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Abstract
Poly(ADP-ribose) polymerase 1 (PARP-1) regulates gene transcription, cell death signaling, and
DNA repair through production of the posttranslational modification poly(ADP-ribose). During
the cellular response to genotoxic stress PARP-1 rapidly associates with DNA damage, which
robustly stimulates poly(ADP-ribose) production over a low basal level of PARP-1 activity. DNA
damage-dependent PARP-1 activity is central to understanding PARP-1 biological function, but
structural insights into the mechanisms underlying this mode of regulation have remained elusive,
in part due to the highly modular six-domain architecture of PARP-1. Recent structural studies
have illustrated how PARP-1 uses specialized zinc fingers to detect DNA breaks through
sequence-independent interaction with exposed nucleotide bases, a common feature of damaged
and abnormal DNA structures. The mechanism of coupling DNA damage detection to elevated
poly(ADP-ribose) production has been elucidated based on a crystal structure of the essential
domains of PARP-1 in complex with a DNA strand break. The multiple domains of PARP-1
collapse onto damaged DNA, forming a network of interdomain contacts that introduce
destabilizing alterations in the catalytic domain leading to an enhanced rate of poly(ADP-ribose)
production.

Introduction
Poly(ADP-ribose) is a reversible posttranslational modification synthesized from NAD+ by
poly(ADP-ribose) polymerases, or PARPs, most commonly in response to cellular stress
signals such as DNA damage. The most abundant PARP enzyme in cells, PARP-1 creates
long and branched poly(ADP-ribose) covalently attached onto target proteins involved in
gene transcription, DNA damage repair, and cell death signaling (reviewed in [1]). Due to
PARP-1 involvement in DNA damage repair, inhibitors of PARP-1 are being actively
pursued for the treatment of cancer (reviewed in [2]). The primary target for PARP-1
mediated poly(ADP-ribosyl)ation is PARP-1 itself, an activity termed automodification.
Several other nuclear targets are modified by PARP-1 (reviewed in [3]); however the
mechanism for PARP-1 substrate selection is not well understood. PARP-1 catalytic activity
is chiefly regulated through its interaction with DNA damage. Binding to DNA strand
breaks elevates the PAR synthesis activity of PARP-1 over 500-fold above basal levels of
DNA-independent activity. DNA-dependent PARP-1 automodification is an immediate and
robust cellular response to DNA damage that contributes to the recruitment of DNA repair
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and chromatin remodeling factors to sites of DNA breaks [4-7]. Recent structural studies
highlighted in this article have begun to establish the physical basis for PARP-1 structure-
specific detection of DNA breaks, and the mechanism for DNA damage-dependent
activation of PARP-1 catalytic activity.

PARP-1 “beads-on-a-string” architecture
PARP-1 has a modular architecture with DNA binding, catalytic, and regulatory functions
distributed among six independently folded domains (Figure 1a). Structures of each of the
individual domains of PARP-1 in the absence of DNA have been determined (Figure 1b)
[8-12](RIKEN,Structural Genomics Consortium). Located at the PARP-1 N-terminus, two
homologous zinc finger domains, Zn1 and Zn2, recognize particular DNA structures, rather
than specific DNA sequences [8,13-16]. A third zinc finger domain, Zn3, has a structure and
function that is distinct from that of the Zn1 and Zn2 domains [9,10]. In addition to the zinc
finger domains, human PARP-1 has a BRCT (BRCA1 C–terminus) fold that is located
within the central region of PARP-1 that bears the major sites of automodification. A WGR
domain is located adjacent to the catalytic domain; it is named after a well-conserved region
of the amino acid sequence, Trp-Gly-Arg (WGR in single-letter code). The catalytic domain
(CAT) of PARP-1 is composed of two subdomains, HD and ART. The ART subdomain is
conserved in other ADP-ribosyl transferases (ARTs) of the ARTD class [17-19], and
includes the amino acids involved in binding NAD+ and performing catalysis [12,20,21].
The active site of the CAT carries out three distinct activities: the initial ADP-ribose
attachment to amino acid side chains, the elongation of the polymer with additional ADP-
ribose modules, and the introduction of branches in the polymer chain. The helical
subdomain (HD) of the CAT is composed of six α-helices with connecting linkers of
variable sizes [12]. The majority of PARP-1 structural analysis has focused on the CAT
domain, and there is a growing collection of structures of the CAT domain bound to PARP
inhibitors [12,20,22-29], thus defining features of the catalytic active site and pointing to
new avenues for drug design. There are also apo and inhibitor-bound structures determined
for the catalytic domains of related PARP family members [30-38], which will help to
understand the variation of catalytic activities [i.e. mono-versus poly(ADP-ribose)
production], and will guide the design of more potent and specific inhibitors.

