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Tritium labelledmammaliancellswith defectiverepairof UV-induceddamagehavebeenidentifiedby usinga MWPC
asa positionsensitiveradioactivitydetector.Theresolvingpower(~1.5mm FWHM), sensitivity(~10

1Bq/cm2),efficien-
cy (~10%)anduniformity (~4%)of thedetectionsystemareshownand“electronicautoradiograins”of normal
andmutantculturesarepresented;cells,rescuedafter theradioactivitymeasurement,retaintheir cloning ability.

Thepreservationof structuralintegrityof genetic theacquisitiontimefrom theseveralweeksnecessary
materialis a necessaryrequirementfor its function, for conventionalautoradiographyto a few hours.To
Fundamentalimportanceis thereforeattachedto those furtherreducetherunningtime of theexperiment
biological processeswhich are neededfor therepair — criticalfor thecell survival in a hostileenvironment
of damageinducedon DNA by physicalor chemical -~ andtoimprove thesensitivity andresolvingpower
agents.Forthis reason,a numberof investigatorshave of themethod,wehaveexploredthepossibilityof
attemptedthe isolationof repair — deficientmutants using3H-thymidine asthe labelling agent.Thiscorn-
from in vitro culturesofhumanor othermammalian poundcanbe easilyobtainedwith specificactivity
cells [1—4].In previouspapers[5,61,weproposeda 1000timeshigher than 14C-thymidine.
newmethodfor the isolationof DNA repair-deficient However,thevery low energy(Em~= 18 key)
mutantsandweshowedthat “electronicautoradio- of the 3H 13-rays,which correspondto amaximum
grams”of living, repairingcellscanbe succesfullyob- rangeof 0.59 mg/cm2(~4.zm in mylar or ~3 mmin
tamed.Themethodrelies on the differential incorpora- argon STP),requirespractically no absorbingmaterial
tion of radioactiveprecursorof DNA biosynthesisin betweenthe samplesandthe activevolumeof the de-
mammaliancellsdamagedby UV-irradiationandon a tector.This requirementhasbeensatisfiedby re-
speciallydesignedMultiwire ProportionalChamber placingthe mylarwindow of theMWPC with aneasily
(MWPC) that actsas~positionsensitiveradioactivity removabletopframe.In thisway thesamplescanbe
detector.Using 14C-thymidine(Em~of the 14C/3-rays easily placedinsideandremovedfrom thedetector.On
= 156 keV) asthe labelling agentwe initially obtained the otherhand,theveryshort rangeof the 3H /3-rays
aresolvingpowerof 4—5mm (FWHM)anda sensitivity improvestheresolvingpowerof the systemto ~1 .5
<3 Bq/cm2. With thesefiguresit is possibleto reduce mm(FWHM) andthe reducedspread-outof a point-

like sourceat the detectionplaneincreasesthe sensi-
* This work hasbeenpartially supportedby P.F.“Controllo tivity (S 10—1 Bq/cm2).Theoverall 3H detection

dellaCrescitaNeoplastica”of CNR. efficiencyhasbeenmeasuredtobe~l0% andthe
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uniformity of responseto a two-dimensionalactivity In the first experimentcoloniesof thehumanestab-
distributionhasbeencheckedby movinga 3H disk lishedceli line HeLaweregrown on glassslides,UV-
sourceof 5 cm2 areaat aboutforty differentpositions irradiated,andlabelledwith 3H-thymidinein the
insidethe chamber.Thestandarddeviationof the presenceof hydroxyurea.SinceDNA replicationis al.
count distributionis 4%whenthedataareintegrated mostcompletelyblockedby theinhibitor, theradioac-
overa 5 mm2area. tive precursorwill mainlybeutilized by the cellsen-

