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ABSTRACT

UV damage-specific binding proteins are considered
to play important roles in early responses of cells
irradiated with UV, including damage recognition in
the DNA repair process. We have surveyed nuclear
and cytoplasmic proteins which bind selectively to
UV-irradiated DNA using an electrophoretic mobility
shift assay. We detected four distinct binding activities
with different mobilities in fractions separated from
Hela cells by heparin chromatography. Three of them
were found in nuclear extracts and one in cytoplasmic
extracts. We purified one of the binding factors from
nuclear extracts to homogeneity, which was designated
NF-10 (the 10th fraction of nuclear extract on heparin
chromatography). It migrated as a 40 kDa polypeptide
in SDS—-PAGE, and bound to UV-irradiated double-
stranded DNA but not to unirradiated DNA. The binding
pattern of the NF-10 protein to DNA irradiated with UV
corresponded to the induction kinetics of (6—4) photo-
product. Removal of (6—4) photoproducts from
UV-irradiated DNA by (6—4) photoproduct-specific
photolyase diminished the binding of NF-10 protein.
These results suggest that the NF-10 protein binds to
UV-damaged DNA through (6—4) photoproduct. Immuno-
blot analysis using a monoclonal antibody revealed that
the NF-10 protein was expressedin cell lines fromall
complementation groups of xeroderma pigmento-
sum, ind icating that the NF-10 protein is a novel
UV-damaged-DNA binding protein.

INTRODUCTION

the dual incision reaction XPA, TFIIH (XPB and XPD),
XPC/HHR23B, XPF/ERCC1, XPG and replication protein A
(RPA) were shown to be required as a minimal set. However, in
thesan vitro systems the efficiency of the excision reaction seems
to be much less than thatvivo, although the predominant lesion
repaired is (6—4) photoproducts in both systeig 7). It is
possible that some accessory proteins may stimulate the excision
ratein vivo.XPE and ERCC7-11 proteirty)(the genes of which
have not yet been cloned, may have such roles.

Among the multiple steps of NER, recognition of UV damage
in DNA is thought to be a rate limiting step. Hence a recognition
factor(s) could be one of the factors affecting the efficiency of
NER. Numerous studies have been carried out to identify a
UV-damaged-DNA Imding protein by means of filter binding
assay and electrophoretic mobility shift assay (EMSALZ).

The first UV-damaged-DNA binding protein was found using a
filter binding assay by Feldberg and Grossni@nwho later
partially purified it from human placentad). This same factor
has been rediscovered using EMSA and purified from human
placenta, HelLa cells and monkey cellé{16) and designated
UV-DDB. UV-DDB was found to be a complex of 125 and 41
kDa polypeptides and to have a high affinity for UV-damaged
DNA, especially (6—4) photoprodudtq). It was also reported that
UV-DDB activity was absent in some, but not all, nuclear extracts
prepared from xeroderma pigmentosum complementation group E
(XP-E) cell lines {0-12). However, XP-E cell lines lacking this
binding activity (UV-DDB’) showed only a mild defect in NER
(1), suggesting that DDB cannot be the only factor required to
achieve optimal NER.

In this paper we report the purification to homogeneity of an
(40 kDa protein from HelLa cells which specifically binds to
UV-irradiated DNA. Partial characterization revealed that this
binding activity was specific for (6—4) photoproduct-containing

Ultraviolet light (UV) induces two main types of photoproduct inDNA and present in nuclear extracts from all XP complementation
cellular DNA, cyclobutane pyrimidine dimer (CPD) and (6—4)groups.

photoproduct. Persistence of these lesions can interfere with

essential processes such as transcription and DNA replicatiddATERIALS AND METHODS

possibly leading to cell death, mutation or neoplastic transformati%” strains and culture

(1,2). In human cells these lesions are known to be repaired by a

nucleotide excision repair (NER) systeB). (This system is Hela cells were obtained from Dr H. Yasuda (Kanazawa Univer-
universal in all organisms and plays an essential role in protectisity). The normal (WI38VA13) and XP-A (XP20SSV and

DNA from various genotoxic agents in the environment.

