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On the two mechanisms of repair of ultraviolet-damaged 
DNA in vertebrate cells (*) 

J . D. llEG -\ \ 

IJiolngy Dìt•Ì$ÌQn, 011k Uidge Natiorwl Laboratory, Ouk Hidge. 'T'rnrrcsSf'r li.S, I. 

\Vhile p~ r irnidint> tlimers ean apparently h l' inùucl'd in thc DNA of 

any typ e of 'ert1·hratt· ct' IL in culture hy ultra' ioll'l rndi.1t.ion, thc tnPcha

nism o f repair of the dimer is hi l-( ~dy eonti ng,·nt upo n thc typt• of v<•rtl'hratr 

ct•ll in Yokrd anù u pon lhe pu,-t- irradiation cu ndi tions. 

T'hotnrea.t·ti t•at i o n. 

Wl" ha' l' t>xaminNI a number of l'stalJii ,;lw d ccii lin,•s an d pr1mar y 

tissul's r ep rt'!'H'ntativc nf all the classes of ver tchratt>s for b iologica! ,., idcnct• 

o f photoreact ivation anù for thc pres t•ttce of photnrPaetivating l'mr.y m e. 

Tlw assa ys wp ha ve ••mployed for thc prrsen ct' uf p hoton·acti ' a t. io n a re· 

thr follo,~in g (HEGAN & CooK, 1967): 

l. Pho tort'activation of growth. 

Photoreacli,·a tion of D A synthesis. 

3. Photnreacti vat ion of UV irradiatl!cl HaP.nwphilus it~flnenzae 

transforming DNA b y a crud1• •·xtract of t.he cr Us in qu<·s tion . 

L Monnnw ri1.ation o f UV-induced p yrimidinf' dimers m F.. coli 
D NA IJy a crude extract of the cells in questiotl. 

5. h l t'Ìvo monomeri1.ation uf L'V-indnc eù pyrirnidinr dimcr s in 

the l'eJl's own DNA. 

\mong t he v arious vertt•hmte ct· ll tnws wt~ havp, •·ntploycd in t lw;;c 

assay!> there has cm r rged a remarkablc cunsistrn cy. lf a erli litu· was posi

ti~!' in one Ul)!<ay . it was invariahly p o!>ÌL Ì\C in •di: thO ~:>t' rwga tiq• in 0111' 

wt• rt• n uequi vocal ly llt'gf.tti":e in a li. 

(•) Re~r:m·h •upportcrl by the \ational Canl'~r l n~titut!• nnd hy thr l1.S. \totllic Ener:w 
Ctlll11l1ission IIIIO~r ('Uilt r :wt with uninn Carbidr Corpora t inu. 
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Ottr s luJil's sho,, tlr a1 t'StahlislwJ edl lin,.s ancl primar; r ì ~su c·~ frum 

Jis lws. amphilri ans ( HEc:Al". CooK &. LEE. 1968) and rept il<'-. (HE<:Ar. . Coo" 
& l 'AKEDA. 1968) clcarly pos!wf'l- t ht• propt·rl) of' biolugical plwlon·ar t i· 

va t Ì(•ll an d lwvr photorParli' ating enzyml' activity (Fig. l ). Chick cnJbryu 

flhrohlasls Jru,·c· photoreacti vatiu~ enzyme. (CooK &. McGHATn , 19117) and 
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PHEFFE HKORN, B oYCE & COADY (1966) haH shnwn su<·h ec•JI,., c·au phot11· 

rPactiva tc· UY-inacti ' a t cd p><•·uJ •>ralJic·:. 'irus . Tltuo; pltol on·act.ivation i>< a 
pmper ty o f ali Llu• lowc·r vc·ru·i>ralc's, inrluding h ird>- . 

P lwtoreact i\'a t inn wa.s dcmon strablr· in estahlisuPd cc' ll lincs som e nf 

w h i eh h a d h c•o·n eulliHlt1'd i 11 t•itro for O\ C'r nim· yearR. Thi;;; fìnding indie a t t'>

tha t p h o Lor(•af't i va ti o n is 110 l a n o rgan- or tÌE'sue-spt'CÌ fi c fune t iou s i n et• MI <' lt 
fnuetions are ~eTwrally lns t from cells after prolong<·d in vitriJ ctdli' ation . 

