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l ntroduction 

'J'he P.XCISIOn-repair m o del for the recon~;truction of damaged DNA 
in vivo was proposed by SEn,ow & CAR'IHER (1964) and hy BOYC:E & HowAKD

FrJANDERS (L 964) fo llowing their demonstration of the preferenti al r~lease 
of thymine dimers fi·om the DNA of ultraviolet irradiated hacteria. T he 
multistep rf'pair process was presumcd to lwgin with the t•nr.ymatic rN·ogni
tion of the da m age in the DNA and the production of a single-strancl break 
in the damaged strand ncar the defective region. The exeision of the damage 
was postulated to occur by means of an exonuclease which removed the cle
fective nucleotides, thus exposing a single-s tranded region of the intact 
eorn plernentary s trand. The rcpair DNA polymerase would then lìll in this 
regìon with undamaged nucleotides usi ng the complementary s trand as 
template. F inally, a gap-elosing enzyme would rejoin the repaired St'.gment 
to the contiguous parental s trand. This scheme has come to be known collo
t}uially as tbe << cut and patch >> moclel. An alternative sequence has heen 
proposed, known as t he (( patch and eut n rnodcl, in which thc cxcision stcp 
(or pcrhaps the peelìng back of the damagecl strand) occurs concurrently 
with repair replication. This modd has the attractivc featur<· that no labile 
single-stranded region ie left exposed at any time in the cc.urse of repair. 
In hoth modcls the fìnal step must bt~ tbc rcjoining of the repaired ~wgment 

lo the parental DNA. 

KAl'LAN, K USRNER & GROSSl\fAN (1969) have purified an d characterized 
l'rom 1\f. luteus an cndonuclcase that is specific for ultraviolct irradiated 
DNA and an f'Xonuclease which operates upo n double-stranded DNA that 
has been hoth irradiated and then treatcd with the ~·n~lonuclease. Only a 
limited amount of degraaation occurs and it n1ight. he supposed that in M. 
luteus the excisinn step nnrmally prccedes repaìr replication. On thc oth(·r 
hand thc r<·cent characterization of the DNA polymerase from E. coli 
(KELLY et al., l969) ~trongly implicates this enzyme in a rf' pair scheme nf 
the << pat.ch and cut >> t ype. Tbc E. coli DNA polymt'rase has heen s hown to 
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pu;.;.<:"" a<> --> :1 I' '<OIIIIC'ka:-w :~<· ti\ 11 ~· that H fWeifirall~ fa ci h ta t t•,. ll11· n •lo•a,., 

o f t l•y mint· dimn,.. (or lllis n tatdwtl f,a;.;o· Sf'tpH'llt't 'H) f ront D "\ \ a ;-. oligonu · 

clt•otidt·" · Tlw -.. 1 h i~ t• n z~ 1111' c a n a p pa rt'llll ) prrfè, ru t lmth tlll' rq•ai1· rt' t" •· 
t•atwn l' l l'J' and tlw Ctl ll f'li J'I'I'Il l fH 'I'IiH !f 0\\ ll~ and t'\l'lllua l t' '- f'i~inll u f t h 1 

tla m agt•d t-1 ra11d. 'l' l w prt'>'t' ll('t' n f a hig h Il'\ P l of rt•fa tl ' t· l ~ nou~Jit't'i f ll' JHI · 

f'lt·aH· a f' ti,i t~ in 1• .. roft t'xtrath ha,. thu!- far p r tT iu tkd t lu· isulatwu o l a n 

or ti,-il\· appropnat1· t o t lw n·<·og nit io u -iut·i;-. iu n l'll Z\ ""' in thi ,.. "' " '' ' ' "· 

1'ht• poi~ 11\lt·h•otidt· liga .... • i.- t llt· logil•a l ca n d id a t i' for tlw liua l n·jn i11iu g ~< lt' J' 

i n n •pair an d . in l'a!'! . an ult r·a , iolt'l :-t'lltit i\ t' mu tanl o l' E. ('Oli ha ... h t•f•fl 

~<h l l\111 h ) P At l.l''d. li!.. llo\ l\1~1 ( ll)hll) tu lw tl t'!H· It 'lll iu t h i,.. ••nz~ '" '· Thu•. 

