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ABSTRACT. The enzymatic transfer of ADP-ribose from NAD to histong[#efined as trans(oligo-ADP-
ribosylation)] or to PARP-1 [defined as auto(poly-ADP-ribosylation)] requires binding of coenzymic DNA.
The preceding paper [Kun, E., et al. (20()pchemistry 43210-216] shows that oligonucleotides

of dsDNA can serve as coenzymic DNA for PARP-1 trans- or auto-modification activity. Results of
DNA—protein binding (EMSA) experiments reported here demonstrate that short DNA oligonucleotides
containing the 5TGTTG-3 nucleotide sequence motif preferentially bind to cloned PARR-iitro.

The same nucleotide sequence motif is responsible for striated myocyte-selective transcription of a
contractile protein gene encoding cardiac troponin T (cTnT). Results of experiments reported here
demonstrate that mutation of this motif also abolishes the differentiation-dependent activation of the
transfected cTnT promoter in myoblasts cultumeditro, indicating that nucleotide sequence-dependent
binding of PARP-1 to promoter DNA of the cTnT gene is also necessary for differentiation-dependent
activation. Thus, PARP-1 has two types of dsDNA binding activity: (1) nucleotide sequence-dependent
binding, analyzed here with EMSA experiments, and (2) coenzymic binding, measured catalytically, which
does not depend on the nucleotide sequence of the dsDNA. We hypothesize that the well-known association
of PARP-1 with chromatin can be attributed to its stable binding to chromosomal dsDNA, some portion
of which is likely to be nucleotide sequence-dependent binding. According to this hypothesis, the distribution
of this protein-modifying enzyme in chromatin may be targeted to specific genomic loci and vary according
to cell type and developmental stage.

Poly(ADP-ribose) polymerase (PARP-EC 2.4.2.30) is ary structure of (ADPR)chains predicts that proteins so
a nuclear enzyme thought to be present in all eukaryotic cell modified will be altered in their binding to other proteins or
types aboveSaccharomycesAt approximately 0.5x 10° DNA (2, 3). PARP-1 catalytic activity absolutely requires
molecules per nucleus, PARP-1 is the second most abundanDNA as a coenzyme.
non-histone nuclear proteirl), PARP-1 uses NAD as a A special significance of this system is that the ADPR
substrate to catalyze the addition of poly(ADP-ribose) gonoris NAD, a nucleotide intimately connected to cellular
[(ADPRY)] to acceptor proteins. “Auto-modification” refers e qox systems, which delicately regulate NAD/NADH ratios.
to addition of (ADPR) to one PARP-1 molecule within @ gjnceonly NAD is the PARP-1 substrate, the redox state of
homodimer. “Hetero-" or “trans-modification” occurs when q cell defines, in part, the active versus inactive state of
PARP-1 forms a complex with a second acceptor protein \he pARP-1, thereby linking this powerful epigenetic switch
such as histone #i the most frequent acceptor, with 4 ceiylar metabolism. Under some circumstances, PARP-1
octameric histones (histones within nucleosomes, but not freeCan become “superactivated”, a condition that can lead to

_hlston.es), or W't.h a variety of o_th(_er non-histone proteins, diminution of the level of NAD to levels incompatible with
including a growing list of transcription factors. The second- cell survival. In cells with extensive DNA breakage, because

of ionizing radiation or alkylating drugs, the abnormal
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1 Abbreviations: cTnT, cardiac troponin T; dsDNA, double-stranded . _ . . .
DNA; EMSA, electrophoretic mobility shift assay; MCAT core motif, The pathophysiologic interpretation fails to predict any

5-CATTCCT-3 nucleotide sequence, a TEF-1 binding site; MCAT-1  physiologic role of PARP-1. DNA breaks are rapidly repaired
element, 23-nucleotide segment of DNA containing a PARP-1 binding in normal cellular DNA, so under normal circumstances, this

site immediately adjacent to a TEF-1 binding site; PARP-1, poly(ADP- 1, ; ; ; e
ribose) polymerase 1; TEF-1, transcription enhancer factor 1; ADPR highly abundant chromatin constituent would be inactive if