XP12ROSV) cell lines were from Dr K. Tanaka (Institute for

Recently the functional repair reaction has been reconstitutdtblecular and Cellular Biology, Osaka University). XP-C

in vitro with highly purified mammalian repair proteidsy). For

(XP4PASV), XP-D (XPBBESV), XP-F (XP2YOSV) and XP-G
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Figure 1. Identification of UV-damaged-DNA binding proteins in fractionated nuclear and cytoplasmic extracts. KyiceaytoplasmicB) extracts were loaded

on a HiTrap heparin column and fractionated with a linear salt gradient of 0.1-1.0 M KCI. One microliter of each fraction was tested for binding activity to UV-irradiat
(10 kJ/m®) oligonucleotide probe using an EMSA. U, unfractionated nuclear or cytoplasmic extract; FT, flow-through fraction. The bands we designated are indicz
by arrows.

(XP3BRSV) cell lines were from Dr T. Yagi (Kyoto University). ice-cold buffer A [10 mM HEPES—NaOH, pH 7.9, 1.5 mM MgCl
Lymphoblastoid cell lines, normal (GM01953A), XP-B (GM02-10 mM KCI, 0.5 mM DTT, 0.5 mM phenylmethylsatiyl
252A), XP-E (GM02450E) and the XP variant (GM01646A) werdluoride (PMSF)] and allowed to stand on ice for 10 min. The cells
purchased from the Human Genetic Mutant Cell Repositomyere homogenized by 10 strokes in a Dounce homogenizer, the
(Camden, NJ). HeLa cells were grown in RPMI 1640 medium withuclei were collected by centrifugation at 1§36r 10 min and the

5% calf serum and antibiotics. SV40-transformed cell lines wemipernatant was saved for cytoplasmic extract preparation (see
grown in Dulbecco’s modified Eagle’s medium supplemented withelow). The nuclear pellet was subjected to an additional centrifuga-
10% fetal bovine serum (FBS) and antibiotics. Lymphoblastoid cdlbn at 25 000y for 20 min and suspended in buffer B (20 mM
lines were grown in RPMI 1640 medium with 15% FBS andHEPES-NaOH, pH 7.9, 25% glycerol, 100 mM KCI, 0.2 mM
antibiotics. EDTA, 0.5 mM DTT). After homogenization and gentle stirring
for 30 min particulate material was removed by centrifugation
and the supernatant was dialyzed against buffer C (20 mM
HEPES-NaOH, pH 7.9, 20% glycerol, 100 mM KCI, 0.2 mM

A Hindlll cassette (46/50 bp!-BTACATATTGTCGTTAGAA-  EDTA, 0.5 mM DTT, 0.5 mM PMSF).
CGCGTAATACGACTCACTATAGGGAGA-3/5-AGCTTCT- Cytoplasmic extract was prepared by gently mixing the above
CCCTATAGTGAGTCGTATTACGCGTTCTAACGACAATA-  supernatant with 0.11 vol, buffer B followed by centrifugation
TGTAC-3; Takara Shuzo Co.) was used as an oligonucleoticgnd dialysis against buffer C.

probe for EMSA. One hundred nanograms of the c:ggonucleotide

were end-labeled using polynucleotide kinase srdH]JATP. P 3 ;

After removal of kinase and unincorporated4P]ATP, the DNA Purification of NF-10 protein

