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Motivering en toelichting

Het herstel van schade in het DNA van menselijke cellen die bestraald zijn met
uitraviolette streling, werd bestudeerd met behulp van een nieuwe en zeer gevoelige
methode. Deze methode maakt gebruik van een enzym (endonuclease), geisolaerd vit
Micrococcus luteus, dat specifiek aangriipt op de door ultraviolette straling geinduceerde
pyrimidinedimeren in het DNA, Het resultaat van de behandeling van het bestraalde

DNA in vitro met het endonuclease is dat nabij de pyrimidinedimeren enkelstreng-

breuken in het DNA worden aangebracht, Het cantal enkelstrengbreuken en dus het
aantal pyrimicinedimeren in he: DNA kan worden berekend uit da sedimentatiesnelheid
vén het DNA in alkalische suikergradignten,

De daling van het aontal gebiedjes in het DNA van bestraclde menselijke cellen
(Fibroblasten) dat gevoelig is voor het endonuclease als functie von de tijd na de bestra-
ling is een mact voor het herstel van het beschadigde DNA. In normale menselijke
fibroblasten in weefselkweek werd bij incubatie van de cellen na bestraling een ofname
van het aantal voor het endonuclease gevoelige gebiedjes gevonden, De verdwijning
van de schade kon reeds worden sangetoond na bestraling met l"liéf' meer dan 65 erq/n'u'n2
vltraviolette straling (254 nm).

In bestraclde cellen afkomstig van Xerodermu potienten was de ofnome van het
aantal voor het endonuclease gevoelige gebiedjes geringer, De yeringste aframe werd

Jevonden in cellen ofkomstig von patienten met een emstige vorm van Xeroderma



pigmentosum (klossiek syndroom of het De Sanctis Cacchione syndroom).

De rasultaten met behulp van de nieuwe methode zijn in overeenstemming
met eerder uitgevoerde experimenten, waarbij een latere stap in het herstel van
schade in DNA ten gevolge van ultraviolette straling werd gemeten, n.l. DNA

herstelreplicatie,
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Summo&v

A sensitive enzymatic assay has been developed to fcllow the progress of
DNA repair in human cells exposed to ultraviolet (UV) radiation, The assay employs
an endonuclease selectively active at sites containing pyrimidine dimers in UV-daomaged
DNA, Primary fibroblasts cre exposed t> 254 nm radiation ond incuboted for specified
times, their radioactively labelled DNA is isolcted and treoted with a UV endo~

nuclease extensively purified from Micrococcus luteus, Endonuclease-susceptible sites

remaining in the DNA are subsequently observed as single=strand scissions by
sedimentation in alkaline sucrose gradients, In comparison to the situation with
excision-proficient normal cells, those derived from patients suffering from either the
classical or the De Sanctis-Cacchione clinical form of Xeroderma pigmentosum (XP)
e;chibif a marked diminution in the rate of disappearance of nuclease-susceptible lesions

with time of post=UV incubation,



INTRODUCTION

Human cells in tissue culture are cble to circumvent the deleterious effects of
ultrovi;aler {UV) radiation { < 320 nm). This is achieved, at least in part, by the
ability of these cells to eliminote or bypass such UV photoproducts as cyclobutyi
pyrimidine dimers produced in their DNA (for reviews, see ref. 10, 11,25).

Excision repair, the most extensively studied cellular repair system, involves the
physical removal and replacement of the offending photoproducts in the damaged DNA.

Bosed largely upon elaborate studies in bacteria 7, 15, 34

-y

believed to proceed by the following choin of enzymatic steps: (i) A UV=-specific endo-

, this repair mechanizm is

nuclease recognizes the lesion and cleaves an adjscent phosphoester bond. (ii} An exo-

nuclease introduces a second single-strand scission so as to excise the lesion as part

of an oligonucleotide. The ensuing gap may be widened by additional nucleolytic

activity. (iii) The excisad genetic information is recovered by “repair replication”

in which o DNA polymerase inserts new nucleotides complementcry to those on the
opposite strand. (iv) Strand continuity is restored when a DNA ligose forms a covalent

| bond between newly-synthesized and pre-existing DNA.