t l11 .. .-.ci;.;iou-n ·p a ll· prtH'I' ~" in ] ;. cn /1 f' Ou ld t'HIIt't'i\ al. h lw a tlin·1· 1- l t'l' 

IIJ lt' ra tion in \ oh in ;.: n~ f•·w a'- l h n •t• t ' ll 7 ~ Ili t· ~ : (l) \ tl.tu ta!!;t'·:'fll' t' ÌfH· r ntlunn

c·lt•;t:-t' , ~·· t t o lw i;.ulatt·tl f ro 111 ' ' '-l r< l t' l ~. (:!) Tl w J) \ \ pol~ lll t'l'il '-1'. "hit•l• 

al"o p erform ;. t lw <· ,ci;-.iou " ''' l' a ud {:~) t lll' pt~l~ nllt'lo ·ot id•· li l!a :-- t• tu ll ' l'll tt · 

11 at •· tlw rcpair s t·qu<·Hce hy j• •ini ng t lw rc·pla e<·d "l'f.( IIH'III of lllld t>otido·;. l o 

tlll' eontigutJUI' p an·nta l s traud. 

"\\ t> h <n P lwt·n int f'rcs ll·d iu t h •· n H'O!;Urt ' JJ it' ll l of n ·pair re pl~t·a t ion iu 

"' ,.; ,.o syst elll l'> a' \n·ll a" in tht· molt•rular d r t aiJ uf thl' proce~>,... T llt' h r,..t 

din·rt demon >- trat ion of rc•puir n ·pli (·atiuH of D;\ ·\ in u lt ra\ioll' t irradia tt•tl 

l•a<· tcria (P ETTJ.IOH'\ & H ANA\\ J\I .T, 19(13: 196·1·) ultili ;~,e tl t l•f' H<lllll ' 1'1':-<t·nti a l 

pru<·t·durt' t hat hatl lu·•·n m;c·d J,r .1\h :sELSO ì'< & S'l'A ll i . (193B) fur l" 'o' in !!. 

t l11· norm a! ~~ · utit·ou ... t•n a t ivt· m odo· o f DNA replit'a l ion. Tht· n·pair rnod t• o f 

J) -\ rl'plit•atHIII mi~h t lw lt•rnwtl " nOJl<'Oll:-<t•naiÌ \1' •· !' in rP then· Ì;. no rwt 

nwrcu•e in t h t· a m oun l of 1J \ ln rl rath e r a rt' liHI \ al a u tl r t>plact' llll' lll nt' 
parcntal ma teria l. Of c·o tir,..t' t ht· rc·pair nwdt· i:-- al ... u l't'Uticon,..•· n ati',. 111 

t lw sc·n:-o• th a l tlw pan·utal !'in gl t·· Rt rand rq .:iuu oppo~it e tlw tlatllago·d 

r1·gion j , ron;.ent·d . Tlw rPp air n·pl ir·a t inu rnotlt• ha ~ IHI\1 ht•(•u o h l-1'1'\t'd iu :1 

'ari Pty of t' t• llt y p l'" frou1 the !' Ì ntpl t· ~ t li v ing celll' . t li(' III )'<'O jlla s m as. to r om

p ln .. c u ca ryo t ic· oq!ani~m::. and t'\'1' 11 mammalian t: l ' ll ~». H e p air n •pl iC' rl tÌn ll 

ha,.. al so heru tlt·mon;.tra t('c) iu l ' PII ;:. oftt•r a '<lrit'l ~ of difrl' rl'nl t rt·a t m r n t -. 

tha t rl's u lt in ~lrue t u ra l dama gt· to ]) A. A l<"' lt•q•l nf rrpair rep lira t ion 

or " tltrDO\l'f " il- 1' \1'11 H't'll i n t iH· D 'Il A of h ae t<·rial t•t•ll ,; tha t a n· ~ro~1in g 

twnna ll.\. 1t is Hl')' li l-.('ly tlwt rqw ir rcplica tion of DNA h a i' an Ìlllf'M lant 

gt'ltl'ral !o ig HifìcHnc•· in t h l' maiHt l' llanr•· o f gen eti c· s taiJili ty in all ty p <'~'> n f 

eclls a n d i t m a) , in fal'l. acco u nt fur t Ili' uhi<J UÌl) of cloul .lo·-s t ra rHit-d J) 1\ in 

]j, ing 5Y5ll' ll l". 

