We detected the TAFs in the TBP complex by EMSA and using antibodies to produce a
super shift. The slower migrating species in the presence of the Ab is promising
indication of the presence of these proteins. However, further quantitative experiments

are needed to verify that this was indeed a super shift.

The TBP complex that eluted from the mdm2 P2 site was bound to the affinity column in
a p53 independent manner; although p53 from 3-4 cells, when eluted from the mdm2 P2
site changed the migration pattern of this TBP complex suggesting an interaction between
these four proteins. The p53 independent binding of this TBP complex to the mdm2 P2
column might be due to its recruitment by a p53 analog such as p63 or p73. It could also
be due to the ability of TBP to bind DNA in both a specific and non-specific way, which
has been reported, or to the presence of other protein(s) in the complex that may be able
to bind DNA non-specifically. Interactions between TBP-pS3 and TAFII60, TAFII40 -

p53 have been reported before, but with purified and/or in vitro translated proteins and by
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co-immunoprecipitation experiments. To the best of our knowledge, this is the first report
of an interaction between these 4 proteins as a complex with the p53 DNA binding site

and using proteins from cellular extracts.

Initially, we used biotinylation to detect the proteins eluting from the columns. We found
that it was not an appropriate technique for this purpose because not all the proteins get

biotinylated at the same extent.

9
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CHAPTER 6.

SITE SPECIFIC ISOLATION OF P53 BY SCS AFFINITY

CHROMATOGRAPHY.

6.1. INTRODUCTION.

The Super Consensus Sequence (SCS) corresponds to an ideal p53 cognate site. This
sequence has been developed as a consensus of the p53 binding sites identified in the
genome by sequential point mutations and analysis of the binding affinity of p53 to each
substitution until the ideal sequence (highest affinity) was determined (Halazonettis TD.,

1993). This sequence of nucleotides has not been seen in the genome.

Given that SCS is the highest affinity but non-natural occurring p53 cognate site known,
we wanted to compare p53 binding to this site with its binding to the two natural
occurring p53 binding sites previously studied (mdm2 P2 and RGC). We performed SCS

affinity chromatography in the same way we did for the mdm2- P2 and RGC sites.

Q)
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6.2. RESULTS.

6.2.1. SCS ISOLATION OF WILD-TYPE PS53.

We studied, by DNA affinity chromatography, the binding of p53 from 3-4 cells to the
synthetic ideal p53-binding site called Super Consensus Sequence (SCS). In order to
determine the capacity of the SCS affinity column to bind pS53, we used cell extract from
Insect Cells expressing wt p53 and passed the equivalent to 10 micrograms of pS3
through the SCS affinity column. We determined the presence of pS3 in the elution
fractions by EMSA (as we did before) and using an SCS deoxyoligonucleotide as probe.

We detected p53 in the elution fractions 0.3 to 0.8 molar KClI (Fig. 6.2.1a, lanes 11 to
16). This result showed that wt p53 could be isolated by SCS affinity chromatography.

This is the result of one experiment.

a1
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6.2.1a. EMSA, on SCS oligo, of the SCS competent wt p53.
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10 ug of p53, contained in the Sephacryl S300 fraction pool from Insect Cells extract,
were loaded onto the SCS affinity column and DNA affinity chromatography was
performed as specified in methods. The elution fractions were analyzed by EMSA as
described in methods. 5% of each elution fraction was incubated with a *’P labeled
deoxyoligonucleotide corresponding to the p53 binding site SCS. Mix, no protein, lane
1;C, control, p53 contained is Sf21 cellular extract, lanes 2 and 3; Inp, 0.1% of input,
lanes 4 and 5; Ft, 0.1% of flow-through, lanes 6 and 7; W4, 0.1% of wash four, lanes 8

and 9; SCS elution fractions 0.2 to 1.0 molar KClI, lanes 10 to 18.
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6.2.2. SCS ISOLATION OF THE ts mt pS3 VAL 135.

In order to analyze the binding of p53 from the mammalian system, we repeated the
experiment presented above using 3-4 nuclear extract (Fig. 6.2.2a). We observed ts mt
P53 Val 135 eluting with fractions 0.3 and 0.4 molar KCI (Fig 6.2.b, lanes 11 and 12).
Again, only a small fraction of the total p53 loaded onto the column (10 ug) was bound to
it. The pS3 DNA binding activity was barely detectable although the experimental
binding capacity of the column was higher as observed before (Fig. 6.2.1a, lanes 11-16).
The ts. Val 135 mt p53 eluted from the SCS column at a lower salt concentration (0.3
molar KCl) compared to the wt pS3, which eluted mostly at 0.4 molar KClI (Fig. 6.2.2a,
lane 11 and Fig. 6.2.1a, lane 12). It is important to notice that although the SCS site is a
perfect one, the amount of Val 135 p53 bound to the SCS column was very similar to the
amount of p53 bound to the mdm2 P2 column as determined by densitometry and

presented ahead (Fig.7.2.1a).
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6.2.2a. EMSA, on SCS oligo, of the SCS competent ts mt pS3 Val 13S.