The importance of a functional DNA repai: mechanism to the well-being of man
was established by the discovery that cells cultured from individuals having the here-
ditary skin disease, Xeroderma pigmentosum (XP), wer. ‘mpoired in the elimination
of UV-induced .demogcé. Two clinical variants of XP are known: 0,7 (i) o so=called
clossical type primarily characterized by abnormalities of the skin including multiple
cutoneous corcinomas and (ii) o more severe type, the lDo Sanctis=-Cacchlone syndrome,
in which various mlblogiui disorders accompany the skin tumors. h;hny efiological
studies on & number of genetically unrelated XP stralns have confirmad thot with few
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both clinical forms are deficient in excision repair 6. 28,1, 3, 13, 18, 29,35 .

exceptions
Moreover, although apparently blocked at the same operational step, the presumed initiol
. .. 7,33 s .
incision , the two syndromes probably reflect mutations in different genetic comple-
mentation groups since binuclear cells harboring a nucleus from each variant exhibit normal
levels of UV-induced repair replication

This report describes a sensitive enzymatic assay for quantitating the incidence
of pyrimidine dimers in human DNA irradiated in vivo. The in vitro assay depicted in

Fig. 1 employs an endonuclease purified from Micrococcus luteus which selectively attacks

dimer-containing sites (referred to as nuclease~susceptible sites) in UV-damaged native
DNA. The number of endonuclease-induced, single-strand brecks and therefore the num~
ber of photoproducts may be measured by subsequent sedimentation of the enzyme~treated
DNA through alkeline sucrose gradients. Incubation of UV-irradiated cells for speci-
fied periods prior to DNA extraction and anclysis enables one to follow the disappearance

f

of nuclease-susceptible sites in vivo. In accord with previous studies , results from

the opplication of the assay to normal ond XP strains strongly suggest’ that both

De Sonctis-Cacchione and classical XP cell-. fail to initiate dimer excision.

MATERIALS AND METHODS
Human strains

The experiments reported here were conducted with the following
primary strains: AHW, derived from a normoi indiviaual having no clinical symptoms;

XP4], XPSI, established from patients having the classical form of Xeroderma pigmen~

tosum; and XP12°°, XP25, XP26, obtained from De Sanctis-Cacchions potients, XP25
ond XP26 were estoblished by D. Bootsma (University of Rotterdem) from biopsies provided

by V. Der Kaloustian (American University of Be'rut).



Tissue culture conditions

Monolayer cultures of primary fibroblasts were grown routineiy in F12 medium
supplemented with 15% calf serum. All incubations were at 37°C in air conteiring 5%
COZ' Stocks were maintained in T flasks while experimental cultures were grown in
Falcon plastic petri dishes (&, 9 cm).

Cellular DNA was labelied with either 3H-—n~ethy1 thymidine (2 Ci /mmol) or
2-I4C thymidine (33 mCi/mmol). (Both rodionuclides were purchased from the Radio-
chemical Centre, Amersham, Great Britain.) Confluent monolayers of experimental
cultures were obtained by adding mlO~6 cells to growth medium supplemented with either
0.5 ,Ci 3H—thyrr..idinc or 1.0 uGi . MC-fhymidine per m! and incubating the inoculum

for 24-30 hr.

UV irradiation

Upon removing the rodioactive medium, cultures were rinsed once with balonced
salf solution. After carefully draining off the rinsing solution, tritium=labelled samples
were exposed to specified fluences of chiefly 254 nm rodiation emitted from a Philips
TUV low pressure mercury fube with an incident dose rote of 8 ergs/ (mmz.sec) . The
14C-lcbeﬂod somples served as an unirradioted control. immediotely after irradiation
non~radicactive growth medium was odded, and the UV-demaged cultures were incu-
boted for various perlods of time. Cells were then scroped from the dishes with a rubber
policeman, washed twics in iu-cﬂiﬂ physiological saline, collected by centrifuga~
fion (4°C) and Ancily the cell pelien were stored o -70°C.