Hathcr, i t wou Id sngg<•st that photoreactivatimt is a fundamrn t al ccllular 

function which is quitC' likcly to he found in ali cells of an animai if i t Ì!> 

fonncl in anv of thPrrl. 

~amrualian cells rmp]oyt>d in tlw abon• assayR al!'o prodn ced ltigh ly 
con;.Ìs toml lntl nq~a t iv<· r(•stdts (Fig. 2) . However , thr ahs1·nc•· of plw to

r eaetivation is not eharactcris tic of ali m em bers of tLe Class l\1ammalia 
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becausc we have reccntly found that rnarsupial ee lls have pho toreact ivating 
enzym <· a nd can revcrse ultraviolet damagc in th e prest>ncc of v isible light 
(CooK & R ECAN, 1969). 
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Fig. 2. - Lack of photorenctivation in cells 
front placenta! mammals. I r
radiation \vith visible light had 
no rcRcueiog effect on growth 
after UV irradiution (BIIK cells
bnmbter kidney). 

'VP applico ou r assays fo r photorcactivatio n to e:stahli ~;hcd mu rsupial 
celi line·s und , where possihle, to prim ary tissues representative nf 1\ustralian 
Sou th Amrrican and Nort h Amcrican marsupia[ sp<·cies. Ali of thcsH expc·
rimcnts yielclctl pos itive r esu lts indicating that marsupials ha ve photoreact i
va t ion. T hus among a li t he classcs nf vcr trbra t rs apparently only the pla
centa! mammals an• devo id of the ability to photc reactivate ultravio l(\t 
dama~e. Why t his curious phylogenrtic palte•rn should ex iiS t is unknown, 
how1• ve•r i t is conceivable t hat t his process wa8 los t l'oncoruitantly with the 
e·volution of placentatiou, i. r.., the enmplele •levPiopment of tht\ e·mbrvn 
insi<l(: the hod y of the mo t her . 

Excision. 

The ind uction nf py.r1 midine dimers hy UV radiation in mammal ian 
cdls lwd bPI' ll demons tratcd by scvl'ra l authors pr.-vious to nur work (THO
SKO, Cn u & C.o\RR I ER, 1965: KLI MF.K, 1966). Tlwsl' authors studied dinlf•rs 
in mnuse an d hamster ce lls but fn und no f'\,id e'llCI' for PXeiHion (or phow
react i\ ation) in thl'se muriru· rode·11L cells . \Vhen "'' pt·rliHmecl pn·cisf•ly 
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:t ili ~A\. l'Oli~ •\FFLL'II I\1. LEIA .I ' I, A 1t I'II OTO~I';'<~ l\ l 'n 

tlw :<anlt' t'X JWriuwnt "i t h /~~tmrlll cl' li linc•-.. '"' iound nel\ onh t ha t d inll'r~ 

t't>atld al ,;o J,.. indu<· .. d in lnnu a n c·t·ll i- - !ta rdi~ a '-Urpri ,; in 1!. n·,...ult - lwt 

al~o~o. ir, ('\llllraRl to t la<· rodt·nt t't'Il data , tlt nt tltc·n· "''"' npJ'an•n th an 1"\.e·i
:- iufl of dinwr, from tl w lauman re• ll D'\'1\ "itlt tirn t· aftt•r irradiatiun. Furtlwr· 

nwJt·. tlw d inwr,., appc•arc•d 111 tlw TC \-~o lnl.lt· frartiun I'Oill'tlln it anth 

with tlwir lo~,; frttnt tlll' TCA-imr:-ol ultlt· frartion ( HEGAI'<. 1HOSKO t\ C:~IIHU'II 

1%B). 

Tu ;..tal t• that lnuuan n·ll:- (';tllf14 1l ~e·t rid nf dintt•r, b~ pholltrt·at·lÌ\;1-

t 1011 but l'ati ~~~ thl' r·xt·i..,ion J'TOI't'"" ma~ :- t·t•m tu indu·att· an Ìlll'flll ... iJ-ll'llt'\. 