A dataacquisitionandprocessingsystemwith both gagedin the repair of DNA sequencesdamagedby the
analoganddigital capabilityhasbeenimplemented. UV-treatment(seerefs. [5,7]). Slidescontainingboth
Theanalogbranchis convenientlyusedfor trouble irradiatedandunirradiatedclonesweresimultaneously
shootingaswell asfor controlandimmediatefeedback analyzedby theMWPC. Theamountof radioactivity
on theexperiment,whilst thedigital oneis usedfor takenup by unirradiatedcolonies(with undamaged
off-line datareductionandanalysis. DNA) shouldbe similar to that incorporatedby mu-

In orderto testthe ability of theMWPC to discri- tantcolonies(unableto repairtheUV-inducedDNA
minatebetweenmutantandnormalcolonies,three damage).As shownin fig. 1 the mutantmimicking,
reconstructionexperimentswereperformed. unirradiatedcolonies,arewell discriminatedfrom

theirradiated(repairing)colonies.By meansof asimple
off-line analysis,it is alsopossibleto improve the S/N

-, I andto quantitativelyassessthemeancountdensity
for bothirradiatedandnon-irradiatedcells.The overall• J~.not damaged acquisitiontimeis only afew minutes(~15), including

.~..— C tones thetimespentto restoretheworking conditionsafter
: • openingthe MWPC. After theradioactivitymeasure-

• ment,the HeLacellshavebeenrescuedfromthedetec-
______________ tor andfurthercultured;theyhaveshownretention

1cm of their cloningability.
In a secondexperimentweusedcellsofuvs-20,a

a~ UV-sensitivemutantisolatedfrom the EUE human
cell line. The ability of uvs-20to performDNA repair

I synthesisis about55% of the parental cell line [81.

Fig. 1. (a) A patternof severalclonesof 3H-labelledcells.(b)
Thereconstructedmapof the cellpattern:(1) originalimage,
(2) thesameof (1) afterbackgroundsubtraction,(3) thecon- Fig. 2. MWPC imageofuvs-20andEUE cell monolayersshow-
toursof theclonesat 30%threshold,(4) thecontoursof the ing: (1) theoriginalimage,(2) smoothing+backgroundsub-
notdamagedclones, traction,(3) thecontoursof monolayerswith a10%threshold.
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Cellularmonolayersof bothEUE anduvs-20were UV- glassslides,irradiated,andlabelled.Theresult of the
irradiated,labelledandanalyzedwith theMWPC to- analogprocessingof thesecellsis shownin fig. 3. As
getherwith threeunirradiatedlayersthatconstitutea onecansee,the XPcells,completelyunableto repair
commonbackgroundreference(fig. 2).Theratio of the their damagedDNA give out no detectablesignal,
meancountdensitybetweenuvs-20andEUE cells whilst the NF cells areclearly imaged.
hasbeenmeasuredto be~0.5. From theseexperimentswecanconcludethatthe

Finally, the ability of theMWPC to discriminate MWPC allowsto discriminateandto preciselylocate
xerodermapigmentosumcells, awell knownhuman cell typeshavingor lackingthe ability to repairDNA
cell typewith a severelyimpairedexcisionrepair[9], damage.
from normalhumancellswas tested.Humandiploid It shouldthenbe possibleto isolate repair-deficient
fibroblastsandXP fibroblastsweregrown on separate mutantsfrom culturedhumancellsby simply screening

for lackof 3H-incorporationin hydroxyurea-blocked,<> UV-irradiatedcolonies.
Althougha very specificuseof theMWPC hasbeen

X P N F describedhere,manyotherapplicationscanbe envisag-<> edwhenevervariationsin theability ofcell clonesor
NF othercell aggregationsto incorporateor attractradio-

X ~ activeprecursorhaveto be studied.TheMWPC, a
deviceinitially developedforhigh energyphysicsex-
perimentscanthenbe a veryusefultool in radiation

a) biophysicstoo.
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Fig. 3. (a)A patternof cellularmonolayersof XPandnormal [9] C.F.ArlettandA.R. Lehmann,Ann.Rev.Genet.12
humanfibroblasts(NF)(b) Analogprocessedimageof the (1978)95.
patternshownin (a).
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