DNA isolation

Cel! pellets of the control samples were resuspended in physiological saline ond
~7 x 105 were odded to ~2 x 106 UV-irradiaied ones. The combined mixture of cells
were centrifuged ond resuspended in a 1 ml solution (pH 7.5)0f0.01 M Tris~-0.15M
NaoCl - 0.01 M ethylenediaminetetraacetic acid (EDTA) = 0. 1% sorkosyl (Geigy).

Cel! lysis was achieved by incubating the suspension at 80°C for 30 min ofter which
the DNA was extracted with. an equal volume of chloroform-isoomyl alcohol (24 : 1,
V/v cecording to a modified procedure of Mormurza. The aqueous phase containing
the DINA was withdrawn and dielyzed overnight ot 4°c ogoinst 11 of the buffer used

in the assay for UV endonuclease activity (see below).

Assay for endonucleolytic activity towards UV-domaged DNA

The components of the substrate mixture, in 1201, usually were: 3H-lubelled,
UV-irradiated DNA (0.5 = 1.0 ug conteining 2 - to 4 x 104 dpm), ‘4C-labelled, un-
irradiated DNA (0,15 - 0.30 g centaining 2 = t0 4 x 103 dpm), ond 20 uM 1-RNA (Gene-
rol Biochemicals, Chagrin Falls, Ohio, U.5.A.) dissolved in a potassium phosphate
buffer (10 mM, pH 7.5) containing 10 mM 3-mercoptoethanol- 1 mM EDTA', After pre-
warming the mixture to 37°C, the reaction was initiated by introducing, with thorough
mixing, 20 ul of UV endonuclease (in 10 mM potassium phosphate = 1 mM EDTA (pH 7.0)
= 10 mM 3-mercaptoethanol = 10% ethylene glycol). The endonucleass was purified
from M. luteus essentiolly os described by Nokoyomo ond co-workers % (personal commu-
nication, R.A. Ocsterbaan). As o control, 20 ul of the UV endonuclecse buffer wos added
to o second substrate solution. After incubating ot 37°C for 20 min, conditions permitting

the UV endonucleslytic reaction to go to completion, each solution wos odded 1o on



equal volume of 1 M NaOH.

Sucrose gradient analysis of UV endonucleose-induced strand breaks

The alkaline solution containing rh; products of the endonucleolytic reaction was
directly layered on a 3.6 m! linear gradient of 5 to 2% sucrose (w/, ) in 0.5 M NaCl -
0.2 M NoOH - 0.01 M EDTA. Gradients were spun ot 40,000 rev/min (21°C} for 3 hr
in an SW56 swinging-bucket rotor powered by a Spinco model L ultrzcentrifuge (Beckman).
Approximately 28, 6-drop, fracticns were collected, by pumping from the botlom. of the
gradient, on paper sirips according to:he method of Corrier and Setlaws. Rodisactivity
profiles were generated ofter double-lobel counting each fraction (counting fluid,
toluene - 2,5 - diphenyloxazol (4g/1), 2,2 p-phenylene - bis - (4-methyl-5-phenyi-
oxazolyl)- benzene (0.1 g/1) ) in o Nuclear Chicago Mark Il scintillation counter. The
total recovey of both 3H and MC rodioaclivities was between 85 and 105% of the input
activity. Weight cverage molecular weight values for the sedimenting DNA's were
computed essentially as described by Ley and Setlow 22. Our computer progrom oermitted

| vs o exclude fractions from the top and bottom of each gradient which were clearfy
seporate from the main body of sedimenting radioactivity. This treatment of our data
increases greatly both the reproducibility and the sensitivity of the UV endonucloose

asay.