was irradiated with 10 kJAUV from a germicidal lamp. A Nuclear extracts prepared from a total of 60 | HeLa cell culture were
typical reaction mixture (1)) contained 1 ng?P-labeled probe, |oaded onto a heparin column (80 ml) equilibrated with 400 ml
2 g poly(dl-dC)-poly(di-dC) andl fractionated cell extracts buffer D (20 mM HEPES—NaOH, pH 7.9, 10% glycerol, 100 mM
in binding buffer [50 mM Tris—HCI, pH 8.0, 60 mM KCI, 5 mM KCI, 1.5 mM MgCh, 0.2 mM EDTA, 0.5 mM DTT) and the
MgClp, 10% glycerol, 0.5 mM dithiothreitol (DTT), 0.1 mg/ml column washed with 400 ml of the same buffer. Proteins were
bovine serum albumin (BSA)]. After incubation at@dor 15 min  ejuted with 400 ml of a linear KCI gradient (0.1-1 M) in buffer
2.5l 5x loading dye (250 mM Tris—HCI, pH 8.0, 50% glycerol,D at a flow rate of 1 ml/min. Fractions showing the binding
0.25% sodium azide, 0.25 mg/ml bromophenol blue) was addgghivities were pooled, dialyzed against buffer E (20 ml Tris—HClI,
and 1yl of the reaction mixture was resolved a€4on 8-25% pH 8.0, 10% glycerol, 0.5 mM DTT) and applied to an anion
gradient polyacrylamide gels using the Phast system (Pharmagja&hange Fractogel EMD TMAE-650 (S) column (10 ml). After
LKB Biotechnology). After electrophoresis the gels were wrappegiktensive washing proteins were eluted with 100 ml of a linear

Electrophoretic mobility shift assay (EMSA)

and exposed to X-ray film. NaCl gradient (0-0.9 M) in buffer E at a flow rate of 1 ml/min.
Active fractions were dialyzed against buffer F (50 mM HEPES—
Preparation of nuclear and cytoplasmic extracts NaOH, pH 7.9, 0.2 mM EDTA, 10% glycerol, 0.5 mM DTT) and

applied to a FPLC MonoS HR5/5 column (1 ml). The column was
Nuclear and cytoplasmic extracts were prepared according to tlwashed with 15 ml of the same buffer and proteins were eluted with
method of Dignanet al.(18). All steps were performed at@ or 20 ml of a linear NaCl gradient (0-0.5 M) in buffer F at a flow rate
on ice. In brief, late log phase cultures were harvested and waslbéd ml/min. The active fractions were combined and stored in
with phosphate-buffered saline. The cell pellet was resuspendealiguots at —80C after addition of glycerol to 20%.
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The purified NF-10 protein (MonoS fraction, @) was injected

i.p. four times into BALB/c mice. Three days after the final booster
injection of 50ug NF-10 into the tail vain the spleen was excised
from the mouse and cell fusion with myeloma cells
(P3X63-Ag8.653) was performed as previously descriBéjl (
Culture supernatants from microtiter wells containing hybridomas
were screened using an enzyme-linked immunosorbent assay
(ELISA) and cells in the promising wells were cloned twice by
limiting dilution. Western blotting was performed using a standard

Free —
procedure and immunoblots were detected with an Enhanced
- —_— Chemiluminescence kit (Amersham) according to the manufac-
L 122405878 turer’s specifications.

Figure 2. UV-dependent DNA binding of the heparin-fractionated fractions. RESULTS

32p.| abeled DNA probe was irradiated with (+) or without (=) 10 RI/m L - o . .
254 nm UV and assayed with N-FT (lanes 1 and 2), NF-10 (lanes 3 and 4jdentification of binding activities to UV-irradiated

NF-14 (lanes 5 and 6) and CF-10 (lanes 7 and 8). DNA in fractionated nuclear and cytoplasmic extracts

We utilized an EMSA to identify UV damage-specific binding
proteins. Under our assay conditions we could not detect clear
bands with crude nuclear and cytoplasmic extracts{fidanes

2 and 16, FiglB lanes 3 and 16), probably due to non-specific
The photolyases for CPD and for (6—4) photoprodijt®{were  DNA binding proteins. We fractionated nuclear and cytoplasmic
treated as follows. An aliquot of 12 ng labeled probe irradiated withktracts by heparin chromatography and tested each fraction for
10 kJ/n? UV was mixed with 511 photolyase in 5Qul binding  binding activity using an EMSA. We could detect four distinct
buffer for EMSA and spotted onto parafiim. The samples wetgands (indicated by arrows) in different fractions (E)gand
covered with a 100 mm dish containing water to prevent argesignated each fraction N-FT (flow-through fraction from nuclear
increase in temperature and exposed to photoreactivating lighttract), NF-10 (10th fraction from nuclear extract), NF-14 (14th
(three FL10EX fluorescent lamps; Panasonic) for 30 min. Thigaction from nuclear extract) and CF-10 (10th fraction from
DNA samples were extracted with phenol/chloroform, precipitatecitoplasmic extract). These DNA binding activities were found to
with ethanol and dissolved in TE buffer (10 mM Tris—HCI, pH 8.0be specific for UV-irradiated DNA, but not for unirradiated DNA