ADP-ribose subunit; (ADPR) poly(ADP-ribose) polymer containing it depended exclusively upon such br_ea!<s for its functionality.
n subunits @ > 3). Nonetheless, (ADPR)s known to exist in normal cells3],
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and man_y physiological roles have bee_n proposeq for Table 1: Nucleotide Sequences of Oligonucleotides Used as
PARP-1 in normal cells (see ré&2). There is substantial  coenzymes and EMSA Competitars

evidence indicating association of PARP-1 with a number
of transcriptional factors, exerting both positive and negative

A. competitors with naturally-occurring MCAT-flanking regions.

regulation B). PARP-1 has also been implicated as playing 1+  MCAT 1 5! TGCAAGTGTTGCATTCCTCTCTG 3°
a role in DNA replication, a function supported by its 2. MCAT 2 5' TGCGCCGGGCACATTCCTGCTGC 3
colocalization with DNA polymerases) and localization at 3. SV40-CAT 5' TGCCTGACACACATTCCTCAGCT 3'

DNA replication sites 7). The conceptual difficulty in this

- . w " B. mutant oligonucleotide competitors
field has been the persistent reference to “broken DNA” as

the exclusive coenzyme of PARP-1 and a “DNA strand ! k1 5' TGCARGLGTTGCATTCCICTCTG 3
break” as the sole site in DNA to which a PARP-1 molecule 2- k2 5' TGCAAGTATTGCATTCCTCTCTG 3
binds. 3. k3 5' TGCAAGTGCTGCATTCCTCTCTG 3'
The hypothesis that broken DNA is the exclusive coen- 4. k4 5' TGCAAGTGTCGCATTCCTCTCTG 3
zyme for PARP-1 enzymatic activity was recently disproven k5 51 TGCAAGTGTTACATTCCTCTCTG 3
using oligomeric double-strand DNAs (dsDNA) that lacked n
either single-strand breaks or &nd 3-termini. The results k6 5' TGCAAGCGTTACATTICCTCICIG 3!
showed that intact dsDNAs serve as efficient coenzymes of 7- k7 5' TGCAAGTATCGCATTCCTCTCTG 3'
poly(ADP-ribose) polymerase-catalyzed adenosine diphos-s. k8 5' TGCAAGTGCTGAATTCCTICTCTG 3'
phoribose transfer from NADto histone H (trans-modifica- 9. k9 5' TGCAAGATAGCCATTCCTCTCTG 3!
tion) or to PARP-1 (auto-modification)3). More impor- 10.  kio 51 GATCACTGTTGACCTCGACACAT 3
tantly, from a perspective of DNA binding, ti& for binding = - = =
of PARP-1 to dsDNA was found to be at least 100 times *1- k3 5' TGCAATATAGCCATICCTCICIG 3
lower than that for broken DNA in the trans-modification 12. k14 5' TGCAGTATAGCCATTCCTCTCTG 3!
of histone H. These results demonstrate that physiologically C. non-specific control oligonucleotide
occurring dsDNAs are more efficient PARP-1 coenzymes NSC 5' TGGTCGTATCTTCACCGTATCTG 3