7hotoreacti vation

In cortain experiments the UV=irradioted DNA wos photoreactivated before
freatment with the M. lutevs enzyme. This wos achisved by incubating the substrate
solution with 20 ul of photorestivefing enzyme (in 10 mM NaCl = 1' mM potassium



phosbhore (pH 7.4) - 3% glycerol) for 40 min in a 37°C incubator i Hluminated with two
Philips TL20w/08 black-light lamps with an incident intensity of 4-—'104 ergs/ (mmz-.sec).
The photoreactiveting light (300-400 nm) was fiitered with gloss 13 mm thick to remove
any radiation below 320 nm. The photoreactivating enzyme was purified from Sireptomyces

griseus by the regimen of Eker 14
RETULTS

Assay for UV endonuclec:2 aciivity towards human DNA damaged in vivo

——

(i) General properties

The consequence of incubating DNA co-isolated from unirradiated und UV=-irra-
digted normal human cells with the UV endonuclease from M. luteus is illustrated in
Fig. 2. When the DNA sample is incubated alone, the difference in the weight average
molecular weignt (Mw) of the two populations of macromolecules corresponds to 0.3
single=-strand brecks per 107 daltons number average molecular weight (Mn) in the
UV-damcged in comparison to the undamaged DNA. ( Although, like Regan et 912,9
we prefer to compute Mw's, the frequency of strand breaks should be calculated from
Mn volues. 1t is “s;umed that the distribution of strand brecks is random (i.e. dimers
are induced randomly during irradiotion) and thus Mn = Mw/2 } . When the some
sample is incubcted with the purifiec enzyme however there is a noticeable decrease
in the Mw of the damagec DNA to the extend that this DNA hos acquired 6.6 breaks
per 107 daltons. Thus, the UV endonuceolytic activity per se has selectively introduced
6.3 strand incisions per 107 daltons (Mn) in the DNA pre-exposed in vivo o a fluence

of 2% ergs/mm2 of germicidal light.
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The difference between the Mw values of the UV endonuc!ease-treated and un-
treated DNA extracted from undamaged cells is well within the gradiant-to-gredient
reproaucibi lity of the velocity sedimentation method. Furthermore, in many instances
the Mw of the enzyme-treated DNA actually exceeds that of the unireoted DNA, This
absolute dependence on UV domage for endonucleolytic activity indicates that the
purified enzyme is free of contaminating non-specific endonucleases.

Dato in Fig. 3 show that a linear relationship exists between production of strand
brecks by the UV endonuclease in vitro and UV dose incident on the DNA in vivo. Such
d direct dependence of endonucleolytic activity on UV dose is expected if the M. luteus
enzyme quanﬁtoﬁ:-e!ywi ;‘.troduces a sil:gle incision near each photoproduct.

The stondard coniitions (20 min, 37°C) for incubation with the UV endonuclease
permit the endonuclealytic reaction to proceed to completion as further treohlnenr with

a second aliquot of the enzyme results in relatively little additional sirand breckage

(see Fig.. 4).
(i1) Substrote specificity

To estoblish tha subsirate specificity of the M. luteus UV endonuclecse DNA
from UV=irradiated human cells was first subjected to conditions permitting photoreocti-
vation. It can be seen in rig. 4 that pre~incubation with purified photoreactivating en-
zyme in the presence of near UV light essentiolly converts the radition-damaged DNA
into an unsuitoble substrate for the UV endonucleass. Since pyrimidine dimers ore the
only known substrate for photosnzymatic repeir of UV-irradiated DNAsz itls concluded
that the .ndomcl.plytf}; c,qﬁvi'fy present In the M. luteus enzyms is hi-ghly selective for

-



stretches in UV-domaged DNA containing these photoproducts. This conclusion is sub-
stantiated further by the observation that the UV endonuclease treotment induces ~ ¢
strand scissions per 107 daltons in DNA from cells exposed to ¢ UV fluence of 230 ergs/mm2
(Fig. 3); a value in excellent agreement with the number of dimers, ~ 5 per 107 daltons,
expected in the UV~domaged DNA33.

Time course for the in vivo disoppearance of nuclease-susceptible sites

(i} in normal cells

Fig. 5 depicts the results of several experiments in which normal AH cells were exposed
to varicus UV doses and subsequently incubated for specified time intervals prior to treating
the extracted DINA with the UV endonuclease. The disappearance of nuclease-susceptible
sites with time of post = UV incubotion of the cells appears to follow first~order kinetics.

It should also be noted that the froction of sites offected decreases with increcsing UV
dose to the cells. After exposure to 65 ergs/mmz, about 70 percent of the sites originolly
present were ottacked by 9 hours. With a dose of 500 ergs/mm2 o considerably reduced
proportion (~ 10 -~ 15%) was converted during the same incubation period.