How DNA damage regulates PARP-1 catalytic activity has been a long-standing question
that is central to our understanding of PARP-1 biological functions. The CAT domain alone
is capable of attaching poly(ADP-ribose) onto target proteins at a low basal level of activity
that is independent of interaction with DNA [39]. The Zn1, Zn3, and WGR domains are
required in combination with CAT for the robust DNA damage-dependent activity that is a
hallmark of PARP-1 function. The highly modular, beads-on-a-string architecture of
PARP-1 has complicated structural analysis and made it difficult to envision how the
multiple domains of PARP-1 collectively function to stimulate catalytic activity in the
presence of DNA damage. Recent structural studies have shed light on how PARP-1 binds
to breaks in the DNA [8,13,40,41]. Moreover, the crystal structure of PARP-1 essential
domains on DNA has revealed how the multiple domains of PARP-1 assemble on DNA
breaks to create a network of interdomain communication that ultimately leads to
destabilization and activation of the CAT domain [41].

DNA damage detection by PARP-like zinc fingers
The structure of a PARP-like DNA binding zinc finger was first determined for the
homologous N-terminal zinc finger domain of DNA ligase III [42], where it serves a nick
sensing function [43,44]. The structural basis for DNA strand break detection has recently
come from crystal structures of the human PARP-1 zinc fingers in complex with different
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models of DNA damage. The individual zinc fingers of human PARP-1, Zn1 and Zn2, were
each crystallized in complex with DNA double strand breaks [13]. These structures define
the features of damaged DNA that are recognized by PARP-1. Most notably, the interaction
is mediated through contacts with exposed nucleotide bases using a loop connecting two β-
strands, termed the “base stacking loop” due to its use of hydrophobic residues to stack onto
the DNA break (Figure 2a, b). A second mode of interaction is formed between a continuous
segment of the DNA phosphate backbone and a region of the zinc finger termed the
“backbone grip.” Structure-based mutagenesis has confirmed the importance of both
features to the overall binding affinity of the Zn1 and Zn2 domains [8,13]. Thus, the
signature features of damaged DNA recognized by PARP-like zinc fingers are nucleotide
bases available for interaction and a continuous region of phosphate backbone, both
common features of damaged and abnormal DNA structures.

A recent structure of human PARP-1 domains in complex with a DNA double-strand break
demonstrated a PARP-1 interface with DNA damage that is distributed over three domains
[41], providing new insights into the DNA binding activities of PARP-1. The Zn1, Zn3, and
WGR domains collectively form a continuous interface with DNA that traverses the
terminus of the double-strand break and extends over roughly seven base pairs of DNA
(Figure 2c). PARP-1 mainly contacts the ribose-phosphate backbone of the DNA mediating
sequence-independent interactions, as expected for a repair protein that binds to a variety of
damaged DNA structures independent of DNA sequence context. Zn1 makes the most
extensive interactions with the DNA double-strand break, and contacts DNA using the
backbone grip and the base stacking loop as observed in the crystal structure of the
individual Zn1 domain bound to DNA [13]. The N-terminal α-helical region of Zn3 domain
binds to the DNA on the same side as Zn1, extending the Zn1 interaction with DNA toward
the continuous duplex region, and away from the break. WGR domain binds to the 5’-
terminus of the break, with the DNA backbone held between the central β-sheet of WGR
and an α-helix that runs parallel to the β-sheet. WGR contacts with DNA extend the
contacts made by the Zn1 base stacking loop, which rests on the nucleotide bases at the end
of the DNA. Mutations that target DNA contact residues affect DNA damage-dependent
PARP-1 catalytic activity, indicating that the observed contacts are functionally important.