10 ug of p53, contained in the Sephacryl S300 fraction pool 3-4 Cells extract, were
loaded onto the SCS affinity column and DNA affinity chromatography was performed as
specified in methods. The elution fractions were analyzed by EMSA as described in
methods. 5% of each elution fraction was incubated with a *’P labeled
deoxyoligonucleotide corresponding to the p53 binding site SCS. Mix, no protein, lane I;
C. controlp53 contained in Sf21 cells extract, lanes 2 and 3;Inp, 0.1% of input, lanes 4
and 5;Ft, 0.1% of flow-through, lanes 6 and 7;W4, 0.1% of wash four, lanes 8 and 9;

SCS elution fractions 0.2 to 0.9 molar KCI, lanes 10to 17.
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6.2.3. TBP COMPLEX BINDS TO THE SCS SITE.

In order to determine if the TBP complex co-eluted with p5S3 from the SCS column, we
analyzed the SCS elution fractions, from 3-4 cells, by EMSA using a TATA box as a

probe and as described for previous experiments.

We detected TBP complex eluting with fractions 0. 4 to 0.8 molar KCl (Fig. 6.2.3a, lanes
8 to 12). Again, as in the case of the RGC elution fractions, we did not observe the p53
dependent super shift of this TBP complex that we saw with the mdm2 P2 elution
fractions. This may be because the p53 subtype that was bound to the SCS column could
not induce the super shift or because it was present in a very low amount and we could
not detect the super shift. Although in this case, we identified p53 in the elution fractions

(Fig. 6.2.3a, lanes 9 to 12).

Regarding the affinity of TBP complex for the SCS site, we observed this TBP complex
eluting at higher salt concentration (beginning at 0.5 molar KCI) compared with its
elution profile from the mdm2 P2 column (0.4 molar KC)) (Fig. 6.2.3a, lane 9 compared

to Fig. 5.2.2a, lane 8).
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6.2.3a. TBP complex in SCS elution fractions of 3-4 Cells extract. EMSA on TATA

Box.

10 ug of p53, contained in the Sephacryl S300 fraction pool of 3-4 cells extract, were
loaded onto the SCS affinity column and DNA affinity chromatography was performed as
specified in methods. The elution fractions were analyzed by EMSA as described in
methods. 5% of each elution fraction was incubated with a *’P labeled
deoxyoligonucleotide corresponding to a TATA box (Santa Cruz). M, no protein, lane 1;
C, control, 3-4 cells nuclear extract, lane 2; Inp, 0.1% of input, lane 3; Ft, 0.1% of flow-

through, lane 4; W4, 0.1% of wash four, lane 5; SCS elution fractions 0.2 to 0.9 molar

KCl, lanes 6 to 13.
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6.3. DISCUSSION.

We isolated the wild-type pS3 expressed in insect cells and the ts mtp53 Val 135 from 3-
4 cells, using SCS DNA affinity chromatography. We detected and identified pS3 in the

SCS elution fractions in the same way we did for the mdm2 P2 and RGC experiments.

In the case of the SCS affinity chromatography as in the case of the mdm2 P2 and RGC,
the source of p53 seemed to influence the amount of p53 that was bound to the SCS
affinity column. Our results showed a substantial amount of p53 eluting from the SCS
affinity column when we used the insect cell extract. In contrast, when coming from the

3-4 cells, our results showed that much less p53 was bound to the column.

We also observed the TBP complex eluting from the SCS affinity column, as was the
case with the mdm2 P2 and RGC affinity columns. p53 eluting from the SCS affinity
column did not induce the super shift (slower migrating species) of this TBP complex
observed in the mdm2 P2 elution fractions. This result seemed to indicate that either the
pS3 species that was bound to the SCS column did not associate with this TBP complex.
However, given that very little pS3 was detected in the elution fractions, it might also
indicate that the amount of pS3 bound to the éolumn was not enough to produce such
association. Another possibility is that the association took place but was below the

detection limit.
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The fact that the much less ts mt pS3 Val 135 was bound to the SCS column compared to
the mdm2 P2 one seemed to confirm the idea of the different p53 bindomers present in

the sample.
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CHAPTER 7.

QUANTITATIVE ANALYSIS.

7.1. INTRODUCTION.

In order to further our understanding of the binding of p53 to the different pS3-binding
sites used in this work, we performed a quantitative analysis of the p53 bound to the two
DNA affinity columns mdm2 P2 and SCS. As a reminder, we have presented results
using 2 types of p53 as follows: human p53 derived from Sf21 cells and a ts mt pS3 Val
135 derived from 3-4 cells. The Sf21 cells do not produce human wt p53 unless infected
with the specific baculovirus. In the Sf21 cells, wt p53 is not activated in the same way as
in the mammalian cells. On the other hand, because of the infection procedure their stress
related kinases might be activated and this might help to produce a highly active DNA
binding form of p53. The mammalian 3-4 cells, on the other hand, produce the mouse ts.
mt p53 Val 135 in a background suitable for physiologically relevant post-translational
modifications as well as protein-protein associations and the protein adopts a wild type

conformation at the permissive temperature (see description in materials and methods).
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7.2. RESULTS

72.1. THE SAME AMOUNT OF PS3 FROM 34 CELLS DNA BINDING
ACTIVITY IS PRESENT IN THE ELUTION FRACTIONS FROM THE

IDEAL SCS AND THE GENOMIC MDM2 P2 SITES.