The data in Fig. 5 can be expressed in terms of rate of substrate turnover; thot is,
cbsolute numbers of dimer-containing sites in the UV-domoged DNA per cell affected during
a 9 hr incubation period. This treatment of the data permits us to estimate the incident
UV dose necessary to soturate the cellular enzyme system(s) coralyzing dimer attack.

Table 1 demonstrates that ot low UV doses (65-125 ergs/mmz) the rate of discppearance
of nuclease - susceptible sites increases with UV dose. At fluences of 250 - 500 ergs/
mmz, however, the absolute number of sites affected is independent of the original
number present in the cell. Hence, betwesn 65 to 125 crgs/mm2 the concentration of
enzyme(s) mediating the removal of nuclease~susceptible sites becomes limiting,

At fluences of 65 and 125 crgs/mz, both curves in Fig. 5 exhibit o marked breck
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aofter approximately 70% of the nuclease-susceptible sites in the DINA have been
acted upon during post-UV incubation of the cells. The fact that we observe this
breck repeatedly suggests that it is not an artefactual effect of the in vitro assay.
Extmpol::ﬁon of the second slope to the ordinate indicates that during repoir incube-

tion _lﬂ vivo about 40% of the sites are affected ot a slower rote.

(ii) in XP cells
In sharp contrast to the groficiency exhibited by normal cells, XP cells derived
from both forms of the skin disease are able to remove only o limited number of
nuclease-susceptible sites during 30 ho:rs of post-radiation incubotion (see Fig. 6).
In XP5, for exomple, obout 65% of the sites initiully induced by 250 ergs/mm2 of
254 nm rodiation is still susceptible to atteck by the UV endonuclease from
M. M. The leve! is even higher ( ~ 85%) in the remaining XP cell lines.
in post-UV incubated normal cells, however, only 35% of the original number of

sites is attacked by the purified enzyme. The simplest interpretation of these dota

Is that XP cells possess o reduced copacity to overcome dimers in their DNA.

DISCUSSION

16, 4, 4, 26, we have found that the

In agreement with earlier investigations
UV endonuclease purified from A_A. Juteus attacks UV-irradiated DNA of specific sites
distorted by the formation of pyrimidine dimers. Hence, the enzymatic assay outlined
in Fig, 1 provides ¢ simple ond highly selective motﬁod for moniforing the Jiuppcaranc;
of dimer~contoining sites from DNA during inovbation of UV-irrodiated human cells,

The ossay olso exhibits o high degres of senditivity as It is powsible %0 detect eaily one
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dimer in native DNA having o Mn of 107 doltons.

Qur results strongly suggest that normol humon cells, but not those derived from
patients having either the classica! or the De Sanctis~Cacchione clinical form of Xero-
dermic pigmentosum, possess efficient metabolic machinery to act an pyrignidine dimers
induced in their DNA by ultraviolet mdiation. .This is inferred from the observation
that during post-UV incubation, o much larger fraction of the dimer-containing sites
in normol cells than in XP cells become insensitive to subsequent in vitro treatment
with the UV endonuclease from M. luteus. Although the in vitro assay provides no
information on the octual enzy~atic process involved, extensive complementary
studies {reviewed in referances 13, 11} leave littie doubt that nuclease-susceptible
sites disappear in vivo primarily as a consequence of excision repcir. Qur data are
consistent with those measuring the excioion and repair replication steps in the scheme
for excision repair. The time course of the disappearance of nuclease-susceptible
sites in normal AH cells reported here is strikingly similar to that of dimer excision
in olner normal human strains B, 33. Various XP strains have been shown to be defec-
rive in the excision of dimers 2, 33, 13, 19; we find that analogous XP s*rcins are
deficient in the removo! of nuclease-susceptible sites. The relative kinetics for
the disappearcnce of these sites during o S-hour period following exposure to 250 ergs/
mm2 of 254 nm radiation in XP cells in comparison with control AH cells (taken as 100%)
are: XP5~35%; XP4, XP12, XP25, XP26 ~ 15%, These roluﬁw'n volues are in agree-
ment with the relative extent of UV-induced repair replication in the some strains L 20'

