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Structural basis for the suppression of skin
cancers by DNA polymerase 1

Timothy D. Silverstein', Robert E. lohnson®, Rinku Jain', Lovise Prakash®, Satya Prakash® & Anee| K. Aggarwal'

DMA palymerase v (Poln) is unigue among eukaryotic pelymerases in its proficient ability for error-free replication through
ultravialet-induced eyclobutane pyrimidine dimers, and inactivation of Poln (alse known as POLH) in humans causes the

variant form of xeroderma pigmentosum (XPV). We present the crystal structures of Saccharomyces cerevisioe Poln (also
known as RAD3I0 ) in ternary complex with a cis-syn thymine-thymine {T-T) dimer and with undamaged DNA. The structures
reveal that the ability of Poin to replicate efficiently through the ultraviclet-induced lesion derives from a simple and yet

elegant mechanism, wherein the two Ts of the T-T dimer are accommodated in an active site cleft that is much more open
than in ather polymerases. We also show by structural, bicchemical and genetic analysis that the two Ts are maintained ina
stable configuration in the active site via interactions with Gln 55, Arg 73 and Met 74. Together, these features define the

basis for Poln's actlon on ultraviolet-damaged DNA that is crucial in suppressing the mutagenic and carcinogenic
consequences of sun exposure, thereby reducing the incidence of skin cancers in humans.

Mutations in DMNA polymerase n {Polnd are responsible for dhe
wariant form of xenaderma pigmentosum (XPVE XPV patients
are sensitive 1o ultravioler radiation and they suffer from a high
Eidence of \lLrtIishI-irkrumd skin cancers'™, The hig;h incidence
of skin cancers in these patients 5 due 10 the absence of functional
Poln. which has the notabde ability to replicaie through ultraviolet-
induced cvclobutane pyrimidine dimers {CPDs) such as a ci-gm
thymine-thymine [T-T1 dimer in an ermr-iree way”, Unlike classical
DNA palymerases. or any of the other three cukaryotic ¥ family
;\1I:.nwr.m-sa--lfnlw. Palt and Revl {also known as POLEK, POL
and REV1 in humans; Supplementary Fig. 11—that begonee stalled
at the ultraviolel-induced T-T dimer, Polny can efficiently and
accuritely replicate past this INA bsion®. The specificity of Paln
poses two questions. First, what is the structural basis of Paln's abilisy
to promote errar-free replication through a efe-gor T-T dimer?
Second. dees the enzyme use the same mechanism for inserting a
niclentide opposite the thymine dimer as opposite an u:rl.d.l.maged
baie? Tov address these longstanding questions we present here the
aructures of the catalytic core of S cencvisiae Poln (residues 1-513)in
temary complex with an incoming dATF and 2 template-primer pre-
senting the 3T of the T-T dinser in the active site, and of yeast Poln in
temary compkex with an incoming dATP and undamaged DNA.

Crystalization and structure dotormination

Compared to other eukaryoric ¥ family polymerases, crvstallization
of Paln with DNA has proved very difficult hecause the crystals
ohtained have always boen of the same form as the previously
repasrted apaenzymc crystals (apo ™, and they reveal a Poln steucture
that is very similar 1o the apo form and that contains either no DNA,
ar NA that is disordered andtor only partially bound {Supplemen-
tary Fig. 20, In these “apo-like” crystals. there are multiple protein
contacts between the ‘palm’ domain and “palymerase associated
domatn” (PAL] of one Poln molecale and palimdPAD of anothe:
malecule in theasymmetric wnit, which cause dimer formation wathin
the erystals (Supplementary Fig. 3a)l, Amongst these, Lys 140 apd
Ser 144 of one maolecule, which lie at the base of the palm demain,