A recent structure of the tandem Zn1–Zn2 domains was determined in complex with DNA
damage represented by a double-strand break with a single 5’ nucleotide overhang [40]. In
this structure, Zn2 engages DNA as seen in the individual Zn2–DNA complex (Figure 2,
compare Zn2 in panel b and d), with the base stacking loop engaging the nucleotide bases at
the end of the DNA duplex and conserved Arg residues bracing the phosphate backbone.
Unexpectedly, Zn1 binds to DNA with an opposite polarity to that seen in other PARP-1
zinc finger structures (Figure 2, compare Zn1 in panel a and d). The backbone grip uses the
same conserved Arg 34 residue to bind to the phosphate backbone, but the entire domain is
flipped such that Arg 18 is directed into the DNA major groove rather than the minor groove
(Figure 2d). Furthermore, the base stacking loop of Zn1 does not engage DNA, but rather
forms contacts with the base stacking loop of Zn2 (Figure 2d). It was not possible to model
the linker connecting the two zinc fingers; however, the termini of the two zinc fingers
engaged on one DNA end are not close enough in the structure to be physically linked. A
model was therefore proposed in which the two zinc fingers originate from two different
polypeptides, and the observed interaction between Zn1 and Zn2 is responsible for
assembling two PARP-1 molecules onto DNA. The positioning of Zn1 and Zn2 on DNA in
this complex is not compatible with the Zn1–Zn3–WGR complex bound to a similar DNA
structure (Figure 2, compare panel c and d), primarily because Zn1 will not be able to form
key contacts with WGR and Zn3 (see W79 and D45 in Figure 2d). Further experimentation
is necessary to establish whether the observed conformation of Zn1 and Zn2 is consistent
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with the activation of PARP-1, and whether the observed interface between Zn1 and Zn2 is
substantial enough to drive homodimerization of PARP-1 in solution.

DNA damage-induced PARP-1 interdomain communication
The crystal structure of PARP-1 essential domains (Zn1, Zn3, WGR-CAT) bound to a DNA
double-strand break has provided the first views of how the multiple domains of PARP-1
assemble on DNA to form the active enzyme (Figure 3a) [41]. This study has taken
advantage of the fact that the Zn2 and BRCT domains are not required for DNA-dependent
activity on double-strand breaks [13,41,45] and that PARP-1 activity can be reconstituted by
mixing the isolated Zn1, Zn3 and WGR-CAT fragments with DNA [41]. The PARP-1/DNA
structure reveals that a single copy of each PARP-1 domain assembles into a compact
complex on the DNA break (Figure 3a, b). The WGR domain occupies a central location in
the complex, making contacts with all the other domains (Zn1, Zn3 and CAT) and the DNA,
thus establishing an important functional role for this conserved domain.

The PARP-1/DNA structure demonstrates that multiple interdomain contacts are formed
upon PARP-1 binding to DNA, and it demonstrates how interaction with DNA damage is
vital to the formation of three key interacting regions between PARP-1 domains: Zn1–
WGR–HD, Zn3– WGR–HD, and Zn1–Zn3 (Figure 3a). In the Zn1–WGR–HD interface,
Zn1 uses one side of the base stacking loop to contact the DNA double-strand break, while
the other side contacts the WGR near a turn between two β strands. A critical contact at the
Zn1–WGR interface is a salt bridge formed between Asp45 of Zn1 and Arg591 of WGR.
Arg591 also contacts the HD in a region connecting αE and αF (Figure 3a). WGR thus
provides a bridge between the Zn1 DNA damage interface and the catalytic domain. WGR
residues Asn567 and Tyr569 make additional contributions to the WGR–HD interface.

The Zn1 base stacking loop interaction with DNA damage is a critical factor that regulates
PARP-1 DNA-dependent activity [13], and it appears to be a pivotal aspect of PARP-1
domain assembly on DNA damage. NMR structures of human Zn1 indicate that the base
stacking loop has a flexible conformation and a high degree of mobility in the absence of
DNA (PDB code 2dmj and [8]). The interaction with DNA damage likely serves to stabilize
this region of the Zn1 structure into a single conformation and represents a conformational
transition that triggers PARP-1 domain assembly and activation in response to DNA
damage.

