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Xeroderma pigmentosum (XP} is an autosomal recessive disease and patients afficted with this
disease show a photo-sensitivity and often develop various type of skin cancer. Cells isclated from
these patients have increased sensitivity to uliraviolet irradiation and there are defects in repair
processes of UV-induced DNA damage. In cell hybridization experiments, at least eight genetic
complementation groups {A-H) were identified, thun, at least eight gene products are assumed to
be involved in repair of UV-induced DAN damage in human cells. UV-irradiated cells of every
complementation group recover a normal level of unscheduled DNA synthesis (UDS) after
introduction of endonuclease of T4 phage, an endonuclease which nicks specifically at pyrimidine
dimers. Loss of endonuclease-sensitive sifes (ESS) in DNA recovered from UV-irradiated XP-cells
is severely defective, as compared to normal cells. These results suggest that XP cells have defects
at either the incision or preincision step of the excision repair process. However, little is known
of how UV-induced DNA damage is repaired in human cells and how the XP gene products
function in this process as factors required for this process have not been purified.

We report here the first identification and characterization of protein factors which are
defective in XP cells of group A and group C. A protein factor which corrects the defect of group
A of XP cells was detected in cell extracts prepared from various species. The activity of this
factor was measured by restoration of UDS in UV-irradiated XP-A cells after microinjection.
Native molecular mass of this factor in calf thymus extract was estimated to be 80 kDa, by gel-
filtration, and 25 kDa by glycerol gradient. The activity was, however, recovered at 43 kDa after
renaturation from SDS-PAGE gels. In parallel, the isoelectric point was 7.5 after renaturation from
IEF gels. These values were obtained with a partilly purified sample. This factor was then
identified by two-dimensional gel electrophoresis, using a sample highly purified from SDS-PAGE
gels. Purified protein stimulated UDS specifically in group A of XP cells and endowed a normal
level of UV-resistancy to XP-A cells. These XP-A cells also showed a normal level of UDS after
treatment with either 4HAQO or psoralen plus UV-A.

A protein factor which is defective in XP-C cells was detected in nuclear extracts prepared
from various species. This factor was very stable in nuclel of XP-C cells with no detectable
decrease in its activity for at least 48 hr. Native molecular mass of this factor was estimated to be
600 kDa, by gel-filtration, and 180 kDa by glycerol gradient. The 600 kDa fraction obtained by
gel-filtration stimulated UDS only in XP-C cells.
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HEREE T D4 FEA 160 kDa B TF 90 kDa TH
B LA LML, 40 HeLa Ml By
12Eh Bt XP HlaRIBETF AR HFET 5
DOk 5V EHMRERCEET 200 EHL I

# 1. XPHfaRiRRF-ORIIAST
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Location

ABCDEFGH
Cytoplasm 4= = = e e
Nucleus o+ + 4+
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B & 5k o XP flaxERT Mg e
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bbho—oDHEHES LTI, Chd 3SHOKIE
HF 3 & 0G5, MiREmHk+F%L
TWAMEHIRELALEFEA LGNS, B
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HelLa #ifafhiHaE 5 o XP {IM I BRIFTIC
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F2. A¥XPHIETIBRF (XP-ACTYoF &b

Purification step Vol {mi) Protein (A gq) Activity End-point
Crude extract 800 13 + 1
Step 1 Bio-Rex 70 30 8 H# 6
Step 2 Ammonium sulfate 14 4 + ND
Stepd DEB2 9 2.7 +# ND
Step4  ss-DNA agarose 2 0.5 H# 100
Step 5 SDS-PAGE 0.01 NI} + ND

XP-ACF ®7E#: (activity) 1d UDS &b —, +, #, 0 4 BRERET, *o8RnEREg s BERRLT
() FEM: AR T RAT R & B End-point T5R9, ND: not determined.

Molecular Weight, kDa
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Ova 5
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30

Fraction No.