T/w ml'lhod Jor dl•monslrating ri'JWÌr ro•plimtion . 

Tlw eomhin1·cl la l~t• ling of n• pli , · atin~ Dl\A witlt a deuf'ity lahd an.d a 

ra tlioac tiYe lalwl is utilizf'd to m••as tHI' rcpair r<'plica tion. in ·vi1'0 (c.f . li ANA

" o\ LT Pl al., J I)(,Q). A 't' ry shurt l'l 'l'iutl o f clf'n l:' Ìt) -la lw lin g rc•su lt s in t Ili' pro-
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duction of u hy brid 11 DNA fragments in the course of norrnal semi-ronser
vativc mode of replication. (H ybrid D A contains oue s trand of parcntal 
DNA and a complementary strand of newly-repticated daughter DNA) . 
Thesc << hybrid >> DNA fragmcnts can be scparatcd physically from the unre
plicatrd parenta l D~A in a ccsium chloridc cquilibrium tlcns ity gradif'nt in 
the ultracentrifuge on the basis of thrir diffe rr nt bouyant densities. [t is 
important to realize that in the norma! procedurcs for isolating DNA from 
cells t hc chromosomal DNA is fragm(•uted into rnany smaJicr pieces of mo
lt'culur weights fro m lO to 30 million and that in such a mixture t h1•rr will 
be those fragmcnts that ha ve not replicated as wt•U as those that have r(' pli
cated during thc lahclii1g pcrioù. In rcpair rt'plication it is preùicted that 
thc nf'wly-synthrsized regions of DNA will b e vcry short n~ lative to thc size 
of tbc fragments of D NA that ar e being recovercù from the cesiurn chloride 
gradirnts. In fac t , tl1ese fragm ents may contain too liLtlc r.lensity labcl to 
apprcciably shi ft the demity from that of tbc norma! umeplicatcd pan·ntal 
DNA. The use of a density Jabel such as 5-bromouracil (an analogur of thy
m int•) and a radioactivc ]abel permit~ t he det«.>rmination of thc incorptJra tion 
of t his label into sma ll regions of tlw parental O A and this is the aosay for 
repair rPplication. In the course of norma! replication the iocorporation of 
:)-bromouracil has the f' fff•c t of inercasing thl' houyant dl'nsity of the E. coli 
Di'lA in cesium l'hloride fro m 1.71 ml to 1.75 rnl in the hybrid band. The 
nonconservative rcpair mode of rt!plication w us first ohsrrved in F.. coli 
s train T AUbar fo llowin g ultraviolet irraùiation. l t was shown that ttu• in
corporated 5-bromouracil label was in parental strands rather than in com
pleml'ntary daughter strands (P ETTIJORN & HANAWALT, 1964). Physical 
s tudies on the isolated DNA verifìcd that tbc label was present ,,.ithin pa
rl'ntul DNA and could not be separated from it by melting. Also sonic frag
ml'n tation of the DNA did not resolve 5-brornouracil containing fragmcnts 
from the unlahf'Ìf'd parental strands. Thus, the Jahel mus t have bcen in very 
shor t scgmcnts within t he parental DNA. 

\ number of contro! cxperimcnts confirrncd tbe interpretation that the 
observl'd phenomcnon was the repair mode of rl'plication. The thy mine 
requirin g E. coli s train B".1 that has hecn shown not to cxcisl' t hyminf' d imers 
.frorn its D NA was shown no t to perform repair t l!plication aftcr UV irradia
tion (HANAWALT & PETTlJOllN, 1965). fn strain TAUbar it wae shown that 
rrduced r f'pair rcplication was seen if the cells wl're illuminated with v isible 
light lo facilitate photoreact ivation prior to t he addition of the den si ty !abel 
(PETTTJOHN & HANAWALT, L964). This rcsult was as cxpectcd since plto to
reac tivation is known to spii t pyrimidine dimers in situ , so that the excision
repair process ncl'<l not fun ction . I t was shown that the D~A fragments 
that had incorporated 5-hromouracil hy t he nonconservati"e mode nf r(·pli
cation were s uhsl'quently ca pable of n•JJiicatin~ by tbc norma! Sf' m i-consl'r-