make hydrogen bonds or van der Waals contacts with residues
Tye 195, Phe 194 and Asn 167 on the palm of o symmetry-related
mlecule [Supplementary Fig, ¥hh We surmised that these contacts
were inhibitory to DINA binding by ol in the crystal, and to bheeak
the apo crystal comtaces, we muzated Lys 140000 akenine and Ser 144 to
tevptophan, Using the PolniK140A, 5144W) profein, we were suc-
cewsiul in obaining Poln-IMNA co-crystals that diffracied 1w high
resolution. belonged 1o a different space growp, and possessed unit
cell dimensions that were dilferent from the uymnxyrncﬁuppluﬂwn.-
tary Table 1) Toensure that the erystal contact mautations did notalier
the hinlagical function ar the Mochemiacal activity of Poln we verified
that the rad 30 K 1404, 5 144W mutant Ren fully restores the uliraviolet
resistande and reduces the frequency af uliraviolet- induced mssions
of the rad30:4 strain, identical 10 that of the wild-type gene [Sup-
plementary Fig. 41, Also, the K140A S14W protein resemibles the
will:l-!:.'l;u' pratein in DMNA synihetic activity on bath ulndumaﬁ;d
amd T-T dimer-comtaining DNAS {Supplementary Fig 51

Overall structure

In bawh the sruciunes wath undamaged or damaged DMAs, Poln
embraces the femplate-primer with its palm {residues 1-30 and
13286}, fingers (residues 34= 1271, and thumb {reiidues 289-378)
as well as the polymeerase asseciated domain (PAD; vesidises 395-309)
unigque o ¥ -famity polymerases (Fig. 1. The palm carries the active
site reskdues Asp 30, Asp 155 and Glu 156, which catalyse the mecleo-
tidy! transfer reaction'™ {Fig- 2a). In both structures, incoming, dATH
is bownad with its triphosphate moiety interlaced bevween the fingers
and palm demain, making identical hydrogen bonds with Tyr 64 and
Arg 67 from the fingers donsain and Lys 279 from the palo domain,
and i1 sugar packed against the aromsanic ring of Phe 35 (Fig, 2a). The
catalvlic residues Asp M Asp 155 and Ghe 156 are arrayed between
the dATE triphosphate madety and the priover terminus, and pwo
Mg®™ ions—analogous to metals “A" and ‘B in replicative DA
polymerases' " "—complete the Polny active sive (Fig 2ak Thus,
Polny is well poised for dATF insertion in both struciures: opposite
the 3°T of the ubraviolet-induced cis-sm T-T dimer as well as opposite

'D-ﬂ-*.m-n*.:J Seructyursl el Chemse sl By, Mound S Sehool of Medicing, Bow 1677 1425 Madnan Avenon, Mew Yeri, MNew Fark IO0T0. USA ‘Depastment of Biochesrabey
sl Mickecular Biology. 300 Univeriity Boslevard, Unhoieity ol Tecs Madiesl Bcanch, Gaheslon, Teaurs TT7 551061, U5

o
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The masked priming toolbox: an open-source MATLAB toolbox for masked priming researchers.
Wilson AD, Tresilian J, Schlaghecken F

Centre for Sport and Exercize Sciences, Institute of Membrane and Systems Biclogy, University of Lesds, Lesds, LS2 SJT, UK, A D Wilken@lesds. ac.uk.

Abstract

The Masked Priming Toolbox is an open-source collection of MATLAB functions that utilizes the free third-party PsychToolbox-3 (PTB3: Brainard, Spatial Vision, 10, 433-436,
1997, Kleiner, Brainard & Pelli, Perception, 36, 2007, Pelli, Spatial Vision, 10, 437-442 1997 ltis designed to allow a researcher to run masked (and unmasked) priming
experiments using a variety of response devices (including keyboards, graphics tablets and force transducers). Very little knowledge of MATLAB is required; experiments are
generated by creating a text file with the required parameters, and raw and analyzed data are cutput to Excel (as well as MATLAB] files for further analysis. The toolbox
implements a variety of stimuli for use as primes and targets, as well as avariety of masks. Timing, size, location, and orientation of stimuli are all parameterizable. The code
is open-source and made available on the Web under a Creative Commaons License.

PMID: 21287113 [PubMed - in process]
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