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Studies of structure, stability and dynamics of human coactivator PC4
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Abstract

Human positve cofactor (PC4) contamming a 127 amino acids with serine-1ich
regions near the N-terminus, 1s a general coactvator that enhances transcriptional
actrvation of class II genes. PC4 interacts with a diverse array of proteins and DNAs
and plays an important functional role in activator-dependent transcription during DA
complex formation. Its coactvation function is medicated by phosphorylation. In
order to better understand the functional role of PC4 in transcription activation and
the process regarding the mediation of transcriptional regulation by phosphorylation
and the structural basis of molecular recognition and interactions, the structure,
stability and flexability of unphosphorylated and phosphorylated PC4 needed to be
studied. For structure studies, the first step is obtaining the pure and enough amount
of PC4. In the first year’s work of this grant, we were focusing on cloning,
purification and characterization of recombinant PC4. The NMMR data were also
collected and the chemical resonance assignments were done partly.

PC4 ¢cDNA was obtained from amplfication by PCR from a HeLa ¢cDNA lbrary.
The recombinant PC4 protein was obtained by growing E. coli bacteria harboring
PET11a/PC4 in media or obtained by thrombin-cut GST-PC4 fusion protein
expressed in E. coli bacteria with a vector (pGEX-2T) encoding a GST-PC4 fusion
protein. Several functional and protein-protein interaction assays of recombinant
PC4 protein were done in order to confirm that the recombinant proteins retain the
function of natrve protein. These results indicate that recombinant PC4 was
functionally ecjurvalent to native PC4, both proteins markedly enhance
GALA-AH-actvated transcription and can bind VP16 acidic actvation domain to
enhance activation.
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Background and specific aim

The expression of life in a Iving organism 1s built upon intricate communication
network at various levels, ranging from DNA replication, transcription, expression to
Immune responses, cell proliferation and differentiation. The information flows during
these biological events are mediated through direct, physical interactions between
biomolecules. In order to understand these important biological events, detailed
information at atomic-level concerning the structure, function, interactions of these
biomolecules 1s prerecqusite. The pivotal step 1s to obtain the three-dimensional
structures and dynamics of these proteins, nucleic acids and their complexes at atomic
resolution. A clear msight of the structure and dynamics of a protein will provide a
solid framework for understanding of its functions, folding, stability and flexdbility.

Human coactvator PC4, containing 127 amino acids with serine-rich region near
1ts N-termunus, is a general coactivator that enhances transcription actvation of class
Il genes. PC4 mteracts with a diverse array of proteins and DNAs and plays an
mmportant functional role in activator-dependent transcription during DA complex
formation. Its coactvation function is mediated by phosphorylation. The ability
of PC4 to interact with a diverse array of proteins and DNAs will provide a great
model to study the molecular recognition and interaction. Thus, we propose to
study the structure, stability, hydration and dynamics of the phosphorylated and
unphosphorylated forms of PC4 at first three years, and if possible, we will continue
to study the PC4-DNA complex and PC4-protein interaction.

Completion of this study will lead us a better understanding the functional role of
PC4 i transcription actrvation on the structural basis and the process regarding the
mediation of transcriptional regulation by phosphorylation, and it will lay a
foundation for understanding structure and function relationship and the mechanmsm
underlining the molecular interactions and recognition during the key biological process
on the structural basis.

Special aims:

The overall objectve of this grant application is to mvestigate the structure,
stability, hydration and dynamics of phosphorylated and unphosphorylated human
PC4. Comparison of the structures of the phosphorylated and unphosphorylated
human PC4 will provide additional information regarding the mediation of
transcriptional regulation by phosphorylation. Completion of this grant study will



lead us a better understanding the functional role of PC4 in transcription actvation on
the structural basis and the process regarding the mediation of transcriptional
regulation by phosphorylation, and it will lay a foundation for understanding structure
and function relationship and the structural basis of molecular recognition and
Interactions.

The first year works are:
(1) cloning of PC4 ¢c-DNA
(2) Expression of recombinant PC4 protein
(3) purification of PC4
(4) functional analysis of PC4
(5) acqusition and chemical resonance assignments of multi-dimensional homo-
and hetero-nuclear NMR spectra

Results and discussions

Cloning of PC4 ¢cDNA

Two oligonucleotides was synthesized: one 1s (5°-AATGCCTAAA
TCAAATCAAAGGAACTTGTTTC-3) based on coding sequences (-1 to +26) in
5 end of the human PC4 ¢cDNA and the other is (3’-TATCTACTGCGTCATTC
TTTCGACATT-5) based on complementary sequences (+358 to +384) near the 3’
termnus. These two oligonucleotides were used as primers and PC4 fragment was
amplified by PCR from a HeLa cDNA library, a 385 bp fragment encoding human
PC4 was obtamned. The PC4 fragment was purfied on a 1.2% agarose gel. The
purified PC4 DNA fragment was then inserted into pGEX-2T vector (Amard) at Smal
restriction site and transformed into E. coli strain XA-90. The plasmid DNA with
PC4 fragment was punfied and 1solated from transformed cells and was sent for
sequencing to confirm the PC4 DNA secjuences.