At the Zn3–WGR–HD interface, an extended loop of the Zn3 zinc ribbon fold contacts the
WGR and HD. Zn3 residue Trp318 occupies a central location at this interface (Figure 3a).
Trp318 is engulfed in a pocket formed by HD and WGR, stacked between WGR residue
Lys633 and HD residue Arg735. At the Zn1–Zn3 interface, the N-terminal helical region of
Zn3 rests against the Zn1 domain, near their points of contact with the DNA (Figure 3a).
The Zn1–Zn3 interaction is primarily formed by residues on the first α-helix of Zn3, and a
turn before the C-terminal α-helix of Zn1. The major contacts are formed between Zn3
residue Trp246 and Zn1 residue Arg78. Similarly, Zn1 residue Trp79 interacts with Zn3
residue Lys238 (Figure 3a). Several residues involved in interdomain contacts in the
PARP-1/DNA crystal structure were targeted by site-directed mutagenesis in full-length
PARP-1. All mutants showed moderate to severe reduction in DNA-dependent PARP-1
activity confirming the importance of the three domain interfaces observed in the PARP-1/
DNA structure [41]. The importance of interdomain communication to PARP-1 activity
suggests that these contacts represent new targets for PARP-1 inhibitor design, with the
advantage that these interfaces are specific to PARP-1 and thus avoid PARP family cross
reactivity with inhibitors that target the NAD+ binding pocket.
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Coupling DNA damage detection to catalytic activity
Upon binding to a DNA break, PARP-1 domains collapse together and establish interdomain
contacts that collectively distort the structure of HD when compared to HD structures
determined for isolated CAT domains [41]. The most prominent change in HD structure
occurs near the interface with WGR, in the region surrounding αC (Figure 3a). In CAT
structures determined in the absence of DNA and regulatory domains, αC forms an interface
with αF and αB and contributes Leu698 and Leu701 to the hydrophobic interior of the HD
[12]. In the PARP-1 complex with DNA, αC is remodeled to no longer resemble a helix,
and the entire region moves away from αF and αB and toward the WGR interface,
displacing conserved residues Leu698 and Leu701 from the hydrophobic core of the HD
(Figure 4). The structure thus suggests that the DNA damage-induced conformation of
PARP-1 acts to distort and destabilize the HD, and that HD distortion underlies PARP-1
activation. Site-directed mutants of HD residues facing the interior of the HD hydrophobic
core show a substantial increase in DNA independent activity that correlates with a decrease
in thermal stability [41], indicating that these mutations mimic the effect of DNA binding on
PARP-1 activity. In support of this model, PARP-1 binding to DNA decreases thermal
stability of full-length PARP-1, and the decrease in thermal stability depends on the CAT
domain and the ability of PARP-1 to form interdomain contacts observed in the structure of
PARP-1 in complex with DNA [41].

The decrease in thermal stability observed for PARP-1 in the presence of DNA is likely to
be a consequence of the disruption of the HD hydrophobic interior by the PARP-1
regulatory domains following binding to the break. One hypothesis is that the decrease in
thermal stability of the HD leads to an increase in protein dynamics in the ART and
consequently an increase in poly(ADP-ribosyl)ation activity. Indeed, the folds of the HD
and ART subdomains are tightly linked, since αA of the HD contributes directly to the fold
of the ART, suggesting that their stabilities and dynamics could be linked. Poly(ADP-
ribosyl)ation is a multi-step enzymatic reaction involving repeated cycles of binding to
NAD+ substrate, NAD+ hydrolysis and attachment of the ADP-ribose to the target residue,
and displacement of the ADP-ribose from the donor to the acceptor site. Therefore an
increase in protein dynamics of the ART could help increase the rate of some of these steps
and consequently increase the catalytic rate of the poly(ADP-ribosyl)ation reaction. The
stimulation of the poly(ADP-ribosyl)ation activity by DNA is not expected to modify the
ability of PARP-1 to bind to the substrate NAD+ since DNA binding does not alter PARP-1
affinity for NAD+, but rather increases the rate of the reaction [46,47]. Consistently, crystal
structures of the isolated PARP-1 CAT have shown an active site open and accessible for
binding to various inhibitors that occupy the NAD+ binding site. The increase in PARP-1
activity in the presence of DNA is also unlikely to be related to access of target protein
substrate to the catalytic site. Indeed, molecular dynamic calculations that have positioned
an extended histone peptide tail into a rigid catalytic site have shown that the CAT can
accommodate a protein substrate in the absence of DNA [18].

In addition to the structural changes that increase PARP-1 activity, it is likely that the
positioning of the region of automodification in close proximity to the catalytic domain will
contribute to PARP-1 DNA damage-dependent activity by increasing exposure to protein
substrate. The positioning of the automodification region can also explain the strong
preference for PARP-1 to attach polymers to itself, rather than heteromodification of other
molecules.
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Remaining Questions and Challenges
The modular domain architecture has challenged structural analysis of PARP-1, but the
divide and conquer approach has provided key insights into PARP-1 mechanism of action
that are consistent with biochemical analysis of the full-length protein. Nonetheless, a
structure of full-length PARP-1 bound to DNA damage will build on our understanding of
how the domains of PARP-1 assemble and communicate. For example, the BRCT domain is
not strictly required for DNA damage-dependent activity, but its positioning within the
PARP-1/DNA complex will have important implications for how PARP-1 recruits partner
proteins for heteromodification, and how the automodification reaction might proceed. It
will also be critical to understand how PARP-1 engages a variety of damaged DNA
structures. Thus far, PARP-1 has been captured in complex with damaged DNA structures
that represent a double strand break with only one end available for binding. PARP-1 is
activated by a variety of DNA structures, perhaps most importantly single strand breaks and
gaps in DNA that are commonly found in repair pathways associated with PARP-1 function.
These types of DNA damage leave two ends available for binding, and it will be important
to understand how PARP-1 parses its DNA binding domains to engage these substrates, and
how this might influence PARP-1 interdomain communication necessary for activation. An
even more difficult challenge will be to understand how PARP-1 engages unbroken, but
abnormal DNA structures like that found in nucleosomal linker DNA, where PARP-1 binds
to influence chromatin structure and gene transcription [48].