Jluwni'J' , in tl11· t•xci:-ion l'~'~'' '''"" \\l:c-thc·t 'i,.. iltl•· li;.dtt i,., ~h one · "l'"" tlt t 
tt• ll f. l'lub,.;t•fJIII'IIt lo ult r;,, iu!Pt irmtliation or Ho l mah.t·,... 11 0 dilll'rt'll t't' in tlw 

outconlt' of tlw I'Xpc•rinwnt. ~··coudl~. in I'Xt·i,iun. tl 11· I'Yrinaidttt•· dirrwr~ 

i-. remo \ l'ti l'rom tlw t't•lltrlar J)' ,\ a,.. a par t of a tlinwr-rit·lr uligonue•lt'Otid•. 
Thu s tlreir nppr·anlllt't' in llw :t<' id J'oluhl" l' t·ll fraetiOJII. l n photorl'a('ti' at in11 . 

'' ut·n· 1 lw dinll'r i;, IIWIInrnt•ri:t.l't l in .~i tu. li w cliuwr ~ d n no i aptwar in l l1• 

arid-soluldt· c·ell fra l'l io n . 

Our C'li rn·n l ,; t uclit•,... an• llrn•t·t•·tl l n wa r cl, fiudiug t l w t'HZ~ uaalu· IJ;a ,,j, 

lè11· t>xri-;iun ::.111<1 l'or i t ,.. ,.;Ìp:nilie~tn <· •· in n·ll rt•pair ami lilll'\'Ì\'al. \\c· ar(' al•o 

rurn•utl~ Ìll\'t•;; tigatin g tlw t•x•·it- ion pr!H' t ·~;.. iu "'''l'ral lnun<ut cli"l'a"" !11· 

\llhing: ;,r\l'rt· u ltr<I\Ìol!'l :i< 'llhÌ ii, i t~. C LF\\EH ( lt>hH) ,.,hO\\I'd that l lt 
plwuHuu·uou of n ·pair rPplit·alinu or. base• in,.,t· rtioll aftn l \ dama;.:•· 

'" n 'i\ , wa~ la('king in llw di :; t ·u ~l' \nodt'rTil(l pi,~tiLI' II/Il~U III. Tlrll ... \\1' 1'::\11 • 
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OCl o '-'.•• .,..,,-: 

~· 
o '· l U l tl, 

t •• ..... ....· 

l i~. ~. J , ,.;.;"" ,,r l \ iutluco.>tl l" n · 

utioltur dwu•r• 111 111•rw.tl 
huuuut skin rt·ll• uml ti•~ lu<'k 
nl' rxcision iu ,kin <·e li• lmm 
u patic•nt \dth \uod .. rmu 

fliJ:nll'tiiOSUIII. 

tiiÌIH·d Xnodrrma t•t•JI, l'or n•patr al tlH' 1,., d o l' dinwr t•:xcrswn \\la i dr i-. a 
more dirl'!'l mt•an ,.; 11 1' scruLiui~illg rt>pair. Our n •,.,ult l- indi(·ate· that ),.c•rn

d Prma cdi-. lack tht· ut.ilit, to I'M'ÌM' dinwre; "hilr nonna l buma11 skin e1·ll., 

n·adil~· I'>. CIM' a n•ajority of tlaf'i r ùiuwn< within 24 hours aftt·r U\' irra

di .ttion (Fig. a) . 
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Thus our results indicate that individuals with Xeraderma pigmen tasum 
are the human analog of the cxcisionJess, UV sensitive bactcrial mutants 

so weU-known in microbia1 photobiology. 

Tbe outbor gratefully acknowledges the contributioo to the studies reviewed above 
by his colleagues, Drs. J. S. Cook, R. B. Setlow and W. L. Carrier ali of tbc Oak Ridge No-

tionaJ Laboratory. 
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Repair of mam malian celi DNA: effects of drugs 
and mutations (•) 

.1 . J· .. CLEAYJ..H 

Lnborcttor;> of Umltobiolu~tY, t •,it•Pr$ity of Californw ''1/edtca/ Crntn . 
.'ìon Fmncisro. Califumiu. LI.S.A . 

l ntroduction . 