.11111. 1•1. S!IJ>U. Su1t1ltt ((969) 5 , :llt ·;H <. 
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\H t Ì\1• tllttd t• of fi'J'lÌI'atÌttll (JI \\,\\\\1 l. Jll(t';'). :--1'\1' 1'<11 lt'lll(ìt'I'HIIIrt'·i'Wlf-.1· 

l t\ • ))\ \ rt'J•lit·ation-d•·lit·Ì••III IHtct<·rial lltlltanl~ '"'~'" :-lun111 tu lw ai.J,. t" 

l'•·tl'otlll 1111' n·('air r•·ttli,·ati••u n tod, al tltt• r• .-trÌ•' II\t t•·tufwrutun· (C.tltl.ll 

t'i. 11•\ì\ .\\\ \1.1. l 11(o7). Thu~. tl11 '"" tflll.f, , nf n ·plwatio11 ,. ,,.,,,.!~do Jlft l l'In 

l'l"' t Ili' Ìdc•fllfl·,d I ' IIZ~ 1111 :-y:-lt'llll-. '('ft , UIIIIHIIlt of oJt~l'f\ 1•d rt •paÌt n ·plH•a

IÌoll in tlw!'1 llllllallh :Ili• t a 1-!i"·n d .. ,,. uf [ \ ''""' "'""''" to l11 ~imtlar al 

tlu· twruwl aud t lw n·~ t rft·t 1\ •· f(f'lm t l1 t••lll f't'ra lun·~ . t\uot lwr iudtn·<·l ttHh

c·atinu tltat tlw uorm al and n•patr rqolit·atinn :-y:-. lt'lll:-. 11,;t· difl Prt·nt pnh 

lllt' f'a;l'o.,wa;o.t llt' clt•fltOil :-.l ratlctll ula :-. ltikm~l~ tlifl'no·nt M'll't'II\ÌI~ fàt tlt~nlll tt 

tl\c-r :i -l.rumnunwil ( \dll'll a .J,·ftft••d ratu> of tlu· lta:-.1' atHI it-. analo~u· · ''"' 

jiTit\ idt•d Ìtl tlw rrwdtttll t) iu tl11· n·pair tllodt· a-. t•f•lllflHrt•d lo tlw llnrtualllttttl. 

ul n·pli(•a tioll (11.\CI\.FTI & H\'' '' \J,l. 11lhh: "-''"'"'"l'\ H .\'\'AWAL"J. Jl)IJH). 

J>o,..:-i ltlt• arttfat't'- n·:oultin!! fron t th• · kiiH\\11 patltll!!l'ttÌeit~ uf ;;-hrnntutl

rat·il l'alt l w •·lilltinaterl l·~ tlt• · n:-•· o l o t lwr dt·n~il , . luh,·l ,-. Titu;.. ,.,.,,. 1r ,., ._ 

plit·atinn ha~ lwt 11 ~ho\111 Il\ ""ing \'" and ))2{) n;. dt•n;.Ìt\ I.JI~t•f, ( lh' ·'''AI 1 

t'l u/ .. l%'!) ur 1,~ u•ÌII !! ( .'3 :111d l\ 1" ( B IJ,J. I·' ,., al.. l 'Il• 7 : B11 ,1 1 '. l 11(•11). 

Th• q~tantitatl\t ' n · ~ult u;,Ìn~ th• C' -\ ' dt·thit~ lalwhnl! "''"t''"' ( BII I, F'\. 

19ft!!) !t a~ t·orr• late 1 "1·1l "itl1 tlt:.l .. J,taiJwd u,iug .)-ltr<'lllllll ra1·il a-. tlt·n!<Ì t' 

lalwl (Cotcn & 11\ '\\\\AI.'I. 1%';'). 

H ''fUI i rrthh• dlllllfiJ!''. 