Given that the SCS is an ideal consensus sequence, it would be expected to bind more
pS3 than the mdm?2 P2 site, which shows a somewhat degenerate sequence. Surprisingly,
we detected the same amount of p53 eluting from both DNA affinity columns mdm2 P2
and SCS (Fig. 7.2.1a; 3-4/mdm2 Vs 3-4/SCS). The values plotted in Fig. 7.2.1a
correspond to the experiments shown in Fig. 3.2.2b for 3-4/mdm?2 and Fig. 6.2.2a for 3-
4/SCS. In each case, we measured the band corresponding to pS3 and added this value for
all the elution fractions were a p53 dependent DNA shift was observed. The amount of
p53 from 3-4 cells bound to each column was not limited by the binding capacity of the
columns. The mdm2 P2 and SCS columns had higher experimental binding capacity as
observed in the results from the experiments with the wt p53 (Fig. 7.2.1a, ICE/ mdm2
and ICE/SCS). These values correspond to the experiments shown in Fig. 3.2.1b for
ICE/mdm2 and 6.2.1a for ICE/SCS. The ts mt p53 Val 135 from the 3-4 cells bound
much less to the mdm2 P2 and SCS columns compared to the amount of the wtp53 from
insect cells (ICE) bound to them (Fig. 7.2.1a; 3-4/ mdm2 Vs ICE/mdm2 and 3-4/ SCS Vs
ICE/SCS). Fig 7.2.1a shows the amount of probe shifted, detected in all the elution

fractions for each affinity column (0.2 to 1.0 molar KCl) expressed as a percentage of the
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probe loaded in one reaction mixture, that is why, this value is more than 100% in the

case of the wild type p53 ICE/ mdm2 P2 binding site.
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7.2.1a. Amount of p53 eluted from the mdm2 P2 and SCS columas.

% probe shifted

ICE 3-4 ICE 34
MDM2 P2 SCS

We analyzed by densitometry the EMSA films for each one of the DNA affinity columns
(Mdm2 P2 and SCS) and for each one of the sources of p53 [3-4 and ICE]. We then
plotted the amount of total probe shifted by p53, in each case (elution fractions 0.2 to 1.0
molar KCl) expressed as a percentage of the amount of probe present in one reaction

mixture.
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7.2.2. BINDING AFFINITIES OF P53 FROM 3-4 CELLS vs. P53 FROM Sf21

CELLS.

Although the amount of the ts mt p53 Val 135 from 3-4 cells bound to the two p53
cognate sites was very similar, the elution profiles from the two columns were quite
different from each other. From the SCS column, p53 eluted at fraction 0.3 molar KCl.
On the other hand, from the mdm2 P2 column, we observed pS3 eluting with fractions
0.3 up to 0.6 molar KCI [Fig. 7.2.2a, 3-4: mdm2 Vs SCS]. These results are the average
value of 2 independent experiments for the 3-4_mdm2 P2 and for the ICE-mdm2 P2
| systems. This pattern of binding was observed in more than 5 independent experiments.

For the ICE- SCS and 3-4-SCS systems this is the result of one experiment.

Our results showed that the source of p53 as well as the DNA site determined the
characteristics of the binding of p53 to its cognate site at least, in terms of the amount of

the pS3 bound and in terms of the affinity/stability of such binding.
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7.2.2a. Elution profiles of wt and Val 135 p53.

The elution fractions from each column and each cell type were analyzed by EMSA, as
described in methods and using SCS deoxyoligonucleotide as a probe. The binding was
then quantitated by densitometry and expressed as the percentage of probe shifted per
each elution fraction. X-axis, percentage of probe shifted; Y-axis, cell/ affinity column

type; Z-axis, elution fractions 0.3 to 0.9 molar KCI.
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7.2.3. 3-4 NUCLEAR EXTRACT DOES NOT REDUCE THE BINDING OF WT

P53 TO THE MDM2 P2 SITE.

We observed more wt p53 (expressed in Sf21 cells) eluting from the mdm2 P2 affinity
column, compared with the amount of ts mt p53 Val 135 from 3-4 cells obtained from the
same column. In fact, p53 from 3-4 cells was bound less to both sites ( mdm2 P2 and
SCS) compared to p53 from insect cells. We wanted to know if the decreased binding of
the Val 135 pS3 was due to and inhibitory effect exerted by a factor(s) present in the
nuclear extract of the 3-4 cells. In order to answer this question, we analyzed by EMSA
the binding of the wtp53 expressed in the insect cells mixed with 10-1 cells nuclear
extract, isogenic to 3-4 cells but without p53, to see if there was a factor(s) in the 3-4
nuclear extract that inactivated the binding of p53 to its cognate site. pS3 from the insect
cells extract (ICE) was bound the same to the mdm2 P2 deoxyoligonucleotide with or
without 10-1 cells nuclear extract (Fig. 7.2.3a, lanes 2 &11; 3 & 12 and 4 &13). In both
cases, with and without 10-1 nuclear extract, this p53 was responsive to the PAb 421 as
evidenced by its super shift (Fig. 7.2.3a, lanes 8,9,10 and 14,15,16). As a control for the
effect of non-specific proteins present in the reaction mixture, we added Bovine Serum
Albumin (BSA) normalized to the amount of protein present in the 10-1 cells extract, to
some reactions, as specified. Our results showed that the presence of non-specific
proteins did not affect the binding of p53 to the mdm2 P2 probe in a significant way (Fig.