Photolyase treatment

1 mM EDTA). (Fig. 2), and to be dependent on fluence of UV (data not shown).
A B
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+ 1 2 3 4
1. Huclear extraci  ypg .. .
Y o —
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Figure 3.Purification of NF-10 protein from HelLa cell8)(Silver stained SDS—polyacrylamide gel showing NF-10 protein at various stages of purification. An outline
of the purification procedure is shown on the left. Samples from each purification step (indicated by numbers) were analyzed by SDS—PAGE (12.5% polyacrylan
and silver staining. The marker proteins used were phospholipase b (97 kDa), BSA (66 kDa), ovalbumin (45 kDa), carbonic anhydrase (31 kDa) and soybean tr
inhibitor (22 kDa). B) The correlation of UV-damaged-DNA binding activity with 40 kDa polypeptide. Fractions 14—19 (indicated) from the MonoS column were
tested for binding to UV-damaged DNA (10 k3Jray an EMSA (top) or for the presence of NF-10 by SDS—PAGE followed by silver staining (bottom).
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Figure 4. Characterization of the NF-10 proteif) TTitration of NF-10 binding to unirradiated and UV-irradiated DRER-Labeled DNA was irradiated with (lanes

5-8) or without (lanes 1-4) 10 k#1254 nm UV and assayed with the indicated amount of purified NF-10 pr&eioV/(fluence dependence of NF-10 binding

to DNA. 32P-Labeled DNA probe was irradiated with 0, 1, 3, 5 or 10%364 nm UV and assayed with UV damage-specific monoclonal antibodies (lanes 1-10)
or 200 ng purified NF-10 protein (lanes 11-15). TDM-2 (lanes 1-5) and 64M-2 (lanes 6-10) antibodies were used to determine the induction kinetics of CPD
(6—4) photoproduct respectively.

Purification of NF-10 protein from nuclear extracts A B

. . . . Photalyase for Phoiolyase for
Among these fractions we tried to purify the NF-10 protein further cychabutane dimer {E-4|phatoproduct
by means of conventional chromatography and FPLC. Active I ) I 1
fractions eluted from the final purification step, a MonoS column,
contained a single polypeptide with an apparent molecular mass of ot ok ™ i
(40 kDa on SDS-PAGE (FigA, lane 4). Furthermore, the - - -
binding activity to UV-damaged DNA in the each fraction
correlated well with the intensity of the 40 kDa band on a silver i =
stained SDS gel (Fi§B), indicating that this 40 kDa polypeptide L “ g .““' .

is the NF-10 protein with UV-damaged-DNA binding activity.

Characterization of the purified NF-10 protein

| ek | dinscdds
Using the purified NF-10 protein we tried to characterize the

binding activity. As shown in Figu#A, the binding activity to Lains 1234 5 &7H 1234 B 678
UV-irradiated DNA (lanes 5-8) was much stronger than to
unirradiated DNA (lanes 1-4), indicating that the binding aCtiVityFi ure 5. Effects of photoreactivation on NF-10 binding to UV-damaged DNA
of NF-10 has a preference for damaged DN.A' 32g-LabeIed DNA ﬁradiated with 10 kJ#n254 nm Ungas incubatgd with