A uovel form of uoncom.t·rntli,·e DNA r eplication oc·rur,.. in m aouua liun 
rt·lls after irradiation with ~ rayto ( P A t NTEU & CLEAVER, 196i) or ultra 

v iolet (UV) light (CLEA VER & PAINTEtt. J 968 ~ C t. EA n :u, 1968), or trt>a l

mt•nt \\Ìth chc micalrnutagrnf. (ROBEH1 "· CR.A1"0 0 R N & BRE">1' . 19(18; H A H"\ , 

Y A NG & PA RKEH. ] 968). Jf this UOli<'Mli'<' r Va l Ì\ l' rt•pli r a ti m t O CCII r!' iu tlw 
p rl'sen<•t• of Lromouracil deoxyribos idt· (3H or 14C BrUdR), tht· rl'!.ult:mt 

D'\A lws small patdtes of llrL and a dl'n:;it y l' lt~Rt' to tÙf' origina i tlt•nsit y 
of DNA in i~opyrnil' gradit"nts (CJ.EA \ ' F. H & PA t '<TEH, 196fl : C J.EA vE n. J 961l) 

(Fig. l) . Tlw noncous<·rvati\ t> rt·pli!'atiun is dt•tt·ct l'd autoradiographit:a ll~ 

through tlw inl'orJwratiun of 3 H th~tttidiut· (3JlTdH) into DNA dnrin g C, . 
G 2 • aJHI mito sis ( TI MìMl' SSEN & PAr~T~>:R, 1964). Thi~> rl'plicution i<. bioclw
mi eally sim ilar to r<'pair rep lit'a t ion in bactrria whidt in,-,,h~'" tlw n ·p lact·

mrnt uf dam:lf!t'd D A },nses. suda a!' p y rimidint· dinu·r~ ( P ETTfJOll l' 

& HA NA\\AU 1\ 19M· ~ HANAV.AL'I , l9u8), and it~ charaeteri :; tic,., an· n·a,..n

naLiy well k.n0\\ 11 (Tablt· l) . Tlw similarit y hctwcen r<-pair rrplication in 

bacteria and rn :un mulian cel i;, al thc- hioclwmi cal lt·,·el unfortuu a t •· ly do"" 
rwt a llo" tm y infcrenccs as to th r significancf' or import ao (:t· of n ·pair r epl i
ca t ion in ruammalian c(·ll::- l~t·cau :;t· of tlw lack of r adiat inn st•us iti ve or Tt·sis

tartl mutants . L n an attt·mpt to Jisco ' er tht· ro l1· of rPpair r eplicatio n in 

mammalia n cf•lb, J ba\ t' U FI'd t\\u approaches: (1) a s tud) of thc ('fi"f•cts 
of drug:, aclticJ afler irradia tion (C.t .EA\"Eil, l969a), and (2) a HtuJy of r epair 

rf'plicatiou m ht•redi t ary hurnan 8kin diseasi'E: (CLF.A YER, 1968). 

(") \\ orJ.. p<'rfurmed undcr tht• aubpiCt'~ of thl' U. S. Atomic Ener~) CommiF>iun. 

Anu. fsl . :SII!'"· Soni/11 (l!llò!J ) !'> . :wu-:um. 
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Cesium cbloride equilibrium density grndient profiles of D A from norma! humnn 
fìbroblnst s lnbeled for l hr with BrUdR, irradiated wi t h UV light and labeled 
for ·l hr io 3HBrUdR (20 (J.Cifm1 5 (J.g/ ml). Absorbance 260 llltJ. ---, 3H nctivity 
- • - .. \rrows mark poiji t ion of normul density DNA. Penk of3H nctivity at 
norma! tlensity from irradiuted cultures is evidence for rt'pair replication. 

l' \Il LE 1. 

Characterlstlcs of repair repllc.a tlon In mammallan cells. 

l. The amount of repair replication corresponds to the arnount of base doma!(e, UV > X 
ruys (RASSMliSSEN & PAINT"E il, 1966). 