\lthttu~lt n·pa11 n·plicat,jon \\a-. fir:-1 il••ffJOthlt'al t· cl fulln\\ÌI'g l •\ irmdi:t 

IÌoll o l b:wll'rial celi~ il ha ... c:; jll l't' '"'''" -ho\11L thal a \arÌ<'I~ .. r a;!:''"'" "htt·h 
prHrlut't' ., l rul'lural danwg•· in D!\-\ t•a n 1, ati t n tlw l't'l'""" r•· f•IH a t 11111 "'""' ' 

il/ t' il'll. 'l'hu ..;, tlll' hiftllli'IÌonul alk~ln11n g a~··n t , ntllttgt•n tnu-.tartl. "!.it·lt 

priuwrih att;wk;. tllt' i-nittrl~t·n pn-. ittull nf !!II.HlÌIIt n •,uJt, Ìll rt'pair r•' foli 

•~ atton (H \1\o\\\i\1.1 ('\ IlA' ;\f. .... ltlh.)) . Tl11 pttll•·rful nllttagt·n. nilro;.tt~u a

Uidint· ba._ al'" fwt'll !-hll\\ Il tu stÌIIIII I:t lt• J'l'f'liÌr rt•pli<·atÌ~tll (CEHil·\-OI.~IEilll 

& Jl -\'\ \W\L1. l<H•7). Tl~t · allt'llllll tn dl'ti'C't ro·pair n·plit·atittn ait<'r \ - t<t~ 

trt·atlllf'll t of' IJat•ll•ria ha~ lr ·d l o tunlti;;uuus rf'~lllt ~ and tllt' dillt<•tdt~ t~ p r"

lrahly l ha i tlll' t'"-l•·nsi\ ,. dt·gnulatiou nf Dì\' A follo\\ i11g \-ra~ tlamagt· nh

~<'111'(';. tlw rl'pair n ·l'lit'ati"ll 111"d' h~ t'ontrilmtifll! par•·ntal lalwl to tlw pn·

t•ur:-or !''"""· E' idt•tH'I' h a-. l~t• r 11 p rc·- .. ntt ·d l hai ntitPIII~ !'ÌII-C (t·. f'. I lo\\ .\1111-

FL.\~UI· R:-. IIJ6H) anrl nw t lJ~· luwthau.·;.lf[fount• · (STR-\l·~;,. ]tlbH) l<'ad '" 1111' 

t•xci;.ion-rt•lt:tir '"""'' in ltal'l••ria. 

l t is likt · l ~ t ha t tlw rt•t'n~ni\f.t•tl d··f,•t•l tllll;.l 111' ~OJIH' f.\'' twral tli,.,tort iou 

or lhl' 0 '\JA lra('khon l' rath~·r thall >JICI·ilit.: ,, .. ,.,. d~IIIIUI!t'· Hq.!Ìflll~ .. r partwl 

ol t> fi HIII r a t io n or lltl~f':llllll l! of lo a~•· ·· 111;1~ lw ade<Juat•· tu initiat•· tllt' TI'Jl:IÌr 

Sl'<flll'fll't'. 

Particula rh rurw11:- 1\a:- o11t fi11d ing (I'nu;-.c & HA:'>..\\\AI,T. 191t:i) 

tltat E. coli ,.trai11 'l'\ l bar undngnt" tlw n·pait· n·plit·atÌ••n llllltfl' f'olltl\\ in~ 

. ,,.,, f,..f. ·""l''· :-.;,,,;t, <IHit:t) 5. :n t :u i. 
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a period of l hymine starvation. It was not cvident tbat th yminc s tarvation 
s hould lead to any st ru cl ura l alteration in t he D NA, but a clue lo t he me
cbanis rn of this phenom.-non was seen in t he fact that the .-fft•cts of thy mine 
d~pri va tion are only manifest ed undcr conditions in which HNA synth<·~ is 

was permitted ( HANAWALT, 1963). It was sugg<•sted tha t pcrhaps r('pairahle 
breaks are introdttced into the DNA in t he course of the normal proc.-ss of 
transcription and that thcse hreaks are norma1ly rf'pair.-d by t ltc repair 
r,·plication rnachinery. Undrr condit ions of thy mine starv ation lhe brr uks 
a re s tili produced Lut not repain·d and perhaps thPy are then r nlurged so 
1 ha t upon suhsequf'nt reaùdition of thy minc a more f•xtensiv.- repair rcgicm 
is observed . A mutant hac terium defìcient in thf• pnly nudrotide ligase hus 
ln:en Hhown lo b e unus ua lly sensitive to tbf' process of t hy ntinPie!'s dPath 
wht'n lhy mine is withhdd , as consist enl with tlte inv olvt'm <~nt of ••xci t: ion
n·pair in t his ph!'nomenon ( P AULI ·c & HA'iM, 1Q68) . 