than DNA containing single-strand breaks and, therefore,
provide a basis for understanding the physiological role of
PARP activity in normal, intact cells. L m3 5' TGCAAGGTTTGCATTCCTCTCTG 3'
Recent reports suggest that PARP-1 binds to dsDNA in a 2. m4 5' TGCAAGTGGGGCATTCCTCTCTG 3'
nucleotide sequence-dependent fashion. Bacterially expressed , , , .
human PARP-1. and PARP-1 in nuclear extracts from chick @ Complementary oligonucleotides were annealed prior to use in
) ! ) . catalytic or EMSA competition experiments, but only the upper strand
embryos, bind to a restricted region of the MCAT-1 element nycleotide sequence is shown here. The nucleotides of the core motif
of the transcriptional promoter of the cTnT ge@e PARP-1 for TEF-1 binding are shown in bold type. Nucleotides that vary with
and PARP-1VP 16 fusion proteins bind to the HTLV-I Tax respect to the MCAT-1 ql!gonucleotid_e sequence are underlined. NSC
responsive elementl(). PARP-1 in chromatin extracts represents the nonspecific control oligonucleotide.
associates with DNA fragments from the PARP-1 gene
transcriptional promoter 1). The relationship between nucleotides (Qiagen) used as a probe in these studies had an
coenzymic dsDNA binding to PARP-1, measured by enzy- upper strand nucleotide sequence 6GRAGTGTTGCAT-
matic activity, and nucleotide sequence-dependent bindingTCCT CTCTGGGCGCCGGGAggtaCCTGCTG-3. This nu-
of dsDNA is unknown. cleotide sequence matches that of the chicken cTnT gene
The preceding papeb®) demonstrates that DNA of any  promoter region (nucleotides102 to —59, relative to the
nucleotide sequence, including AT homopolymers, serves transcription initiation site; see refi2—14). It contains an
efficiently as coenzymes for both trans- and auto(poly-ADP- intact core TEF-1 binding motif (bold type) within the
ribosylation). Here we report experiments in which the MCAT-1 element (underlined). The MCAT-2 motif nucle-
nucleotide sequence-dependent binding of purified humanotide sequence (italicized) has been altered (lowercase) in a
PARP-1 to dsDNAIn uitro is analyzed directly using manner that disrupts its core TEF-1 recognition motif.
electrophoretic mobility shift assays (EMSAs). The PARP-1 Complementary strands of the probe were annealed and
dsDNA binding preference is also analyzed indirectly, radiolabeled at their '&ermini with [a-32P]dCTP with
through analysis of PARP-1-dependent transcriptional pro- Klenow fragment.
moter activity in transfection experiments. The results EMSA and EMSA Competition ExperimerEsISA and
indicate that the presence of PARP-1 in chromatin can be EMSA competition experiments were carried out as de-
attributed to its direct binding to chromosomal DNA and scribed previouslyq, 15) using the 42 bp probe described
that a portion of that binding occurs at preferred sites such above. For competition EMSA experiments, double-stranded
as that identified here. Nucleotide sequence-dependent bindDNA oligonucleotides (23 bp, Operon or Invitrogen) were
ing of PARP-1 to chromosomal DNA may be involved in  synthesized with the nucleotide sequence compositions listed
the regulation of other genes, and the results presented herén Table 1. Each binding and binding competition assay
provide a basis for testing PARP-1's role in chromatin mixture (70uL) in 20 mM Tris-HCI (pH 8.0), 100 mM KClI,
structure and function. 10 mM MgCh, 10 mM DTT, and 10% (v/v) glycerol
contained 35 fmol of thé’P-labeled probe (final concentra-
MATERIALS AND METHODS tion of 100 nM) and unlabeled competitor DNA at molar
Synthetic DNA Probe for EMSA Analysis of PARP-1  ratios with the probe indicated in the figures. To initiate the
DNA Binding The synthetic, 42-nucleotide dsDNA poly- binding or binding competition reactions, Q:§ of PARP-1

D. promoter mutations
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(Trevigen) was added to the mixture (final PARP-1 cONCen-  competitor ~none MCAT2 SVCAT nsc ~ MCAT1 MCATIL probe
tration of~60 nM), and after incubation for 20 min at room @b ababoab @b ane
temperature, the PARP-1/DNA mixtures were loaded onto o

a 6 or 8% native polyacrylamide gel (60/1 acrylamide/

bisacrylamide ratio), electrophoresed in9.5BE buffer for

approximately 2 h, dried under vacuum, and then auto-

radiographed with an intensifying screen-a80 °C over-

night. The relative band intensity for competition titration ‘_ e
experiments was measured using NIH Image and scanned 19
autoradiographs. = k B

Promoter—Reporter Plasmid Construct$he promoter
reporter constructs used in this study contain 129 nucleotides
of the chicken troponin T gene promoter that contains the
probe sequence outlined above. The selective expression of
this promoter construct was initially established using
promoter-reporter constructs in Bluscript KASwith this
promoter linked to the chloramphenicol acetyltransferase
reporter gene (pBS.CAT) containing 38 nucleotides of exon
1 (12, 14). Luciferase reporter constructs were generated by
digestion of the above promoter inserts wkhd, located
in the polylinker, and\Nad, which cuts at nucleotide 15 of
exon 1, and subcloned into the PGL2 plasmid (Promega,
Madison, WI). The same pattern of regulation of this
promoter was recently demonstratadizo using transgenic
zebrafish 16).

Cell Culture and TransfectioThe QM-7 myogenic cell mp
line was cultured under growth and differentiation conditions
(17) and transfected with promotereporter plasmids as
described previouslyd( 12, 15, 16, 18) except for the use lanet 1 2 3 4 5 6 7 8 o ”']'1"112'
of Effectene transfection reagent (Qiagen). Cell lysis and

: : . _FIGURE 1: EMSA competition by naturally occurring nucleotide
luciferase assays were conducted using reagents accordlngequences_ CompetitorPDNAs: éne 1 nor)mle; lanes Zgand 3, MCAT-

to the manufacturer’s instructions (Promega). 2; lanes 4 and 5, SV 40-CAT; lanes 6 and 7, NSC; lanes 8 and 9,
MCAT-1; lanes 10 and 11, MCAT-1L (L designates the 42 bp
RESULTS probe); and lane 12, probe alone. The ratio of competitor to probe

DNA was 100 in lanes 2, 4, 6, 8, and 10 and 200 in odd-numbered

EMSA Analysis of Nucleotide Sequence-Dependent Bind-anes. All competitors were 23mer dsDNAs except in lanes 10 and
ing of PARP-1 to dsDNAThe binding of purified PARP-1 11, in which the 42mer MCAT-1 dsDNA was used. The probe was
to dsDNA oliognucleotides was analyzed in an EMSA radiolabeled MCAT-1 42mer. Competitor DNA sequences are given

system which allows bound and unbound DNA to be In Table 1.
electrophoretically separated (Figure 1). After nondenaturing same molar ratios, the nonspecific competitor displaces only
acrylamide gel electrophoresis, labeled probe DNA migration approximately one-third of the labeled MCAT-1 dsDNA
is shifted, indicating the presence of a stable PARP-1 pPARP-1 complex [Figure 2A®)]. When represented on
dsDNA complex (Figure 1, lane 1). When a 100- or 200- double-reciprocal plots, displacement of the probe indicates
fold excess of unlabeled probe DNA is added prior to aK, of approximately 100 nM, similar to thk, obtained
electrophoresis, the labeled PARP-dsDNA complex is  for coenzymic binding of dsDNA during PARP-1 catalysis
almost completely displaced (Figure 1, lanes 10 and 11). (see ref52). These results demonstrate that PARP-1 stably
Similarly, addition of the same molar ratio of a shorter (23 pinds to dsDNA and preferentially binds to a nucleotide
bp) oligonucleotide containing the MCAT-1 element nucle- sequence common to both the 23 and 42 bp oligonucleotides,
otide sequence (Table 1A, line 1) also effectively competes specifically those contained within the MCAT-1 element.
for PARP-1 binding (Figure 1, lanes 8 and 9). By contrast,  The 23 bp MCAT-1 element is part of the transcriptional
the control 23 bp oligonucleotide containing a nucleotide control region of a contractile protein gene. It contains the
sequence unrelated to that present in the MCAT-1 elementoptimal binding site (SCATTCCT-3, MCAT maotif) for
(Table 1C) is unable to compete for PARP-1 binding (Figure transcriptional enhancer factor 1 (TEF-1) family of DNA-
1, lanes 6 and 7). binding proteins 15, 19—22). Previous experiments had
The displacement of labeled MCAT-1 dsDNAARP-1 suggested that PARP-1 and TEF-1 bind to the MCAT-1
complexes by an increase in the molar ratio of the unlabeled element in a cooperative fashiof)( To determine if the
23 bp MCAT-1 competitor oligomer is quantitatively indis- TEF-1 binding site plays a primary role in the binding of
tinguishable from that obtained with self-competition using purified PARP-1, competition experiments were performed
the full 42 bp probe (in Figure 2A, compare empty squares with oligonucleotides containing optimal TEF-1 binding sites
and circles). Maximal displacement of labeled probe is but with different flanking regions found in other naturally
observed when unlabeled competitor dsDNA is present occurring TEF-1 binding elements (in Table 1A, compare
between a 100- and 200-fold excess in both cases. At theseows 2 and 3 with row 1). Each of these competitors was
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B Ficure 3: EMSA competition by synthetic oligonucleotide se-
quences. Competitor DNAs: lane 1, no competitor; laned 2
mutant oligonucleotides (Table 1B); and lane 14, nonspecific control
oligonucleotide (Table 1C). All competitor dsDNAs were 23mer
oligonucleotides at a molar ratio of oligonucleotide to probe of 100.
Other details as in the legend of Figure 1.

R2 = 0.98446
3.0 4

2.0 o : . . -
0 primarily upon nucleotides lying outside the TEF-1 binding

site.

We focused on the'Slanking region of the MCAT-1
element because previous work indicated that alteration of
these nucleotides inhibited low-mobility complex formation
(attributable, in part, to PARP-1 binding) in EMSA competi-
tion experiments using nuclear extrac®s 15). A series of
23 bp oligonucleotide dsDNAs with variations in the
nucleotide sequence of th&ftanker (Table 1B) were used

200  -100 0 100 200 300 for EMSA competition experiments (Figure 3). A 23 bp
1 oligonucleotide probe containing a complete alteration of the
[competitor DNA] (uM) TEF-1 binding site and a single nucleotide immediately

] . L upstream of the'sTGTTG-3 flanking sequence (k10, Table

FIGURE 2: Comparison of competitive dlsplacgment qf PARP-1 1B ted for PARP-1 bindi | t ffectivel

MCAT-1 binding complexes by oligonucleotides with varying )_compe ea for Inding almost as efiectively as
nucleotide sequences. (A) Competition by oligonucleotides as the intact MCAT-1 element competitor [Figure 3 (lane 13)
indicated at the right. The nucleotide sequence of each competitorand Figure 2 ¢)]. On the other hand, an oligonucleotide

oligonucleotide is given in Table 1. (B) Double-reciprocal plot of  competitor in which all five nucleotides immediately flanking

competition by 23mer MCAT-1 oligonucleotide (empty circles from the B-end of the TEF-1 binding site were changed to an
panel A) as computed by KaleidaGraph. The nonreciprocal value unrelated sequence arrangement (k9, Table 1B) competed
for the x intercept is 69 nM, and thB? value for this solution is q 9 , p

0.98. poorly for PARP-+MCAT-1 probe binding [Figure 3 (lane
10) and Figure 2 <¢)]. Oligonucleotide competitors that
found to compete less effectively for PARP-1 binding in included the k9 changes and with additional changes
EMSA analysis than either the 42 bp probe or the 23 bp upstream (k13 and k14, Table 1B) competed no less
dsDNA oligonucleotide MCAT-1 element competitor (in efficiently than k9 itself (in Figure 3, compare lanes 11 and
Figure 1, compare lanes-5 with lanes 8-11). This shows 12 to lane 10). These results support the conclusion that it
that specific binding of PARP-1 to MCAT-1 dsDNA depends is the 3-TGTTG-3 pentanucleotide sequence that is primarly

1/fraction displaced probe
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responsible for nucleotide sequence-dependent binding of A m MCAT-1 MCAT-2

purified human PARP-1 to the MCAT-1 element. B ||| Iy ML A

Competition experiments employing oligonucleotides in mut MCAT-1 MCAT-2 Tata
which individual nucleotides were changed within tHe 5 4[!?:'—':]—L
TGTTG-3 motif either singly or in pairs (Figure 3, lanes m3 ma
2-9) indicate that some positions and/or residues may be 25
more important than others for PARP-1 binding. AGA
replacement at position 2 (Table 1B, k2, row 2) reduced 20
EMSA competition to an extent almost comparable to that
with modification of the entire STGTTG-3 sequence (in
Figure 3, compare lane 3 to lane 10). Interestingly, methy-
lation of the G residue at position 2 also blocks formation
of a low-mobility complex with nuclear extracts that is
dependent upon PARP-1 binding, (15), indicating the
importance of this particular residue. Single-nucleotide 5
substitutions at other positions had a much weaker effect on
EMSA competition (Figure 3, lanes 2 and lanes6j.

Additional experiments (not shown), in which each nucle- G D G D

otide position in the TG,TsT4Gs motif (where the position FiIGUrRe 4: Effect o;u::’ARP 1 bin“;:isn and ac;‘\fity on transcription

IS Indlcated with q subscript) was replaced with all three in differentiating muscle. (A) Strugture of wild-type and mFl)Jtant
alternative nucleotides and the effect on PARPMCAT-1 promoters. The top model is the wild-type promoter fragment of
binding analyzed by EMSA competition experiments as the chicken cTnT gene containing 129 nucleotides upstream of the

described above, indicated that the relative importance of&%\;gigtior&img&?n;itle (rigr;t-?fnglteharrowl). Tthde positions of the
iti inding i . -lan -2 elements (for the nucleotide sequences, see
(esicf E)I.cl)sluc.)l.r: for PARP-1 binding is as follows: & Ts > Table 1A) are indicated as the TATA box. The bottom rqupdel shows
: the positions of mutations m3 and m4, indicated by vertical arrows.
Changing two nucleotides at once within tHeT&TTG- The nucleotide sequence of each mutation is given in Table 1C.
3 motif indicates that this moif may not be unique for TECAY S SN BCiem Bo e aite bare) or ifforentiation (0
PARP-1 binding. SUbSt'_tUt'onS at positions 1 and 5 (Tgble black bars) conditionsg.] Promotér activity was determined by é
1B, rows 1 and 5) have little effect upon EMSA competition |yciferase assay and indexed relative to that of RSV-driven
when present singly but in combination (Table 1B, row 6) luciferase. Error bars show the standard error of the mean.
profoundly reduce the level of competition (in Figure 3,
compare lanes 2 and 6 with lane 7). Conversely, the
substantial reduction in the level of competition resulting ~ In cell culture, the switch between myoblast mitotic
from G — A substitution at position 2 (Table 1B, row 2) €xpansion (growth) and the onset of myoblast fusion (dif-
can be almost completely compensated by a simultaneougdferentiation) can be controlled by adjusting the medium
substitution at position 4 (Table 1B, row 7; in Figure 3, Serum content and myoblast cell density. Thus, expression
compare lane 3 with lane 8). These results support theof a transfected promotereporter gene construct can be
conclusion that PARP-1 may preferentially bind to more than assayed both before and after differentiation to determine
one nucleotide sequence motif (see Discussion) and/or thafts pattern of differentiation-dependent regulation. A lu-
PARP-1 binding to dsDNA may be more sensitive to DNA ciferase reporter construct under the transcriptional control
structure than to the identity of individual nucleotidesr of a promoter fragment of the cTnT gene (Figure 4A) was
se transfected into cultures of the QM7 myoblast cell line under

Functional Analysis of Nucleotide Sequence-Dependentngth or differentiation conditions. Luciferase activity
Binding of PARP-1 during Muscle Differentiation in Vitro. dirécted by the wild-type promoter fragment is low in

The same pentanucleotide identified above has been showrflyoblasts under growth conditions but increases dramatically
to control the striated myocyte-selective transcription of the ater these myoblasts are induced to differentiate (Figure 4B,

chicken cTnT gene, botm itro (15) and in anin zivo wt G and D, respectively). An identical promoter construct,

transgenic zebrafish model§). A muscle cell culture model but with alteration of two nucleotides in the center of the

was used here to determine if this pentanucleotide sequencdVe-nucleotide PARP-1 binding site (m4, Table 1D), is
is also involved in the developmental activation of an €dually active in myoblasts and myotubes. Therefore,

MCAT-1-dependent promoter during the early steps of substantigl aI_terat_ion of the pen.tanucleotide sequence of the
muscle differentiation. During thia vitro differentiation of PARP-1 binding site converts this developmentally regulated
skeletal muscle, mononucleated myoblasts proliferate andPromoter into one that is developmentally unregulated.
then fuse to form multinucleated myotubes, which then An intermediate level of regulation, slightly elevated in
become contractile. Myoblasts do not express contractile myoblasts and slightly repressed in myotubes, is obtained
protein genes, but after fusion, the myotube nuclei activate after an inversion the first nucleotide of the PARP-1 binding
a cohort of contractile protein gene&3( 24), including the site with its upstream nearest neighbor (m3, G and D,
cTnT gene. The cTnT gene is expressed transiently duringrespectively, in Figure 4B; Table 1D). Alteration of the first
early stages of skeletal muscle differentiatidd, (25) and nucleotide of the PARP-1 binding site slightly diminishes
then transcriptionally repressed in midfetal development the affinity of PARP-+dsDNA binding (Figure 2, k10). This
(26, 27). is consistent with the notion that regulatory strength may be

%RSV 15
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related to the affinity with which PARP-1 binds to dsDNA feature common to dsDNAs with differing nucleotide

with a varying nucleotide sequence composition. sequences. More detailed experiments will be necessary to
determine the full range of DNA binding properties and
DISCUSSION preferences of PARP-1.

. - A growing body of evidence further indicates that PARP-1
'The experiments rep_orted here show that p'urlfled PARP-1 inds directly, and in the absence of DNA, to cellular
binds to dsDNAIn zitro in a stable and nucleotide sequence- transcription factors such as NF-kappad+36), AP-2 37),

dependent fashion. The five-nucleotide site of nucleotide : ; ; ;
- o B-MYB (38, 39), basic helix-loop—helix protein E47 40),
sequence-dependent binding of purified PARP-1 observedYY_l (41, 42), MAX (43), and viral activators44, 45). In

I a'SrGTTG-3 sequence and IS identical to t-he site fly pupae, PARP-1 has been implicated in transcriptional
necessary for striated myocyte-selective transcription con—derepression by modulating the chromatin conformation in

troIJI[e? by th{ﬁ.c-trrr:-r gene pro;noter|. At.t(\;vo-ntuclebotl[dﬁ pomt” polytene chromosomes, and the extent of chromosome
mutation within tn€ same pentanuciectide site aboliShes Cell-w, \tfing» at specific loci is reduced in PARP-1 knockout

selective transcription in embryo cell cultu® (5 and in gios (46, 47). Murine PARP knockout models also show
transgenic zebrafish embryosd). Artificial promoter con- defects in transcriptional regulatioA§—50). Genetic knock-

structs, consisting of fi\(e MCAT-1 repeats located upstream out of PARP-1 in flies has no effect on larval development
of a heterologous proximal promoter region, show the same but is required for pupal developmer&1]

strict cell selectivity but have promoter strength in muscle While these numerous reports support the notion that

C?g;é?ei;eig)edsﬁn:r ;E%Ligfﬂgﬁigfs tv(\)/it:]hfri;[ugtigrl]ral PARP-1 is involved in the regulation of gene expression,
P : P the mechanistic basis for such regulation has been unclear

of th?. PARP-1 pentanucleotide binding site are cell non- partly because of the perceived need for broken or damaged
specific, comparable to TEF-1-dependent promoters lacking DNA for activation of PARP-1 enzymatic activity, and the

g:ﬁ dFi)r?RiFr: ;t&i?fg::cgee’?xgiﬂanﬁ;i% Zegx%ngislgamz 5 implicit assumption that PARP-1's association with native
TGTT?B-3 dSDNA entanuclepotide sequence in dsDNA (“undamaged”) chromatin occurs via proteiprotein inter-
P q actions alone. The results of this study overcome these

O|IgO|S obser\I/ed herg ugro a;’? sgigm!ent to fulfill the difficulties by showing that PARP-1 binds directly to dSDNA
regu a_tory ro e§ attributed to this site vivo. ] and in a manner that shows a preference for a particular
A binding site for members of the TEF-1 family of pycleotide sequence motif. Previous results, and the preced-
transcriptional regulatory_ proteins lies |mmed|a§ely d_ovv_n- ing paper 62), show that dsDNA, regardless of its nucleotide
stream of the PARP-1 site. Apparent cooperative binding sequence composition, is far more efficient as a coenzyme
occurs when both PARP-1 and TEF-1 are mixed with for pARP-1 enzymatic activity than broken or damaged DNA
MCAT-1 dsDNA (9), which is reminiscent of the cooperative (g) Taken together, these findings show that PARP-1
binding of histones and PARP-1 to DNA2§). Such preferentially interacts with dsDNA for both its coenzymic

cooperative binding between proteins with different nucle- anq nucleotide sequence-dependent DNA binding activities.
otide sequence preferences suggests that such cobiimding

vivo not only can provide additional stability and regulatory ACKNOWLEDGMENT

complexity but also adds a second combinatorial component ) , .
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