2. The arnount of repair vari~s 'morkedly betwt>en diiTerent celi types; some primary human 

1·ell lines ~bow the most and some Chinese hamster (DFAF) and mouse ( L) lines ;ohow the 
least ( P AI I\TER & Cl.EAVEH, 1966). 

3. Hepair ocrurs throughout the cell <'ycle, over aH l'hromosorncs, and in prulifcrating and 
differcntiated eells (HASMt:SSEN. 1968 ; PAI NTER & CLF:AVI=:R. 1969). 

~. Hepair saturates above 200 to lOO (•rgfmm2 IJY and at low doses (one to l\\O 0 0 's) most 

uf the repnir is c-omplete "ithin 2 hr ( RASMU~SEiS & p \INTER. 1966 : CLEAVE R, 1969 b, c ; 
HAS~IliSSEN, 1968). 

. 11111. 1.</. Su11rr. Swdlfl ( lflli!! ) 5. :HiU·:Hi6. 
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·'· ~'' ,,; tttra lultt~ llot• lll:t,llllllllt n·plac·f'tcot•nl '' :tppru,iutalc·h tl.ft:! l o 11.1 p t'r <'C'ttl of tlw ~·· · 
U OIIH'. 

t.. Hrpair """ •<'IIIU'UII• .. n .IIÌ\1' rlplil'iiiÌUII ''""' "" pn·fc·n•flr<' fur rdH 11\('T Brl .tH ((.I.Jo,\· 
H.ll . ((j 'itt). 

~ Thl' n•paor p.11d1 i- iucli-1 Ìll!!fl j,it.oi,fc· lruct• t fu t ca l Ì\C' prol\Ctou·l!'ul i dc· dwi11 (l'\ l'\ TI: n . 
.[(j(lCJ). 

Tlu· iulluc·nc·1· l'l nunwrnt.- drug- un n·pa11· r1·plic·a1iou 111 Jl..f.a n ·JI, ;, 

"lllltlllarizc·cl in Tal,) ~ :2. ]\ .,,.,. ol' tl w~w clrll l!" ha>- auy i' l'l'<"ili<' l'fJ',•cl 011 l'"foair 

l'l')llicillion althu11glt Mllllt' i11hil•il onl~ "I'IIIÌt·on;-.c•nati· c· rt ·plic·atiotl ({,rnnp ] ). 

Tl~t · t'llllìJHltiiHI,.. in (; roup l ali tTdtH'c· lh·· ~<ll p)'l~ ,.f prc·t''ln-or ... for Ul\' ... \ 
,.., ntlw,..i:- anol llla\ iuhil>it ~ t·tui r• ott ;<f' f\ a li' c• replh·ation lwc·au"" la q~~ - qu.tn-

Eff .. c ts of drugs o n r.!pai; 1 CJllication oi V da m age in m ammalian ( H c La l ccii s. 
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GrOIIJl Il 

:;-atuiuouraC'i) 

lluorudo>ox' uridiflc• 

llliiPlltoptc•rin 

DruJ!' hiudtt1!! I n ()'\ \ : 

arrifla,·iuc• .. 

cry~tul \'Ìolc•t 

a ('titcum~ c·i 11 l> . 

phll'ttlfl~ I'Ìil 

Group Ili - Mi'>C'i'llallc'OU"' tttnde~ col' actiu11: 

callc·ittr . . 

iocloa c•(•taH' 

C) ..!ultcxittlich• 

pltl'ttl'th~ 1 alcohul 

~'lllÌ('\IU .. I 'I 

\UIÌ\t• 
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Il 

., Meatt-.. >Ìg~tific:anl iur.;bitio u; U 1111'.111• no rflt>CI. l-or t'XIll'ricuental cletaif, •fl' 