At low incident UV fluences (65 ond 125 erg/mmz) to norma! cells there is o

distinct break in the curve depicting the elimination of nuclease~susceptible sites with

time of incubation (see Fig. 5). We do not know the noture of the cellulor events



responsitle for the slower process which occurs after about 70% of the dimers have been
removed by excision repair. !t may be, for example, that the remaining sites conlain
pyrimidine dimers in a stretch of DNA less accessible to excision repoir sueh thet, cl-
though the same repair enzymes are involved, the process occurs af a recuced rafe.
Altrernately, the residual process may stem from postreplication repair. Although iittle
12,31, 23, 2

is known about this DNA repair mechonism in mammalian cell systems - ,

de novo synthesis is thought to skip past a dimer resulting in a single-strand region

containing the photoproduct with o gap in the complementory strand. These gaps remcin
open for substantial times ( ~ 1 hr in mouse |ymphoma :e"sﬂ ) before being closed by
a second polymerisation process. [t is re;sonoble to expect that the intermediote single~
strand structure, like denatured UV-irradiated bacterial DINA 16, 4, constitutes an unsui-
table substrate for the UV endonuclease from M. luteus. Heace, though still present in
the DNA, the dimers are undetected by our in vitro assay. Such a possibility could well
occount for at least a fraction of the nuclease-susceptible sites which disappecr from
the DNA of UV-damaged XP cells during post-radiation incubation.

We have observed consistently that regnrdless of the strain, DNA from Uv-
is;rodiohd cells has a slightly lower sedimentation constant {corresponding to 0.2
to 0.6 breaks per 107d0"°m Mn ofter 250 ergs/mmz)thcn DNA co-extracted from un-
irradiated cells. One potential explanation for tl:\is phen&nenon is that th; observed
molecular weight diminution in the DNA contoin; ng UV photoproducts simply reflects
the instantaneous. nmbof of excision repair events between the incision and ligation steps
at the time of cell lyﬁs. The failure to detect an increcse in the number of single-strand
breaks in UV-damapd DNA extracted from incubated as éomporod ] non-incuﬁared
repoir-proficient AH colls orgues goinet this possibillty. Although the couse of the



ditference in moiecular weight between DNA's from damaged and undamaged cells has
not baen externsively studied, the phenomenon appears to be dependent upon the UV
dose administered to the cells; the righer the initial dose, the greater the difference
in molecular weioht between the twa nonulotinns of polymuclcctic -,

The precise step in excision repair monitored by the in vitro enzymatic assoy
is the one that renders the site coniaining a dimer no longer susceptible to attack by
the purified UV endoruclease. The operational step affeciing this conversion is most likely an
incision event in which ths presumed human analogue of the Micrococcus UV endonu-
clease brecks a phosphoester bond near the dimer. The normal AH strain is distinctly
more proficient at performing this step than are the XP strains investigated here. Hence,
it seems reasonable to conclude that in both classical XP and De Sanctis-Cacchione
syndrome; the functional form of the enzymatic machinery mediating strand incision
is either present at o deficient level or in a conformation that severely refords its
activity. The seme conclusion has been reached in earlier independent studies 7 33.
it should be pointed out that our data do not exclude other less direct explanations for
the basic defect in XP cells. For example, as proposed elsewhere ]9, the various steps
in excision repair appear to be co-ordinated fo the extent that the enzymes involved
in mediating these steps moy exist os one multi-enzyme complex. In such a complex,
the failure to perform o later step in excision repair may in effect block the initiarion <
of the repair process.

Evidence presented above strongly suggests thot the in vitro assay described
here follows the kinetics of initiation of dimer excision from the DNA of UV-damaged
human cells. As such, the method complements two other well-established techniques

used to quantitate dimer excision and repair replication (presumably later operational

steps in excision repair) and is therefore useful for the characterisation of XP strains

e S ,
Bmuttan o
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which may be defective beyond the incision step. In principle, the procedure may ke
employed to foilow any number of metabolic processes acting on a variety of chemica’-
ly distinct lesions; the only limitation being the subsirate specificity of the puritied

test endonuclease.
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Table 1.