7.2.3a, lanes 5,6,7).
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These results indicated that the lower binding of p53 from the 3-4 cells to the mdm2 P2
affinity column was not due to the presence of inhibitors in the nuclear extract of the 3-4

cells, but to a characteristic of the p53 molecules present in that extract.
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7.23a. Wild-type p53 mixed with 10-1 cell extract. EMSA on mdm?2 P2 oligo.

Weosaw - X B

Different amounts of p53 (60, 180 and 300 nanograms) contained in the Sephacryl S300
Jraction pool of insect cells extract, were added to each reactions mixture as specified.
EMSA was performed as described in methods and using mdm2 P2 deoxyoligonucleotide
as a probe. 5 micrograms of protein from 10-1 cells extract or BSA were added to some
reaction mixtures as indicated. PAb 421 was included in some reaction mixtures to
produce a super shift, as indicated. Mix, no protein, lane 1; ICE, 60, 180 and 300 ng of
P53 contained in insect cell extract, lane 2,3 and 4; ICE p53, 60, 180 and 300 ng. plus
Sug of BSA, lanes 5, 6 and 7; ICE p53, 60, 180 and 300 ng. plus 5Sug of BSA plus
PAb421, lanes 8,9 and 10; ICE p53, 60, 180 and 300 ng. plus Sug of 10-1 cells extract
lanes 11, 12 and 13; ICE p53, 60, 180 and 300 ng. plus 5ug of 10-1 cells extract plus

PAb421, lanes 14,15 and 16.

109

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



7.3. DISCUSSION.

Our quantitative analysis showed that p53 from 3-4 cells bound less to the mdm2 P2 and
SCS affinity columns compared with p53 from the insect cells. According to our data,
this lower binding seemed to be due to a characteristic(s) of the p53 molecules
themselves and not to the presence of inhibitors of binding in the 3-4 nuclear extract.
Among those characteristics may be the fact that the p53 from the 3-4 cells is a
temperature sensitive mutant protein and that because of that, its ability to bind to the p53
cognate sites is reduced compared to the human wild-type protein. This idea, although
possible, is opposed by the reported data showing that the ts Val 135 p53 adopts the wild-
type conformation at the permissive temperature (32 °C). It has also been reported that at
32 °C, the ts Val 135 p53 produces a response in the 3-4 cells characteristic of the wild-
type protein. Another piece of evidence that seems to oppose this idea is the fact that, in
our experiments, we observed both p53 proteins having a similar elution profile when
eluting from the mdm2 P2 column (salt concentration 0.3 molar KCl and up). This result
suggests that the ts Val 135 p53 and the wt-p53 proteins have a similar potential affinity
for binding. Even more, other experiments done in our laboratory with mammalian wild-
type pS3 have shown the same pattern of binding as the ts Val 135 p53 to the mdm2 P2
site. All these evidence seems to point at physiologically relevant modifications to the ts

Val 135 p53 as determinants of the binding profile that we observed.

Contrary to what we expected, we did not observe a significant difference in the amount
of Val 135 p53 eluting from the SCS column, compared to the amount eluting from the

mdm?2 P2 column. One would expect that more p53 would bind to the SCS site because
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of its reported higher affinity given that it is a perfect consensus sequence. The amount of
Val 135 p53 eluted from these affinity columns might correspond to the total p53
molecules competent for binding in the sample. In this case our results would indicate
that the DNA binding site did not make a difference regarding the p53-DNA interaction
determined. Another possibility is that, although the amount of pS3 bound to both sites
was similar, the molecules of p53 that were bound to each site were not identical. This
idea seems to be supported by the differential elution profile that we observed for the Val
135 p53 when coming from the mdm2 P2 column vs. the SCS one. The p53 eluted from
the mdm2 P2 column exhibited a range of populations of p53 molecules regarding their
affinity for that site (0.3 to 0.6 molar KCI). On the other hand, the p53 eluting from the
SCS column seemed to be more homogeneous in its affinity (0.3 molar KCl). These other
pS3 populations were bound to the mdm2 P2 site with higher affinity and/or produced
more stable p5S3-DNA complexes, which required higher salt concentrations to elute (0.4
to 0.6 molar KCl). Significantly, we find that the stronger binding pS3 molecules were
detected in the elution fractions of the physiological DNA p53-binding site (mdm2 P2)

and not in the non-physiological one (SCS).
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CHAPTER 8.

DNA AFFINITY CHROMATOGRAPHY Vs ELECTROPHORETIC

MOBILITY SHIFT ASSAY.