CLEA YF.n (1969(1 ). 
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tities of precursors rcquired for this in contrast to vcry small amounts re
quired for repair replication (Table 1). The cornpounds in Group II ali bind 
to DNA and may then inhibit both repair and semiconservative rcplication. 
Although no compound has a preferential effect on repair, such binding to 
DNA could be part of the mechanisrn whereby some of these compounds 
kill irradiated hactcria (HARM, 1967; REITER et al., 1966} and mammalian 
cells (ELK.IND, WmTMORE & ALESCIO, 1964) and enhance UV mutagcnesis 
(WITKIN, 1961). In Group III, caffeine bas no effect on repair even though 
it does kill UV-irradiated mammalian cells (R~uTu, 1967) . Caffeine, however, 
is lethal only during the fìrs t post-irradiation S phase (RAUTB, 1967) and 
probably intcrferes with post-irradiation scmiconservative replication rathcr 
than repair (CLEAVER & TnoMAS, 1969). 

Repair replication in humaTl skitt diseases. 

The only current cvidcnce for the functional s ignificance of repair repli
cation has been found in Xeroderma pigmentosum, a human skin disease. 
T he cells of tbis disease cannot perform rcpair rcplica tion after exposurc 
to ultraviolet light (CLEAVER, 1968 ; CLEAVER 1969b} (Table 3) . Xeroeù>rma 
pigmentosum is the only hereditary disease yet discovered in which the cells 
cannot perform repair replication. Others that bave been studied include 
light-sensitive (Rothmund-Thomson, Lupus erythematosus) and premature 
aging diseases (progeria). Xeroderma pigmentosum cells cannot repair dnmage 
to DNA bases but can repair damage wbich involves a chain break (e. g. 
X-ray damage) (CLEAVER, 1969b). The dcfective stage in the disease is pro
hably at an initial step of rcpair at which an endonuclease starts tbc exci
sion process. If pyrimidine dimers are tbc importnnt photoproducts involved 
in UV damage to human cells, then X eroderma pigmentosum cells shoulcl 
not excise dimers. 

S ignificance or importance of repair replication. 

The role of repair replication in mammalian cells is not clearly revealed 
by the experiments hithcrto descrihed. Unfortunatcly, there is, as yct , no 
definite corrcJation between deficien cics in repair replication and sensi
tivity to killing by UV light. In Xeroderma pigmentosum the criteria of 
scnsitivity are clinical, such as erytbema and nigh incidence of cutaneous 
cancers. A correla tion has, bowever, been established between the amount 
of repair replication anJ tbc level of cell surv ival after treatment.with methy l 
and ethyl methane sulphonates (HABN, YANG & PARKER, 1968). Excision 
uf damaged regions of DNA is a prerequisite for repair replication (SETLOW, 
1966; HANAWALT, 1968) . Although pyrimidine Jim ers have been identificd 
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TABU. :1. 

Amounl of repair replication aflc r 4 hr labelling In :IHBrUdR (20 !J.CI/ ml 1.2 Ci / mmolc ) 
after lrradlatlon. 

( ' •· li l\ l' ,. 

Jlum on .fìbrob/a.<r., : 

tlf!lllll (\\' 1311) 

Di"rn• rcl l Àt)rod,)rrno }JI/f,III!'IIIOSI/111 

Di~en~1·J S.rrodnma pil(mPtllosum 

(di' [lfl('ti. Cn<'<'hiorU' • ) md rom<') 

l)i•I'D>CO - R o thmund Tloonr•<lro 

Dif.l'a,..c·tl - PrOj(eria 

J )ii'CUM~d Bluom,.. 

l )jj;('USed - G rauulu ro1a liJU • 

ll i•en•td - / .upu> erythrmlllo.,us . 

Cloiuf•;.r luun8trr (\'79) 

Cloinr"' lo a uos tl'r (\'79) 

Chini'!'!' hamster ( \ 79) 

r\orrooul lourroan fihrnhln,..t • ( \\' ] :Ili) 

J l l , N(.' • 

42H l'r~t f rnnr 2 

420 tr!( ll!un2 

1:!(1 rq:: tunnt 

4211 er~ J uuu!! 