T l!ì• gcnerality of repair rl'plicatiot~ and details of the procPss. 

~lost of our uuderstunùing of the excisiou-repair process is derh {·d 
from Ntudies on hacterial systems where mulants df' fici.-nt in the Yarious 
steps in repair are ava ilahle. 'l'h e dt' nsity-'labelin g mcthod of P ET'fiJOII N 

& HA~AWALT (1961·) has heen used to proYide e' idence fn r t he t•xcisiou
repair mod e in a numbcr of other biologica1 systcms. S:\<U T H & IIANAWA L'r 

(1969) have shown that tbc s implf•st liviug cf•lls, the mycoplasmas, perform 
r •pair n' plication foliowing UV irradiation. J\ UV dose cf 85 t•rgsJmm, 
(70 % survi val of colony-forming units) indttced a lint>ar rate of rt>pair rcpli
cation that proceeded to apparent saturation after about half a generalio n 
pl'riod. T bc amonnt of rrpair corresponded lo a 1.2 % rrplacement of the 
rhromosomc and this pe rtUitted a rough estimati' of 150 tn 600 nucleotiflt·s 
per rcpaired rcgion . ( A.ssuming that 85 ergs/ mm2 should prorluce L thy mine 
dim1•r per 3 .7 X 106 daltons DNA). 'fhis wou ld SC•' m to lw a surprisingly 
large amount of repair hu t not at. surprising a<; the (•stimat t> of 5000 nucleo
tides replac(:d per dimer in tbc protozoan T~>trahymma pyrif ormis (Bnu K 

& H A AWA.LT , 1967 ; 1969). In tbe lattcr case the r.-pair label f•xhihitt•d a 
;~ignifì ennt shift townrd grrater dt•ns ity from t ha t of tlw parenta l DNA strands 
t1tat cnntain<>cl no .5-bro!llouracil. lt was e,rjd t'nt tha t only a Rrnall f"raction 
of t hc pare n t al DN A fragmcnts <'ontained appreciable amounts of r l'pair 
labd and that t hose thal wl.'re labeled conta ined a sufficicnt amount of 3-
hromouracil to dctcctably incrf'US<' the dens ity of t ho " strands. l t is •tui tr 
c·nnceivablc lhat what has be<'n rf' portcù a s r1•pa ir rcplicution actually in
c·ludes lhe contr ihu t ion fro nt at le•ast two phenomena. \ part of it is undouiJ
tN1ly t hc fcsu lt of Pxcision-rPpuir, bul l his may he grnera lly in rq~ious co n
"'idrraLiy shortrr t han ou r <· urrent ••s tim at•·s . A few of thc repair regions muy 

t;w . ! .'l.l. SU JU'r. Suudt( t lVHfH 5. :~tl<Ui. 
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hf' murh ltww·r tlaau tho· avl·ra:,:o· au1l tlu· .. ,· IIHI~ ,,~i:d•t tlu t'»llluul•· Il• 1!11 

hi:rh ::-idr· aud nh., gl\1' llw result tl.a1 nnl ali of tlu· p~:~rental s traud!> t•ontaiu 

appro·riablo· auJfllllll!' of 1abl'l. Au iudplf•rlllinunl anli)UDI of luiH·I 1111n ha\c 

}tf'eu inc:OI'Jfl•raH·ol Hl-l a rr·suh oi a ro·eo•uilinHI iouul rnndr· of rq•uir tll!ll al .... 

iuvuh-c1-1 a n'JHIÌr ro·pl iC'alÌ(m ~>lf'J' t11 rotuplc·l•• tlte uniuu o/ dii' rc•eoruhinint: 

fra~nwul~oo of Di\;\. S tuoie·" on n•pair rt·pilt'atiou und :rcco~nluuatwn ÌH llw 

TJ. pLa{!l' sy,.t••tn (arul 111 mutanlt- dt•hcient iu fiJJt· ur thf' otut'r flf tlll':-t• pro
ccso;•·~) ma~ pr•"·idt· a mode l fo.r Jh.tin~uh.J.inl! llt·L\H' t'D tlw t" o plu·u••m• u,t 
(SoLI. l\ IlA'\ \\\AI.1. in pn~pa.ratiun). 