8.1. INTRODUCTION.

In this study, we have used two techniques: EMSA and DNA affinity chromatography.
EMSA has been the technique of choice to analyze protein-DNA interactions and in the
case of p53 has been used traditionally to detect and analyze p53 DNA binding activity.
DNA affinity chromatography has been used primarily to identify and purify sequence
specific DNA binding proteins. In this study, we used DNA affinity chromatography in a
non-traditional way. We used it to study if the p53-binding site would influence the

association of pS3 with other cellular factors.

Our findings contradicted the initial assumption that the p53-binding site would influence
a differential association of p53 with other proteins. Instead, we observed the same group
of proteins (TBP, TAFII40, and TAFII 60) co-eluting with p53 from the different DNA
affinity columns that we studied (mdm2 P2, RGC and SCS). In the process of analyzing
the differential protein- protein association, we gathered information about the interaction

between p53 and some of these p53-binding sites.
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Given that DNA Affinity chromatography is more expensive and time consuming that
EMSA, we wanted to see if we could have obtained the information that we gathered
from the DNA affinity experiments, using EMSA. We limited this comparative analysis
to two topics. First we compared the requirement for PAb421 induction of sequence-
specific p53 binding between the two techniques. Second, we looked for the p53-

TAFII40-TAFII60 interaction using cellular extracts and EMSA.
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8.2. RESULTS.

8.2.1. MDM2 P2 AFFINITY CHROMATOGRAPHY DID NOT REQUIRE PAb

421 TO INDUCE P53 BINDING.

In EMSA experiments for p53 binding, PAb 421 is usually required to induce the binding
of p53 to the deoxyoligonucleotide. In fact, without this anti- p53 antibody it is not
always possible to detect p53 in these experiments. In order to compare the results we
obtained by DNA affinity chromatography to those obtained by EMSA, we analyzed the
wt p53 mdm2 P2 elution fractions from the experiment shown in fig. 3.2.1b as described
ahead. 5% of mdm2 P2 elution fractions 0.5 and 0.6 molar KCl, where we knew there
was p53, was incubated with radiolabeled SCS deoxyoligonucleotide and we performed
EMSA as described in methods. We included PAb421 were specified, to activate p53
binding. By contrast, PAb 421 addition was not necessary for the mdm2 P2 affinity
chromatography. EMSA did not show p53 dependent shift of the probe in the absence of
PAb 421 (Fig. 8.2.1a, lanes 4 y 6). Although p53 was present in the sample as evidenced
by the shift observed when we added PAb 421 to the reaction mixture (Fig. 8.2.1a, lanes
5 and 7). It is important to remember that the p53 present in these reaction mixtures was
coming from the mdm2 P2 site affinity column; that means that it already had been able
to bind to the mdm2 P2 site without the induction by the PAb 421. Nevertheless, the

EMSA failed to detect the pS3 present in these fractions.
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10 ug of p53, contained in the Sephacryl S300 fraction pool prepared from insect cell
extract was loaded onto the mdm2 P2 affinity column and DNA affinity chromatography
was performed as specified in methods. The elution fractions were analyzed by EMSA.
5% of elution fractions 0.5 and 0.6 molar KC! was incubated with a *’P labeled
deoxyoligonucleotide corresponding to the p53 binding site (SCS); PAb 421 was used,
were indicated, to activate p53 binding. Mix, no protein, lane I; ice, insect cell extract
control, lanes 2,3; 0.5, 5% of elution fraction 0.5 molar KCI, lanes 4, 5; 0.6, 5% of

elution fraction 0.6 molar KCI, lanes 6,7.
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8.2.2. EMSA DID NOT SHOW TBP COMPLEX-P53 INTERACTION.

When we analyzed 3-4 nuclear extract, by EMSA directly, prior to mdm2 P2 affinity
chromatography, we could not detect any interaction (or super shift) between p53 and any
of the members of the TBP complex identified before (Fig. 8.2.2a). We included specific
antibodies against TBP (Fig. 8.2.2a, lane 4) against TFII40 (Fig. 8.2.2a, lane S) and
against TAFII60 (Fig.8.2.2a, lane 6) as indicated to induce an antibody dependent super
shift. Neither one of these antibodies produced the slower migrating species seen before
in the elution fractions from the mdm2 P2 column (Fig.5.2.2a. lane 8; Fig. 5.2.3b, lanes
2.3 and Fig. 5.2.3c, lanes 3,4). These results suggest that DNA affinity Chromatography
showed, and perhaps enriched for, some DNA-protein interactions that the EMSA failed

to detect.
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8.2.2a. EMSA, on mdm2 P2 oligo, of 3-4 cells nuclear extract.

ddd“ — msaus

2 ug of total protein contained in the nuclear extract of 3-4 cells were added to each
reaction mixture and EMSA was performed as specified in methods. The samples were
incubated with a *’P labeled deoxyoligonucleotide corresponding to the mdm2 P2 p53-
binding site. PAb 421 was included, were specified, to activate p53 binding. Mix, no
protein, lanel; No Ab, 3-4 nuclear extract, lanes 2 and; TBP, 3-4 nuclear extract plus 6
ul of anti TBP, lane 4; TAFII40, 3-4 nuclear extract plus 6ul of anti TAFII40, lane 5;
TAFII60, 3-4 nuclear extract plus 6 ul of anti TAFII60, lane 6; ice, insect cell extract

control, lanes 7 and 8.
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8.3. DISCUSSION.

Our results showed that without the addition of PAb 421, EMSA failed to detect p53 in
samples where we knew there was p53. On the other hand, we were able to isolate p53
by the DNA affinity chromatography approach without the help of the PAb 421. This
result, again, reinforced the idea of the p53-binding site selecting for a specific p53
species "bindomer”. The lack of detection by EMSA might be because the amount of the
mdm2 P2 competent p53 bindomer present in the sample was very low and below the
detection limit. Another possibility is that this type of p53 required a three dimensional
conformation of the DNA and the length of the probe in the EMSA was not enough to

support its binding.

With the DNA affinity chromatography we also detected an interaction between p53 and
TBP. TAFII40 and TAFII60 when we examined the elution fractions using the TATA
box oligonucleotide for the EMSA. We could not see this interaction when we analyzed
the nuclear extract directly by EMSA using the mdm2 P2 site oligonucleotide. The fact
that we did not detect this interaction in the EMSA of the nuclear extract suggests that the
interaction did not take place. It might also be due to a very low amount of the specific
p33 “bindomer” that is competent for the binding to the p53-binding site analyzed and,
the association. Another possible explanation is that, in order to induce binding in the
EMSA, we had to add PAb421 to the reaction mixtures. The presence of this antibody

might have disrupted the mentioned interaction.
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CHAPTER9.

DISCUSSION.

In this study we examined p53-DNA interactions within different cellular contexts. The
first cell line, Sf21, is an insect cell line that does not harbor a native p53 gene. It was
infected with a baculovirus containing a human wild-type p53 gene. This wild-type p53
initially served as a control preparation to evaluate the experimental binding capacity of
the columns. The second cell line, 3-4, once transfected with ts mutant p53 Val 135 (see
materials and methods) exhibits the properties of wild-typ3 p53 cell line. Three p353
binding sites were examined in this study, two naturally occurring ones (mdm2 P2 and

RGC) and an idealized binding site (SCS) that does not occur naturally in the genome.

We isolated wild-type p353 expressed in Sf21 cells using mdm2 P2, RGC and SCS DNA
affinity chromatography. We detected wild-type p33 in the different elution fractions by
Western blot, using antibodies against p53 and also by Electrophoretic Mobility Shift
Assay (EMSA). In the EMSA analysis, the identity of the p53* band as being p53 protein
was confirmed by its migration pattern, by its specific binding to a pS3 cognate site and
by the responsiveness of this band to the p53 specific PAb 421. The fact that no p53 was
detected in the last wash (W4) indicated that the p53 detected in the elution fractions was
bound to the mdm2 P2, RGC or SCS DNA sites, specifically and was not a remnant from

the loaded material. The specificity of binding was also confirmed by the absence of p53

119

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



in the elution fractions of the mutant RGC (mt RGC) column, made with a mutated

version of the p53 cognate site present in the Ribosomal gene cluster.

Our results showed that within each p53 preparation there were p53 molecules with
different binding strengths. This was obvious from the different salt concentrations
needed to elute the p53 subtypes. The combination that exhibited the greatest variety of
p53 binding subtypes was the wt p53 expressed in the Sf21 cells eluted from the mdm?2
P2 affinity column (Fig. 7.2.2a, 0.3 -0.9 Molar KCl). Within the same series of
experiments, the SCS elution profile showed a smaller range of p53 subtypes, compared
to mdm2 P2, i.e. 0.3- 0.7 Molar KCIl. In both cases, mdm2 P2 and SCS, the amount of wt
pS3 eluted from the columns was much less than the amount loaded. This difference
might reflect DNA binding site selection of p53 subtypes or be due to experimental

saturation of the columns.

We also isolated the Ts mt p53 Val 135 from the 3-4 cells using mdm2 P2 and SCS DNA
affinity chromatography. We analyzed the elution fractions by EMSA because it gave as
a more sensitive way of detecting the presence of p53 in the elution fractions. The
identification criteria were the same as for the wt p53 from the Sf21 cells plus the fact
that the band corresponding to p53 was absent from the elution fractions of the 10-1 cells,
which do not have p53. When we analyzed the mammalian p53 cell extract, 3-4, we only
saw different p53 subtypes (0.3-0.6 Molar KCl) at the physiological binding site, mdm2
P2. The SCS elution profile exhibited only one p53 subtype (0.3 Molar KCI). Although,

the amount of each subtype was much less than observed for the wt p53 preparation when
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analyzed on the same columns, mdm2 P2 and SCS. In this case, we knew that the
columns were not saturated because of the results from the wt-p53 extract. Then, the
column binding capacities were not the limiting factor but instead a quality of the
mammalian nuclear extract or a condition(s) impinged upon the p53 molecules present in
3-4 cell extract. We did not observe much difference between the amounts of Val 135
p53 eluting from the SCS column compared with the amount of Val 135 p53 eluting from
the mdm2 P2 site. This result suggests that the closeness of the cognate site to the
consensus sequence is not the only determinant for the affinity and stability of the
binding of p53. Although it could also mean that such amount corresponded to the total
amount of p53 competent for binding present in the nuclear extract of the 3- 4 cells. We
think that the different p53 subtypes may reflect differences in binding affinities and that
the differences in the amounts of each pS53 subtype eluted from each site (0.3 — 0.9 molar)

may be due to differences in stability of binding.

Our results from the RGC affinity chromatography of the 3-4 cells showed a band that
seemed to be p53 but whose identity could not be confirmed (p53”). This species eluted
from a p53 specific site affinity column (RGC), was bound specifically to another p53
cognate sequence in the EMSA, migrated as pS3 in the EMSA and was not present in the
RGC elution fractions from the 10-1 cells, which do not have p53. All this evidence
suggests that the pS3” band corresponded to p53. Nevertheless, the fact that we could not
super shift this band or induce it to bind more with the PAb 421 raised doubt about its
identity. It is a known fact that some post-translational modifications of p53, such as

phosphorylation by Protein Kinase C (PKC), disturb the binding of the PAb421 to its
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epitope on the p53 molecule. This is another possibility that would explain why this band
did not respond to the PAb 421. At this point, we concentrated on the results from the
mdm2 P2 affinity column and because of that we did not pursue the identification of this

species.

Together these data seems to indicate that in each cellular extract there is a variety of p53
molecules with different binding affinity and stability. We refer to these p53 subtypes
with different binding characteristics as p53 “bindomers”. We think that each p53-
binding site selected for some of these p53 “bindomers”. We do not know what
determines the characteristics of each “bindomer” but our data suggests that those
features are impinged upon the p53 molecules themselves and that but the cellular
background used as a source of p53 played a role in determining such characteristics. We
think this is the case because when we took a preparation of each type of p53 (wt or Val
135) and mixed it with a mock preparation of the other cell extract, the p53-binding
pattern to the mdm2 P2 was not changed. The modifications to the p53 protein are
determined not only by the cell type but also by the cell status, cell cycle stage, the
presence or absence of stress and the type of stress (as described in chapter 1). These
factors combined can induce the cell to produce a variety of p53 molecules by means of
post-translational modifications and differential splicing, among others. Based on our
data, we propose a model in which each post-translational modification of p53 would
produce a change (either in conformation or in its ability to associate with other factors)
that would make that particular molecule of p53 more or less avid for one specific p53-

binding site. In this way, the deviation of each binding site from the consensus would not
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be a degeneracy of the site, but another step of control for specific pathways. This model

would explain, in part, the versatility observed in p53 function.

This hypothesis is supported by several independent findings. Firstly, p53 can be post-
translationally modified in several different ways. Secondly, it has been shown that the
p53 dimmers that tetramerize to bind DNA in a sequence-specific manner can exist in a
wild-type and in a mutant conformation and that the equilibriumm between these two
conformations may affect the stability of binding (McLure. KG., 1999). The binding
stability can also be modified by the cellular ATP/ADP ratio (Okorokov, AL., 1999).
Thirdly, a new p53-binding site has been identified which behaves atypically with respect

to its responsiveness to the PAb 421 (Resnick-Silverman L.,1998).

The amount of p53 from 3-4 cells bound to the columns was very low. We think that by
changing some of the experimental conditions would be feasible to increase the amount
of p53 recovered to the levels that we obtained with the p53 from the insect cell extract.
The changes in the experimental condition could be achieved by activating p53 by
treating the cells with DNA damaging agents. Another important consideration is the
p53-binding site selected. Based on this evidence, we think that with the appropriate
matching of the cells conditions (drug treatment, metabolite deprivation, etc) and the p53-
binding site, DNA affinity chromatography is a good technique to isolate and enrich for
P53 molecules with specific binding characteristics (p53 bindomers). Another application
could be to detect complex and physiological relevant protein-protein interactions and

enrich for the factors involved in them.
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We found that a group of proteins co-eluted with p53 from the mdm2 P2 and the RGC,
affinity columns as evidenced by autoradiography. The fact that we observed so many
bands in the autoradiography of the elution fractions made it very difficult to identify the
co-eluting proteins. For the same reason, it also was not possible to determine
conclusively, if there was a clear difference between the co-eluting proteins from the
mdm?2 P2 column compared with the ones from the RGC column. Because TBP and its
associated factors TAFII40 and TAFII60 have been seen co-immunoprecipitate with p53
and because some of the autoradiographic bands fell in the size range of these proteins,

we looked for their presence in the elution fractions.

When we analyzed, by EMSA, the mdm?2 P2, RGC and SCS elution fractions from the 3-
4 cells in order to identify some of the pS3 co-eluting proteins, we saw a TATA box
binding activity. Because we detected this activity with a TATA box as a probe and
because we observed many bands in the autoradiography, we thought that the observed
TATA box binding activity might correspond to a complex formed by TBP and other
proteins. Because of this, we called this activity TBP complex. The binding of this TBP
complex to the p53 cognate DNA sites studied, was not p53-dependent as evidenced by
its presence in the elution fractions of the 10-1 cells. Nevertheless, it is noteworthy that
only the mdm2 P2 competent p53 was able to induce a slower-migrating species/super
shift of this TBP complex. The modification to the TBP complex that we observed
correlated with the presence of p53 in the elution fractions. We observed them both in the

mdm?2 P2 elution fraction 0.4 molar KCI. This modification suggested an association
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between p53 and this TBP complex. The fact that only the mdm2 P2 competent p53
induced super shift of this TBP complex further suggested the idea of the p53 cognate
sites selecting for specific types of p53 molecules among all the pS3 present in the

sample.

The fact that this TBP complex was able to bind to the mdm2 P2 and RGC columns in a
p53 independent manner argues against pS3 as a recruiter of TBP and /or TFIID to the
promoter. We observed that p53 did not influence the stability of binding of this TBP
complex to the DNA as evidence by the same elution profile comparing 3-4 to 10-1 cells,
for each site studied. This argues against a role for p53 as a stabilizer of the interaction
between TFIID and the DNA. We did not rule out the presence of a p53 analog(s) in the
extracts, which might be the recruiter in the case of the 10-1 cells. The presence of this
TBP complex in the mdm2 P2 elution fractions in absence of p53 (10-1 cells) could also
be due to the ability of TBP to bind DNA in both specific and non-specific way. Finally,
it could also be due to the presence of other protein(s) in this complex, which may be able

to bind DNA non-specifically

Our results showed that the TATA Binding Protein (TBP) and two of its associated
factors TAFII40 and TAFII60 were members of this TBP complex. The presence of other
proteins in this complex remains to be investigated. Interactions between TBP-p53 and
TAFII60, TAFII40 - p53 have been reported before but, with purified and/or in vitro
translated proteins and by co-immunoprecipitation experiments. To the best of our

knowledge, this is the first report of an interaction between these 4 proteins as a complex
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with the DNA p353 binding site and using endogenous proteins from cellular extracts. The
fact that only the mdm2 P2 competent p53 modified the migration patterns of this TBP
complex. further supports the idea of the pS3 bindomers and suggests that not all the p53

bindomers associate in the same way with this TBP complex.

Our results showed that EMSA failed to detect p53 in samples where we knew there was
p53. The EMSA could detect this p53 only after induction of binding by the PAb 421. On
the other hand, we were able to obtain p53 by the DNA affinity chromatography
approach without the help of the PAb 421. This result, again, reinforces the idea of the
p53-binding site selecting for a specific pS3 bindomer. The lack of detection by EMSA
might be because the amount of the mdm2 P2 competent p53 species present in the
sample is very low, below the detection limit. Another possibility is that this p53 species
requires a specific conformation of the DNA element and that the length of the probe
used in the EMSA was not enough to support its binding. The DNA element in the
affinity chromatography procedure in longer than in the EMSA and may adopt a three-

dimensional conformation more favorable for this association.

With the DNA affinity chromatography we also detected an interaction between p53 and
TBP, TAFII40 and TAFII60. We could not see this interaction using the EMSA. This
might also be due to the low amount of the specific species that is competent for the
binding to the p53-binding site analyzed and the association with this TBP complex.

Another possible explanation is that, in order to induce p53 binding in the EMSA. we had
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to add PAb421 to the reaction mixtures. The presence of this antibody might have

disrupted the mentioned interaction.
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CHAPTER 10.

FUTURE DIRECTIONS.

The next step would be to confirm the hypothesis of the different p53 bindomers. In a
given physiological sample containing p53, there are a variety of pS3 molecules,
which exhibit different binding affinities and stability. We called these differentially
binding pS3 molecules “pS3 bindomers”. Each genomic pS3-binding site selects for

specific pS3 bindomers as another control mechanism in the p53 pathway.

To test this hypothesis the experimental conditions should be adjusted in order to
increase the amount of pS3 bound to the DNA affinity column e.g. activating p53 in the
cells with DNA damaging agents. It is important to match the p533-binding site chosen to
make the affinity column with the specific cellular conditions to maximize the amount of
p533 bound to it. Different p53 bindomers can then be isolated under conditions where the
limiting factor becomes the amount of p53 competent for binding in the sample and not
the binding capacity of the column itself. The isolated p53 bindomers can then be
characterized with respect to their relative amounts in each experimental conditions and
their biochemical features. It would be most interesting to see, if indeed. each p53

binding site is selecting for p53 molecules with different post-translational modifications.

Our results also showed the presence of a protein resembling p33 in the fractions from
the RGC column, but further study is required for unequivocal identification. This is of
special interest because the p53-binding site found in the ribosomal gene cluster does not
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seen to play a role in p53-dependent activation of transcription. The physiological
function of this p53-binding site is not known but is has been proposed to participate in

DNA replication given its proximity to an origin of replication.

Finally, it would be interesting to investigate the presence of a p53 analog in the TBP

complex observed in our results, given that the recruitment of this TBP complex to the

p53-binding sites studied seemed to be p53- independent.
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