Expression and purification of recombinant PC4

Bactena strain X A-90 was transformed with a plasmid encoding a GST-PC4
fusion protein. A fusion protein was expressed in bacteria by induction with IPTG.
A 42 kDa glutathione S-transferase (GST)-PC4 fusion protein was obtained. Passing
the lysate through glutathione-Sepharose beads and eluting with 15 mIM glutathione as
described by Ge and Roeder (1994) purified the fusion protemn. The fusion protein
was separated by thrombin digestion.

After thrombin cleavage of the glutathione S-transferase (GST)-PC4 fusion



protein, intact recombinant PC4 was separated from GST by centnfugation. The
PC4 was in the supematant. The supemmatant was then applied to a single strand
DNA Agarose column in order to remove thrombin. Bound PC4 was eluted from the
column and the punty was checked by SDS-PAGE. The purity was around 98%.
To express the 1°N and >C double-labeled protein, the PC4 cDNA was inserted
into pET11a expression vector and transformed into E. coli bacteria strain BL21.
The uniformly °C, 1°N-labeled PC4 protein was obtained by growing E. coli bacteria
harboring pET11a/PC4 in minimal media containing °N,Cl and D-glucose-"C;.  The
recombinant ’C, 1°N-labeled PC4 protein was purified by heparin-Sepharose colurn
and phosphocellulose P11 column as described by Ge et. al (1996).

Functional analysis of recombinant PC4 (xPC4)

Several functional assays and protein-protein interaction assay of recombinant
PC4 protein were done in order to confirm that the recombinant proteins retain the
function of natrve protein.

Natrve PC4 1s able to markedly enhance GAL4-AH-activated transcription and
can bind VP16 acidic actrvation domain to enhance activation. To confirm recombinant
PC4 (rPC4) 1s functionally equivalent to natrve PC4, functional assays of increasing
concentrations of free IPC4 in presence of GAL4-AH and VP16 on transcription from
pPML - 53 (basal) and pGSHMC2AT (actvated) templates were proceeded. The
data show a marked enhancement of GAL4-AH-actvated transcription and a slight
stimulation of basal transcription at low concentration of PC4 and then repression of
basal transcription at higher concentration. Also, recombinant PC4 markedly
enhanced activation by binding to the acidic actrvation domain of VP16. The
protein-protein interaction assay of 1PC4 and GST-VP16 fusion protein shows that
1PC4 bound strongly to the GST-VP16 which 1s a good correlation between the
capability of the VP16 activation domain to activate transcription and to bind PC4.
These results indicate that recombinant PC4 1s capable of substituting for natrve PC4
actvity

Acquisition and chemical resonance assignments of multi-dimensional homeo-
and hetero-nuclear NMR spectra

After the recombinant unlabeled and 1>C, 1°N-labeled PC4 proteins were obtained.
2D homonuclear experiments (*H-COSY, DF-COSY, 2Q-COSY, TOCSY, NOESY)
and 2D heteronuclear experiments (*N-HSQC, >C-HSQC) were accuired on a Bruker
DPX 500 MHz NMR. 3D PC-HCCH-TOCY, PC-HCCH-COSY, 1C and
N-NOESY-HSQC, HNCA, CBCA(CO)NH, HCA(CO)N spectra were acquired.
ANl NMR data were processed on SGI computer using Bruker UXNMR program.



Measurements of *Jmy, *Jop, and *Jyy coupling constants and the stereo-specific
assignments were done as described previously (Jeng et al.,, 1994)
The chemical resonances have been 60 %, assigned, and will be further confirmed.

The progress of this grant is right on the schedule.
(Rt EZRRAFARZ EEARDE)

Reference:

Ge, H and Roeder, R. G. (1994) “Punification, cloning, and characternzation of a
human coactivator, PC4. That mediates transcriptional activation of class II genes”
Cell 78, 513-523.

Ge, H., Martinez, E., Chiang, C.-M, and Roeder, R. G. (1996) “Actvator-dependent
transcription by mammalian RNA polymerase II: In vitro reconstitution with
general transcription factors and cofactors” Methods in Enzymology 274, 57-11.

Jeng, M.-F, Campbell, A. P, Begley, T., Holmgren, A, Case, D. A, Wright, P. E,
and Dyson, H. J. (1994) “ High-resolution structure of oxidized and reduced
Escherichia coli thioredoxin” Structure 2, 853-868.