In Or‘?'er to specify photoproducts reCOQn'_Zeq by NF-10, WQPR+) or without (PR—.coli photolyase specific for CPI) or Drosophilla
determined UV fluence dependence of the binding, because twe-4) photolyase specific for (6-4) photoprod@tynder photoreactivating
kinds of major UV photoproduct, CPD and (6—4) photoproductlight. These DNA probes were assayed with buffer (lanes 1 and 2), TDM-2
show different induction patterr (As measured with damage- antibody (lanes 3 and 4), 64M-2 antibody (lanes 5 and 6) and 200 ng purified
specific antibodies, the induction of CPD reached a maximum &fF 10 protein (lanes 7 and 8) for binding.
1L kJ/n? (Fig. 4B, lanes 1-5), while that of (6—4) photoproduct
increased linearly up to 10 kJrtFig. 4B, lanes 6-10). The NF-10 protein decreased after photoreactivation of (6-4) photopro-
binding pattern of NF-10 protein is similar to that of 64M-2qycts (Fig5B), but not after that of CPDs (FEA), leading us to
antibody (Fig4B, lanes 11-15), raising the possibility that NF-1Gsonclude that this NF-10 protein recognizes (6-4) photoproduct in
protein binds to (6—4) photoproduct in UV-irradiated DNA.  pNA or (6-4) photoproduct-related DNA structure.

To verify this possibility we employed two kinds of enzymatic
pﬂotoreagtiv?ticf)n to seIS\c/ti_veIé/_ ftefgo"le eithelr C{.ZDS Orb(6;@stablishment and characterization of a monoclonal
photoproducts from an UV-irradiated oligonucleotide probe. . : ; N :
shown in FigurebA, treatment of UV-damaged DNA with ﬁntlbody raised against NF-10 protein
Escherichia coliphotolyase diminished the binding of TDM-2 We have produced a monoclonal antibody directed against the
antibody, but not that of 64M-2 antibody, indicating specifiqourified NF-10 protein as described in Materials and Methods. The
photoreactivation of CPDs. On the other hand, photoreactivation bgiti-NF-10 antibody reacted with purified NF-10 protein in an
(6-4) photolyase specifically suppressed the binding of 64MELISA (data not shown) and with the 40 kDa protein in nuclear
antibody without affecting TDM-2 binding (Fi8B). Binding of the  extract in Western blot analysis (F6@). This antibody could also
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Figure 6. Characterization of the anti-NF-10 monoclonal antibaddylrtimunoblot analysis of nuclear (lane 1) and cytoplasmic (lane 2) extract prepared from HeLa
cells using anti-NF-10 antibody. One microgram of each extract was used and the immunoreactive band was developed by the enhanced chemiluminescence
system. B) Effect of anti-NF-10 antibody on binding of purified NF-10 protein to UV-damaged DNA. Anti-NF-10 antibody was preincubated with (lanes 1-4) or
without (lanes 5-8) 200 ng purified NF-10 protein on ice for 15 min and assayed with a UV-irradiated31DIK&/probe.

react with a 40 kDa protein in cytoplasmic extract. The 40 kDa A B

band in Western blots was also detected in the CF-10 fraction, but

not in the other heparin fractions from cytoplasmic extract (data £ g P

not shown). These results suggest that NF-10 and CF-10 are g 4w E E R
identical. We tested the effect of the antibody on NF-10 binding RS EREEE g g 2
to UV-damaged DNA (Fig6B). When purified NF-10 protein oo B 2R Ex 2% 3550
was preincubated with the anti-NF-10 antibody before additionto  groups MAMACDFS HBEV
the binding reaction the band of UV-damaged DNA probe

complexed with NF-10 shifted to the origin (lanes 1-4). In the R 2

absence of the NF-10 protein addition of the antibody did not —— RN

change the mobility of the UV-irradiated probe (lanes 5-8),
indicating the anti-NF-10 antibody does not interact with the Lanes 1 2 3 4 & & 7 1234
oligonucleotide probe. Taking these results together, we conclude

that this amIbOdy IS SpeCIfIC for the NF-10 protein. Figure 7. Immunoblot analysis of NF-10 protein in various XP cell lines.

Nuclear extracts were prepared from SV40-immortalizgarid lymphoblastoid

Detection of the NF-10 protein in various XP cell lines (B) cell lines. Normal (N), WI38VA13 and GM01953; XP-A, XP12ROSV and
XP20SSV; XP-B, GM02252; XP-C, XP4PASV; XP-D, XP6BESV; XP-E,

We surveyed the presence of NF-10 protein in various XP cell@M02450; XP-F, XP2YOSV; XP-G, XP3BRSV; XP variant, GM01646.

by immunoblot analysis to examine the relationships betweelfimunoblotting was performed as described in Figure 6.

NF-10 and XP gene products. As shown in Figumee detected

NF-10 protein in all nuclear extracts prepared from SV40

transformed fibroblasts and lymphoblastoid cells belonging to

different XP complementation groups, XP-A to XP-G and théo CPDs. Furthermore, the immunoblot analysis shows that this
variant, as well as normal cells. This result indicates that NF-X0otein is expressed in all XP cell lines tested so far (A to G and

is a novel UV-damaged-DNA binding protein. the variant).
Several research groups have detected binding activity to
DISCUSSION UV-damaged DNA in mammalian crude extracts using an EMSA

(10-12). Extensive purification revealed that the main UV-DDB
We have assayed UV-damaged-DNA binding activity in nucleaactivity was attributed to a complex of 125 and 41 kDa proteins
and cytoplasmic extracts from HelLa cells using an EMSA. Weith a high affinity for (6—4) photoproduct4-16). Chu and
detected four shifted bands with different mobilities in fraction€hang reported that this binding activity was absent in cells from
from heparin chromatography. These assumed binding factdvgo related XP-E patients, XP2RO (GM02415) and XP3RO
were found to preferentially bind to UV-irradiated DNA comparedGM02450) (0). In this study, however, NF-10 binding activity
with unirradiated DNA. Among these factors we have purified awas detected in fractionated nuclear extract from XP3RO
(40 kDa protein from the NF-10 fraction to homogeneity. ThéGM02450) cells (data not shown). In addition, our purified
guantitative Western blotting data using an anti-NF-10 antibogdyrotein was detected in this cell strain by Western analysig)Fig.
revealed that the degree of purification of the 40 kDa band in tteshould be noted that the 125 kDa subunit could not be detected
final fraction wa$400-fold, indicating that NF-10 is an abundantin our final fraction by silver staining (Fig). Considering these
protein (data not shown). The photoreactivation experimentiata together, we conclude that NF-10 protein is different from
suggest that NF-10 protein bound to (6—4) photoproducts, but rid¥-DDB, although we cannot exclude the remote possibility that
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NF-10 is identical to the small subunit (41 kDa) of UV-DDB untilgenerous supplies of HeLa and SV40-transformed cells. We also
the sequence of the NF-10 protein or gene is determined. thank Drs M. lhara (Nara Medical University) and T. Todo
XPA protein has a calculated molecular weight of 31 kDa an@saka University) for providing us witt.coli photolyase and
migrates as a0 kDa proteinZ1,22). It has been also shown that Drosophila (6—4) photolyase respectively. This work was sup-
XPA has a significant preference for binding to damaged DNA amubrted by Grants-in-Aid (05270102 and 06454637) for Scientific
has a higher affinity for (6—4) photoproducts than for CRI3s ( Research from the Ministry of Education, Science and Culture of
Although NF-10 protein appears to be similar to XPA protein, it i§apan.
improbable that they are identical, for the following reasons. First,
NF-10 protein did not show the doublet band on a SDS geBJFig.
which is characteristic of XPA protei2@4,23). Second, NF-10
protein was detected in XP-A cell lines (Fig\) lacking XPA
proteins 24). Third, anti-NF-10 antibody did not react with ; . ip L (1988Photochem. Photobiol8. 51-57
recombinant XPA protein and anti-XPA antibody (a generous gift, Fr'igdﬁe’rg;Ejé,, Wa)”'ieﬁé’i;_e;‘;'d Si‘;?e,"’w (1E98A Repair and
from Dr K. Tanaka) did not react with the purified NF-10 protein  MutagenesisASM Press, Washington, DC.
(data not shown). Thus we can conclude that NF-10 is not XPAf»1 “S/Iangan?- (k1€(3:9‘30i§/|nct¢9266 19$4—Hl95g S, Reardon T and S A
; 2 _ indi ; u,D., Park,C.-H., Matsunaga,T., Hsu,D.S., Reardon,J.T. and Sancar,A.
."r']errf ‘r’]"e fr;aye ;‘oungl_i th'rr]d UV dgmageﬂ DNA b'g@"?‘g p:f’te'” (1995)J. Biol. Chem 270, 24152418,
with high affinity for ( ) photoproduct In humans, Istinct ITOM 5 Apoussekhra,A., Biggerstaff,M., Shiviji,M.K.K., Vilpo,J.A., Moncollin,V.,
XPA and probably also from UV-DDB. This raises the question of  podust,V.N., Protic,M., Hubscher,U., Egly,J.-M. and Wood,R.D. (1995)
why human cells have so many (6-4) photoproduct binding Cell, 80, 859-868. o
proteins. The presence of these proteins may explain the muéh Mizuno,T., Matsunaga,T., Ihara,M., Nikaido,O. (198lL¥at. Res 254,
higher frequency of removal of (6—4) photoproducts than of CPD 175-184.
. 9 . q y L p P o . $ Szymkowski,D.E., Lawrence,C.W. and Wood,R.D. (1998¢. Natl.
in vivo (1,6). Reconstitution of the NER reactiam vitro has Acad. Sci. US/00, 9823-9827
revealed that XPA protein is indispensable for dual incision of8 Hoeijmakers,J.H.J. (199%)ends Genet9, 211-217.
damaged DNA4), consistent with the complete lack of damage1 g Eﬂdbeerg'RdSé ﬁnd C5Er0(51$gn£;pL-A- &%B?()Scregggtryﬁ 2402-2408.
; _ A g ; u,G. an ang,E. ience: —567.
removal in XP-A cellsn vivo(1). Although XPA is thought to be . fuied s by S0 R 0.k and ProtioM. (1996). Cell. Biol,
involved in the process of damage recognition, the binding 15 5041-2048.
constant for UV-damaged DNA does not seem to be high enough keeney,s., Wein,H. and Linn,S. (1988)tat. Res 273 49-56.
(3% 1F/M) (23). It was recently reported that RPA could stimulatel3 Feldberg,R.S., Lucas,J.L. and Dannenberg,A. (1B&pl. Chem 257,
damage-specific DNA binding by XPA protei25). Other 63;)94—5401- e AS. and Prot o Biol. Chem 26
UV-damaged-DNA binding proteins may have a role in enhancirty szgg‘_';’%;)c';ev'”e'A' - and Protic,M. (1991)Biol. Chem 266
the efficiency of damage recognition in NER. An alternativgs pwang,s.J. and Chu,G. (L9@pchemistry32, 1657—1666.
possibility is that some UV-damaged-DNA binding proteins mayé Keeney,S., Chang,G. J. and Linn,S. (199Bjiol. Chem 268
be involved in the cellular response after UV irradiation, ratherthalr; é129§—21j3$0-N_ AR, K o SmithCA. TaviorJ.S.. LinS
H i 1 i _ i earaon,J. 1., NIichols,A.F., Keeney,o>., omitn,C.A., laylor,J.-o., LInn,S.
In th%repalr ptrocclasp_er tshe Ft‘)J.”ICt'Q”aII arllalyf3|tshpf NFt 10 protein =% 2 Sancar,A. (1993) Biol. Chem 268 2130121308,
IS under Way 0C a”fy_ e '0_ ogical role or this pro en. .18 Dignam,J.D., Lebovitz,R.M. and Roeder,R.G. (1988)leic Acids Res
The repair of CPDs is also important for cells, since CPD is the 11, 1475-14809.
predominant lesion induced by UV. There is a possibility that9 Todo,T., Takemori,H., Ryo,H., Ihara,M., Matsunaga,T., Nikaido,O.,
another DNA damage binding factor(s) having a high affinity for ~Sato.K. and Nomeal‘(rT- (1993)1“3 361 371-374. 4 Nikaid
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