TLo· mu-.t l'xc·iùn~ applicatim• uf tiH· 5-ltr•mwuraciJ Lalwlm~ nwrlwd 

{;lr mcal'lurÌII j.t l'l')'<l t r, wa-. Llw Tt>Cf'Hl clt•m•mslratwJt lo) CLEA\J:;Jt (J(}bl!) thal 

llUTJlHt) hUIIIUII bh ÌJJ tilnoh JaS l!- Wf'l'f' CU J'llh Jt• Il f' n •pair l'('jtJÌcll l ÌIIJI af l(• r ( ,, 
trt·atmt•nt. 'l t'l fil•roMaF~t!l frvm patjt~nl,., '''ili. tlw ran· l.u•r,.ditan !>l..iu di

St'a!'f' ÀProdt'fmo pif{mtwlosum t>xhihiL<'d mncll rr•clu ct>d len• l ~> of rt·pnir Tl'

plicatiun. ) 1 wn,.. c·nu<:ludNI that thf' fnilun· uf DNA rf'pai r mll '-1 tolll llll' llll\\ 

lw n·hlll'd lto tlw fatal sh.in cancf'r ... thal tl~t·~·· putienb f!t'llt'rall~ d•·" ' '"l' 
upou rxpt~&un· Ltl ~<llnlight. Tltis i!' thr fusi ~>:-..pt•rirrwntal ,., idt·ucc· fnr 1lu 
pnssihl<' &Ì~11ifìrnnn· of tht> exci!>ioo-ro>('air prot•f'!-!' in thr prlll(•(•tinu from ttr 

rerov er) f rtom u carcinogrnir Lransfurmation iu human ecU:.. Hl·p air r••plr
cat io n h ne al1>n ltf'Pn suo w n in other mamm alian c:ciJ IYJ'f'!-. iu ruJtu r•· (P Al-.. 

TEH & Ct, PA\ Eli . JWt9). 
1'hc· At·rwrul ourlùte of tht· t'X(:Ì!ìÌIHt-rropnir modi' iu a YarÌPI) uf c·t·ll 

type:- is JWw apputt·nt. Th·· more dilJicult task. nf elucinaùng tlll' tfo ,tails nf 
t llf' proci~S!-1 n •mnint-. Tl~t• density lalwl.inj.! •~pprouc lr can be usC'd 111 f'i ll~~r·~-ol 
tl:te prr·serl!'t' uf f').I"Ìsiuu-repair Lut tbt•n· urt· M·rinus limitaLium; in tlw quuu

Lilat.ÌH' Jctcrnrinntinu of r .. pair h) thi" apr•roal'h. Corr1•nt s ludit·!- in nur lu
borator) arP rombiniul! tlw d•·usit~ lalwliug upproac:h with n l'lrrurualu

graphic anal)~oi.., of tlw cumpusition of thc· • r rpair<'tl u rr~n11, of UI\A tu 
muri' ac<"urolcl~ a~sf'~S tlu• rontrihutiuo ~ of intracellular pouh. LO Lhc nwa!'u

remenL of rcpair nud to dcterminE> tiH' ITI('An lt'llJ!Ih of tJw r••pairt•ll rP~Ìnll '-'. 

This work '"'' ~upported IJ) a contrari "itlt rlu· [1.5. Alomje .\uf'rl!-' (AIIlHIIÌ••Ìou , a 
~ront fronJ t be Jn~ ti1nl"r of Generai Medicai Srieue.t>• uf tho• T .S. Pu.hlir Ht'altli Scrvkl'. nllfl 

tut eqnipiUCut p:ru111 front ùu· Natiouol Scien<'•' Fouudutinn. Our ~lndit>;;; 011 repair rl'plirurinu 

hnve hecn o r.olluln>rurive cfl'orl wiù1 gradnatr ~ludrutl' Llavid Petlijob1t. Clilfflrd Urunk. 
Dongla~ Smitlo, nud John Cnnl'b; ond poetdoetttrul os~ociutt> (rellio Puulinj! ond Lei' 1\.ulllll:r. 
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