E3. 458 (Sephadex G 200) it & 3 A B XP HI/RiBET 04 F5L

(@) Aggy THIREL S 4 oo 2 i

&4y 5 Gautschi & D#EE [Exp. Cell Res., 76, 87—
94 (1973 2HESIF 55D EBbh 3,

HeLa #laHg = v 58 L, &9WE%Eh
Fho XP #icEA U TARER DNA fEf~
BT &ltky, REMRKETD XP MiaRERT
ONFRAERET B EMNTESL, ST TOEL
7 8 fih 6 BOKIBKF (A B, C, D, F,G) DK

XEHBCEMTEL, M2RINOCOEREZ
EHieboT, D, FERBETH3EIC 240 kDa
<& %P4 id 100 kDa 2 & 1,000 kDa oo
B OATHICEEABREh DL, COFAVABRIR
06 M KClIFETTHbh TV ALY, BIERT
A, Thoo DNA BEEFRFERICE
BRTE S S DIRETIFEEL TV AA, AR
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& minor component T#H v, D48 « [
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XP-ACF &[T ¢ (A 4 V3B, pH) (B4
4 v Ak (Bio-Rex70) i &1 & v 35 ik
(DEAE-cellulose) it ST 5 C & THTF LR
BESHECHHBTFESN S, F 4 B ss
DNA) T/ &4 2500 s hi- T &ic
185, TORMNEBRTEEOME(LIESh, &’
DA F v FTH B Vs & OIFHE ORI
fed i o,

v D XP-ACE o5 FRaxfliy 0l
BEHOTHESTRAZEDA, KuNABMEE
BB L7, Sephadex G200 B Tkibk:
REETOSTRIZH8kDaTH -4 (F3), &
CAM, SDSHEY T UAT I FFAVBERKE
(SDS-PAGE) &, # AL, &7 VK &
Witk s vy 2SR, T T SDS
Bk U CE#E (renaturation) 45 & 4
Tk S CiEHE I 43 kDa M S BED o h
2o BFIERLZ RS VBB TED OGNS 80kDa @
& vrey i3, SDS-PAGE OiEHE 1z 43kDa
g IOIRELS LR, oy s t0s
GEEEAL, UL, B—ERErYvo—n
DRERTAL (10~30%) K TAHI & T 5,
XP-ACF 7EM 1353 F18 25 kDa fH4E8550 5 S Hah
xht (F5), choDiEBEMED LS TEEII
EBDOMIEbA SNV, FrldESDEARD
LSRFELATVWE, Bo { XP-ACF 3Rk s ~
225 T L b SF EOWMBLAHBAEEN
Ebhd, COLSRY v 7y v EOBENE
HofER, SAABTREL RN ESTR
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PAGE U 'Y & 0 — ABEAREC T B
MR LY, REHF ESFEIZSDS-PAGE TH
K&Ew, 7 o - VEEFE TN HOEL
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BOSTFEBIE 25 kDa~43 kDa ORI TRIEL»
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F 8. RBILA AT XPAARIERT OERGR

i : i N
7. AR XPMURIART O 2 dOclBSAkENC £ sEE. KEHITHRY.

F4a. A XPAAKRIARF (XP-ACF) EEAK &

% 3 UV oo DNA R EiEiEomEE
; uDs Grain number
et~ Complementation Cell  Injection of XP-ACF
group Step 4 Step HAQD TMP

XP2708 A + + XP270S (-} 2 1
CRL1199 B - - {+) 97 31
GM3176 c - - NSF (=) 105 27
GM0435 D - -
GM2415 E _ _ TMP: Trimethyl psoralen, NSF: IL% & k5,
XP2YO F _ _ (+), (—) & injection OHFEERT.
GM3021A G - -
GM3248 H - -

NIRRT WZ Eb o DT, Sk
SR ETE OGN XP-ACF R OB
THEHECENVWRE > TVWB I EWTFREN 5,
FaFITIIDY 7 OFBEEEFRELTY
FOT, FupbBRlLTEoNLy var 2
B PR BERRE T TR LA, FBE
N B4FIE S FIcEEB R % &0 main spot &
BT s & vE L (B 7). XP-ACF ORI
IhETAERMS EZEA SN TE LD, Tk

AL LS BMEOKFKIC LD, BENLEEER
RO B C EMTE,

Hala §lila 3o XP-ACF O4FRiZF N5
BlelhhET160kDa kU 90kDa TH 2
CEET TR LTERN SEE LY
T HFEO XP-ACF S FHRHEICH O &[Ek
15 F 3T SDS-PAGE 4" v & DiEEOEHESR
h#Ai, b b XP-ACF & SDS-PAGE ETid
43kDa D% <0 TH BT Ebbh i, XP-
ACF i S E o T bR bRt
RATLEELISGbEBEERY v W, #HikD
BECRESNTEAETER s v I/ THEI L
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v E WS A & A IEEOEE S REE
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15 - 1= [Mol. Cell. Biol., 7, 3353~3357 (1987)1,
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tification of a specific protein factor defective
in group A Xeroderma pigmentosum, sub-
mitted to J. Biol. Chem.
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