Are there multiple ways that PARP-1 assembles for activation? A growing number of
biophysical studies have observed monomeric interactions between PARP-1 and DNA
damage [49,8,13], including the Zn1–Zn2 fragment interaction with single strand breaks,
and the full-length protein with a double strand break [41]. However, PARP-1 has
measurable in vitro activity when domains are “mixed-and-matched” from separate
polypeptides [9,10,13,40,45,47], suggesting there is some fluidity in how the domains can
assemble. The Zn1–Zn2 crystal structure on a double strand break (Figure 2d) infers a dimer
assembly, which presents a testable model for an alternative mode of PARP-1 activation.
Importantly, the interdomain contacts observed in the monomeric PARP-1/DNA complex
(Figure 3) are essential for activation on a variety of damaged DNA structures (MF
Langelier et al., unpublished), so this assembly of PARP-1 domains is most likely to
represent a consistent feature of all DNA-dependent mechanisms.

The complex of PARP-1 domains bound to DNA illustrates a damage-dependent
intramolecular mechanism for rapidly elevating the low basal level of PARP-1 activity
through perturbations to the HD (Figure 4). PARP-1 activity is also regulated through other
signals besides DNA damage, such as posttranslational modifications [50,51] and interaction
with nucleosomes [48] and histones [52]. It will be interesting to investigate whether these
activating signals also act through perturbations to the HD structure. PARP-2 and PARP-3
CAT domains also contain an HD [35,38], but their overall domain organizations are quite
different from PARP-1. Thus, it will also be interesting to see how the HD of PARP-2 and
PARP-3 will be regulated, and whether they ultimately use a similar destabilization
mechanism.

Conclusion
The structural biology of poly(ADP-ribose) signaling has made important advances over the
past several years. In addition to the structures highlighted in this review, we have recently
seen the first structures of poly(ADP-ribose) glycohydrolase (PARG) enzymes that reverse
the modification [53-55], protein modules that recognize the modification (WWE [56,57]
and PBZ [58-61]), catalytic domains from additional PARP family enzymes [30,32,34], and
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the regulatory ankyrin domains of PARP-5, or Tankyrase, in complex with target protein
peptides [62,63]. Collectively, these structural insights have moved forward our
understanding of the biology and regulation of this interesting posttranslational
modification, and pave the way for exciting new discoveries.
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Highlights

**

PARP-1 zinc finger domains recognize exposed nucleotide bases as a DNA damage
signal

**

The modular domain architecture of PARP-1 collapses onto DNA damage as a monomer

**

Interdomain communication is critical to PARP-1 activation in response to DNA damage