Estimati on of the absolute numbar of UV endonuciease-susceptible sites disappecring

from UV-domaged DNA per norma!l human cell during ¢ hours of post-reciation

incubation,
UV dese Number of dimers % Sites Number of rites
(erg/m::nz) initially induced disoppearing disappecring
- -
x10% q) b) x 1074
65 &5 &9 45

125 125 54 71

250 250 28 70

500 500 14 70

a) Calculction based on data in reference 10. Although the actusl values may be
in error by o factor of two, our conclusion would remain the same,

b} From fig. 5.
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General protocol illustrating the use of a UV endonuclease from M, luteus to measure
the number of UV photoproducts in 3H-Iabelled human DNA damoged in vive, Although
not depicted here, 14¢.-1abelled DNA from undamaged cells was co~extrocted with
domaged DNA and thus served os an internal control to detect the number of non~
specific strand brecks occ uring during the nuclease trectment,
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Fig. 2

Sedimentation profiles in alkaline sucrose gradients of radioactive DNA co-

extrocred from SHelabelled, UV=irradiated (250 ergs/mm?) (o) and -’

4C_

labelled, unirrodiated (8) AH human cells and incubated in the absenc.e (left
ponel) or bresance (right panel) of on endonuclease from M, luteus selectively

" active on UV=irrodioted DNA, The radioaetivity patterns were reproduced from
tracings pletted by a computer, The portions of each pottern traced with a dotted
line cofmpond to those grodiem fractions excluded in the calculation of the
weight average molecular weight of the udimonhng DNA,
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Fig. 3

ﬁeiaﬁonship between frequency of single~strand incisions selectively introduced by the
purified UV endonuclecse in vitro and UV fluence incident upon the assayed human DNA
(extracted from control AH cells) in vivo, Each point on the curve was determined by
performing an experiment |ike that depicted in Fig, 1 to generote sedimentation

profiles os in Fig, 2, The extent of strand breckage by the purified enzyme was calcy=
lated for each irradiated DNA sample as described in the text, Each point is the
arithmetic mean of 3 or more independent determinations,
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Fig. 4,
Enzymatic phetoreoctivation of UV endonuclease~susceptible lesions (detected as single

strand scissions) in human DNA irradiated in vivo, The DINA of UV-exposed (1000 ergs/
mmz) AH cells was extrocted and treated with photoreactivating enzyme under visible
light (open symbols) or in the dark (closed symbols). The samples were then incubated
for 20 min with (squores) or without (circles) the UV endonuclecse from M, luteus,

Half of each somple wos removed while the remainder was incubated a further 20 min
with (squares) or without (circles) on additional aliquot of the purified endonuclease.

Finally, the products of the reactions wers anclysed by sedimentation in alkaline
sucrose, |
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Fig. 5, ’

Time course of disappearance of UV endonuclease-susceptible sites from the DNA of
normal AH cells iradiated with measured fluences of 254 nm rodiation, After specified
periods of post-UV incubation, cell scmples were assayed as depicted in Fig. 1to
determine the number of nuclease=susceptible sites remaining in the extracted DNA,
The percentages shown for the incubated samples are relative to that found for the
parallel non-incubated ones. The actual number of sites initial fy induced by sach UY
dose (i.e, those detected in the non=incubsted somples and expressed as 100%) may be
determined from Fig, 3. Eoch point is the arithmetic mean of 2 or more Independent
determinations, Incident UV dose (ofgq/mm2)= (o) 85= () 125, (o) 250,(m) 500,
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The relative time course of disoppearance of UV endonuclease~susceptible sitas from
the DNA of several XP stralns exposed to 250 orgs/rm-ro2 of 254 nm rodiation, For
comparision, corresponding dato for normal AN cells, tcken from Fig, 5, are re-
plotted here, Data were genercted os in Fig. 5, Each point is the arithmetlc mean

of 2 independent determinations. (D ), XP4; (4 ), XP5; (s), XP12; (M ),XP25;
(4 ), XP26; (o), AH,