42U eq; inoru" 

421) er!(/ lluu 2 

42(1 ~rfl/uln1 'J 

420 er~: lmm• 

70 l'rt,t lllllll2 

105 nglnoru" 

7()(1 
(' f !! "'"'" 

211 l.r '\ t 3)> 

1 
; \lll ouJtt .,r o••·louJo· ,dpo" IJ.l't l 
D:\ ,\ , 2111111 dp~toj4t = . l '"'' 

t•4•nt rt•J'II IWt 'liW IJ l 

l :l iti 

hl'lnw IJUI'kl!fO UII II 

lw lt"' lucc:k!!rOunJ 

3:illtl 

20i 1J 

11111 

20311 

201111 

llll 

171ltl 

2tl l11 

:w~ 

"' Tloo· l\ clu~l' i" 1111 tlu: plnteau of 1lr r rlow respon•e urod rorrr~pcmrl • tu lht· 

tnuxitmltu nmount of rrpuir wbich occur;.. 

+ Tlof,t• dir,easeF ali nfl'el't tht• skiu autl nous t nrt IH<'iiumed to ha' e n ~l'ne ti<' (•nmr. 
Thr pret·i~ion of the;.e rtii:U~Ufl' llll'll l 'ò i~ lo" uud tl ot• >IJt'l'ifir a('ti\'itit~ or t ltc huulllll tell 
t y pe-. are u o t regarded a" si,:nifì<'antl y difrert'nl. rxt·evt for .\ eroderma pi11mmtosum. 

as th;: pa rt icu lar UV plwtopr ocluct ('Xt•i~;Pd from hacteria (SETLm v. 19u(,). 
such idt•utification is not )'C'l •·s taiJJislu·d for mammalian c·t · ll ~>. Human Ct'll~> 

<'1111 cxcisr balf of tlw p yrimidinc dinwr:; frorn D~A (HECAJ\, TnosKo & 
CARRIER. 1968). onr rnous<> a scitcs c;•U Jinr rxciscs 30 pcrc·cnt (H oRIKA\\A . 
1\n~AIOO &: St:GAHARA. 1968). but man~· rodt·nt celi lincs appan:ntly rxc i ~;· 

noni.' n t ali (TnoSKO, Cu u &. CARR!ER, 1%5 ; KLIII1EK J 966 ; CLEAVER & 
TnoSKO, JW•9) . .Evcu cx cision of l• alf thc dinwr~ Jcaves a vrry lar~e numbl' r 
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of dimers in the DNA of surviving cells. The role of pyrimidine dimers in 
UV damage to mammalian cells is therefore difficult to evaluate. 

There are at least three possibilities concerning the fate of pyrimidine 
dimers in mammalian cells: (l) pyrimidine dimers are irrelevant to mamma
lian UV damage, (2) excision produces large acid insoluble oligonucleotides, 
(3) cxcision occurs, but in many cells at an extcnt below reso1ution in chroma
tograms. In view of the importance of dimers in most biologica} systems, 
alternative (l) is unlikely. Alternative (2) is probably incorrect because 
1arge patches to replace oligonucleotides would produce repaired molecules 
denser than normal in isopycnic gradiente (CLEAVER & PAINTER, 1968 ; 
CLEAVER, 1968). If alternative (3) were correct, wc would then bave to con
clude that excision repair, though present, is relatively unimportant in 
mammalian cells. It is conceivable that mammalian cella bave other repair 
sys tems which do not require the replacement of damaged regione to facili
tate cell survival. One such repair system, dis tinct from cxcision repair, 
has b een identifìed in an excision-defìcient Esclu!richia coli (RUPP & HowARD· 
FLA.NDERS, 1968), and some cvidencc for a similar system has recently been 
obtained in Chinese hamster cells (CLEAVER & TuoMAs, 1969). 

A ddendum. - In a survey of ten sevarate Xerodenna pigmentosum 
paticnts including both clinica! forms I now fìnd (with improved methods 
of detection) that the majo.rity (seven out of ten) do in fact perform 
detectable levels of repair replication. These levels are all below normal, 
and hence do not invalidate the fo regoing conclusione about the disease, 
and there is no simple correlation between levels of repair in the two 
clinica) forms of the disease as appeared initially (CLEAVER, 1968). 
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