**

A destabilized PARP-1 catalytic domain has increased poly(ADP-ribosyl)ation activity
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Figure 1. PARP-1 has a highly modular, “beads-on-a-string” architecture
(a). Schematic representation of human PARP-1 domains. A bipartite nuclear localization
signal (NLS) and a caspase 3 cleavage site (Caspase) are located between the Zn2 and Zn3
domains. A BRCA C-terminus (BRCT) fold is located within the region of PARP-1 that is
primarily targeted for automodification. The catatlyic domain is composed of an alpha-
helical subdomain (HD) and an ADP-ribosyl transferase subdomain (ART). (b). Crystal and/
or NMR structures have been determined for each of the PARP-1 domains in the absence of
DNA. Shown are the NMR structures of the homologous Zn1 and Zn2 domains (PDB code
2dmj and 2cs2, respectively [64], see also [8]), the NMR structure of the Zn3 domain (PDB
code 2jvn, see also reference [9] for crystal structure), the NMR structure of the BRCT fold
(PDB code 2cok [64], see also reference [11]), the NMR structure of the WGR domain
(PDB code 2cr9 [64]), and the crystal structure of the catalytic domain (PDB code 1a26
[12]). Catalytic subdomains are labeled (HD and ART). The catalytic domain structure was
determined in the presence of an NAD+ analogue that has defined the “acceptor site” for
poly(ADP-ribose) formation. NAD+ is modeled in the “donor site” based on the related
structure of diphthetia toxin [19]. All structure depictions were made using PYMOL
(www.pymol.org).
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Figure 2. PARP-1 recognizes exposed nucleotide bases as a signature of DNA damage
(a). Crystal structure of human Zn1 domain in complex with a DNA double strand break
(PDB code 3od8 [13]). Together with panel b, these structures illustrate the features of
damage DNA that are recognized by PARP-1 zinc finger domains: a continuous phosphate
backbone engaged by conserved Arg residues on the “backbone grip”, and exposed
nucleotide bases engaged by hydrophobic residues on the “base stacking loop”. D45 and
W79 are key Zn1 residues involved in contacts with other PARP-1 domains. (b). Crystal
structure of human Zn2 in complex with a DNA double strand break (PDB code 3odc [13]).
(c). The Zn1, Zn3, and WGR domains collectively assemble on a DNA double strand break,
with each domain forming specific protein-DNA, and protein-protein contacts with adjacent
domains [41] (see also Figure 3a). Zn1 has the same orientation as in panel a. Residues
critical for PARP-1 DNA-dependent activity are labeled: WGR residues W589 and R591,
and Zn1 residue W79. (d). Crystal structure of the tandem Zn1–Zn2 domains of PARP-1
bound to a DNA double strand break with a single 5’ nucleotide overhang [40]. Zn2 forms
DNA contacts similar to that seen for the isolated domain bound to DNA in panel b (the
same conserved residues are shown). Zn1 binds to DNA with opposite polarity to that seen
in panel a, with Arg18 positioned in the major groove rather than the minor groove, and the
“base stacking loop” forming protein-protein contacts rather than protein-DNA contacts.

Langelier and Pascal Page 13

Curr Opin Struct Biol. Author manuscript; available in PMC 2014 February 01.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



Figure 3. PARP-1 domains collectively assemble on DNA damage
(a). Human PARP-1 domains Zn1, Zn3, and WGR–CAT were crystallized in complex with
a DNA double-strand break (PDB code 4dqy [41]). The PARP-1/DNA complex illustrates
how DNA damage detection is coupled to structural transitions in the catalytic domain that
elevate poly(ADP-ribosyl)ation activity [41]. Three essential interdomain contact regions
form upon PARP-1 interaction with DNA: Zn1–WGR–HD, Zn3–WGR–HD, and Zn1–Zn3.
Mutations that target has captured interdomain contacts that are relevant to PARP-1
regulation. Interdomain communication with the HD displaces conserved Leu residues from
the hydrophobic interior of the HD, leading to destabilization of the CAT that correlates
with an elevation in PARP-1 catalytic activity. (b). A model for the approximate positioning
of the Zn2 and BRCT domains within the PARP-1/DNA complex. Zn1, Zn3, and WGR-
CAT are shown as surfaces, labeled, and colored as in Figure 1a. The Zn2 and BRCT
domains are drawn in schematic representation. Their positioning is based on the relative
location of the termini of adjacent domains in the structure. The numbering and location of
linker residues are shown. The arrow indicates the location of the PARP-1 automodification
region near the catalytic active site.

Langelier and Pascal Page 14

Curr Opin Struct Biol. Author manuscript; available in PMC 2014 February 01.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



Figure 4. Model for DNA damage-dependent activation of PARP-1
In the absence of DNA damage, PARP-1 domains exist in an extended, “beads-on-a-string”
conformation. The HD serves as a modulator of PARP-1 activity, holding the ART in a rigid
conformation. Upon detecting DNA damage the Zn1, Zn3, and WGR domains collapse
together, forming a network of interdomain contacts that perturb the structure of the HD,
displacing a “leucine switch” that decreases the stability of the catalytic domain and
increases the catalytic activity. A more flexible, dynamic ART conformation is more
efficient to perform the multi-step synthesis of poly(ADP-ribose). The collapsed
conformation positions the automodication region adjacent to the catalytic domain,
providing substrate specificity and contributing to an enhanced rate of poly(ADP-ribose)
production.

Langelier and Pascal Page 15

Curr Opin Struct Biol. Author manuscript; available in PMC 2014 February 01.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript


