
Repair from UV damage in E. coli and M . luteus 

P. VAl\ DE PUTTb 

MNiicul Biologicul Laboratory, !Vwiunal Defms•• H••srarr!l Orguniz111ion T IVO, 

R ijswij/•, Tht• Netherlands 

C. A. \AN SLUIS 

Laoorutnry for Molt>mlar Genetirs. /, ridrn StntR Unir•f'TSII_l, Leiden, 7'111' .Vetht>rlund~ 

A largl' numLC'r of radiation scnsitivc mutant!> a re knowo (see Tahl<• l) 
of E. coli, which are phcnotypically and genotypicully wcll <iescrilJcd. Littlc 
is kuown about t hl' products of tLc di(J'erl'nt g •''ll!'Ei involvctl in repair. Ho­
wevcr i l bas Leeu estublish t>d tbat in thc ca!>t' of the cautious Ht·c mutanl~. 

RecH and R erC, and ATP dependcut exnuuclt•asl' is aLsent (BUTTi!\ & 
WRJGJIT. 1968). 

T ADI. I . l. 

Properlles of UV-sensllive mutants or • E. coli " 
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UV H-typc mutants, wlllch an· uuahle to rr pair UV dam age in cdlular 
and in phagc DNA, are known to be inhibi:cd in the exci&ion process : no 
p)Timidin (' dimer:. an: removed from bacterial Dl\'A during post-i rradjation 

.-1111,. / xl. Sllf)ff. i;anifr'l ( 111119) 5 , 3iH ·:J411. 
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in.cuhation (SETLOW & CAnRIER, 1964; H owA n n - rL \NOERS & R oYCE, 

1964). AJthough t he excision process itself h as been thorough ly inn-sti­
ga tPd tbe role of the three geno types invnlvrd, ut·rA, uvrB anJ Ltt'rC, is 

not understood. 

Onc a ppronch to investiga te this process is the study of 1•xcision rrpnir 
in vitro. As described by Ronscu, VAN DE R. KAMP & ADE)t A (1964) the fol­
lowing mcthod can be used : double stranded D NA of phagc <l> Xl74 (RF l ) 
can hr isolated from infected E . coli cells and the biological nctivity of this 
D~ A (:an be measured before and' after irradia t ion using E. coli sphero­
plasts . .Extracts from M . luteus. are able to rcstore much of t he hiological 
uctivity of UV irradiated R F -DNA. T hese a re tlllls bc licved capa ble of ear­
rying out t hosf' s teps in the repair proces~ in vitro which are blockcd in 
E. coli Hcr- spheroplasts in vivo (see F ig. l) . 

100 '000 1100 

W-dow (t;gfmm2l 

Fig. l. - Survival rurv('e l'or UV of 

<l> X IH RF-O~A. Hcr l- : 

assayed on Hrr'~ ~rheroplasts. 

Ucr- preincubotion: DN \ 
inrnbatrd 1~itb rnicrococral 
rxtract :md subsequently as­
sayed. ll cr- : ussaycd ou 
Hcr- ~rheroplasu. 

evl'ral UV sensiti,-e Hcr- mutants of M. luteus - some as !Wnsit ivr as 
l7V <;ensitiv•' mutan ts of E. coli - have heen iso lated (Ronscu et nl ., 1966). 
Extracts from t hese mutants however wcre s tili capable of r<'pairing UV 
damagf' of HF l-DNA in vitro. This is an a pparent con tradict iou with the 
Hcr propert y of t he strains. It seems therefore t ha t H cr - mu tan ts of 1\tf. 
lutetts a re iuhibitcd in a d ifferent s tep of t he repair p roccss t han thc s trp 
which is inhihited in H cr - mutants of E. coli. 

T hc discrcpancy was even more clearly dcrnons tratcd whcn thc rnutaot 
\1 L9 was stu d ied . This mutant was found to h e lackin g a n U V-sr•~cific 

o•ntlonu clcase. 'l'be m utant resemhles t he mutant isola t cd by 0K.UBO Pt ul. 
(1907). Ext racts of t bc mutant .ML9 are una ble to rl'pa ir UV damage in 
t•itro, hut the strain itseiJ is nearly as radiat ion rcsistant and Hcr+ as the 
wi ld typc (sce Fig. 2 and Fig. 3). 

Tho fJ UCstion a ris<'s by what mecha nism is UV damag~> rq>ain•d in s train 
\1L9. when t bis mutan t ìs lacking an UV-spccìiic cndonucll'ase to which 
a roll' in thf• rxcision repai r process is ascrib•·d ? Somt> informatiou has bt't·n 
nbtainC'd hy invf'stigating bactl'r ial DNA hrf'aktlown \\h i eh a•·cornpanif'<~ 

. l u u . / .<L St~wr. S tilli/ti flllfill) 5. :1:11 -;1111. 
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Surv iv al c urvt"S Jnr l \ or ;,nrral Jl ìrt OCUt'CII' lutt•u,< ~t ra i u•. E' t'""' ' ll l ia l !!fO\\ Il 
1'<'11~ w erl' 'o roio·u crd t u ohta iu ~t· pnru tc l'CII, nud irraol ia tt>d i 11 0. 111 M rhospiHito· 
hn ll't•r p J-[ i.U, 

S u n ;, al eu n,., fur l i \ o l lll il'rot·flc'ral pha~:c• '\ ;> "" 'ariuu• \/ . lcct•·u ~ ~tra r u •. 
' l hl' Hrain• M 1.:?- l une! .\1 1.:1 art• llcr 

t·x et;;wn a fter L\ trrad iatwn . A;; n 111 lw ,er u in F ig. ·l· t Ili' po:- t -irra dia tion 

ckgrada tion ofDN A ÌH as t•xtens i,t· in ,\ t L9 as in tl lt' wilcl typt· M 1.1. Howt'\'4'1' 

.in tlw ( ' U!'t' of MJ.Y. dq.:raùation IJt•ginl' onl y aft t• r a di' la\ uf (> () minute· .... 

,,, 

incub&l+on t lmt a t JO "C rmif!. f 

l·ig. l. - l nt r.u·l'llular de!!r.ula t iou of bm·tc•­
rial Il\ \ a ft !'r l V irradia t iou. 
Cr·ll • \\ etc lub clt•cl o vt•ruig ht \\i ti c 
l a I l i- t h y cuid im•, lrurvi'F ft•d iu t hl' 
e"ptiiH' ll t ia l pha•c· and irradia tc·d 
( 1111111 erj! m m~). Tic t• frnct io n del!ra· 
dt•d I>\\ i~ det l'rrroiued h~ pr<'t' i· 
prtJtion of in tar t J)\ \ h~ t ri­
drlorllac·ctiC" acid. 0--- U M ! l 
,,j Jd l ) p C: U- -- 0 l\11.9 lliUlall t 
ltH'k i nl! U \' SIH'r il ic· (•udo nudea•e. 

T h t· sanlt' tlt·lay was oh;,cn t·d "'ben tlu· in t rodu ct io n of singlc· l'trandrd hrl'ak" 

" ·as stucli t•d by alkalint· sucrO:>I' gradir nt ccut ri fuga t ion in tlw '' ild t y jw 

s tra in ML l aud ML9 (Fig. 5 and Fig . 6). I n ML9 tlw break~' npp!'ar lalt'r 
lmt tlwy are repain·tl a ft er prolonged iucubatilln . 

,rltu'. 1~<>1. SttJIIf. Suuil" ( IHfiHl 5. J:H :Htt . 
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These results may indicate that the UV-specifie endonuclease (incision 
enzyme) is induced after irradiation. However when extracts of ML9 are 
prepared 60 or 120 minutes after irradiation stili no repair activity in vitro 

can be detected. This leads one to suggest that the repair activity in this 
mutant is performed by recomhination and that breaks are introduced only 
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Fig. 5. - Sedimentation of DNA l'rom 
stra in l\iLl in alkaline sucrose 
gradient. Cells were prepared 
as described under Fig. 4, con­
verted to spheroplasts (RuPP 

& HOWA'RD·F'LANDERS, 1968) 
and lysed in alkali. Sedimen· 
ta tion was for l.S hr a t 40,000 
rpm in SVSO rotor in a 5-20% 
(wjw) sucrose gradient con­
taiuing 10·3.1\'f EDTA pH 12.1. 

after ont; round of rep1ication (RuPP & HowAnD-FLANDERS, 1968) . To test 
this hypothesis more information must be obtained about DNA replication 
and recombination in lvi. luteus. 

A clisadvantage of experiments with M. luteus is that genctic analysis 
of mutations is more difficult than in E. coli. On the other band, since the 
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Fig. 6. - Sedimcntation of DNA from 
slrain ML9 in alkaline sucrose 
gradients. For dctails see 
Fig. 5. 

amount of repair enzymes in M. luteus seems to be much great er than in 
E. coli, 1\1. luteus is a more favourable organism for biochemical investigation. 

Although the hiochemical implications of the three rnutations uvrA, 
1wr8, and uvrC in E. coli are known the ohservation that the three gcnes 
are localized at different sites on the hacterial chromosome and lead to 
t he sarne phenotypc is not undcrstood. Experiments bave heen carried out 
to see if the en:r.ymes coded by uvrA, uvrB and u·vrC are also involvecl in the 
prolifcration of the celi o'r in recomhination. 

A strain was constructed with a ll three uvr mutations. Since thc UV 
sensitivity of a strain harbouring two wvr mutations cannot be distin~uished 
from a strain with one mutation, no direct mcthoù is available to select 

. lnn. 1~1. S 11oer . .':irmill!. (1969) 5. :I:H.:UO. 
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Cons truc.fon ot an vvrA, uvrB . uvrC mutonr 
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Fi~ . ,, hulatiuu ol 11\r \·u\'rH·tl\ d , triple u tula!lt. l•or tlt•tnil· . ,.,. 11''1. 

Firs l rhlnra l t' mutaut:- wt·n· m a clt• frnm an ut·r l 1- 1 rain. ::,1111'1' tlw urrll 
!!''llt' Ut'!> lwl\\t 't'U eh/ A 1111d bio thn;.~· l'ldunl1•· rt ·;.i~ t anl rnulanl ,. ohlaim·tl 

in a RingiP nautagr·nir l' h ' JI whicu ar·p al ... o biot.iu n 'luirin!! 11111!'1 han· a 
ch/4-urrH-bio dt·letion . !11 thi l' 1\ay a m•r 1-tu•rB dnub lt• mutanl "a" ohlaiUt·d . 

' uhSt'I.JUI'ntly th•· douiJi t> mutan t , m ·r ·l-ur•rB. \\U :o- m atf'd "itl1 a F ' 
thv u t• r C E~ lrain auù Hi!' r l'rombinant;. wc•n• selectt·d. It \\ a;; oiH•I 'f\t'tl that 

50% nf tiH• rt·comuinau1 ~-> had a<:t]uirl'd tlw U.!lrC mutatiou. Tbis \\<l ~ found 

lr~, introduNion of a F tlly in1u tut· rt·t•omJ,inant ~ an tl suhsequPntl~ mating 

\\itlt a F u t'f 1 hi.ç Eì lrain. If t h(' donor it' ut'rC ~0 (1 11 of tht· Hi~ rt·romhi­

nant~> should hc sen !'iti vt' fnr CY. il' tlw douor s train i ~ ut·rC ali r ecomhi­

nants an• t•xpectt•d to lH' n·~:> i;, Lant. 

It wat> pro\l·dthat tl11• III 'TA anclul'rB mut ations Wt'rt' stili prt ',.,t' lll aftt:r 

1l11· introdur t io n of u1•rC lty prq•arin ~ n P l lysalf' o n t !te tripi•· s t ruin folinwt·Ù 

h~ transdur lio n and sdt•ctin ~ for .Mc· t + ( m ·r: J) and Gal (m•rB) tran!'dUl'tan 1 .... 

T lw t•ltaracll'ristics uf the tripli' mutant W('f (' studit·d . It wa;. ruund tLat 

the tripi•· mutaut cou ltl prolift•rat e nurm aliy. Tlwn·fnrl' tliP thn•t• ut•r g-ene 
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products cven when a ll three are absent are no t essenti a l for celi proli­

feration. 
T he rrcomhination ahilit y of the triple mutant was cxamincd and found 

to be normal as illustrated in Table 2. 
TADLE 2. 

Chromosome moblllzallon by F'thy In varlous uvr strains 

:'l:nmlrl'r or tyr " rccomblnant~ (chromosome trnnsfcr) 

;;-;;;,-hcr· or thy ~ r·cctHIIIJinnut~ (l'pisomo lruu8ft•r·) 

------------- -- --- ------

uvr + 3.5 x LO 2 

nvrA 5. 0 x 10·2 

uvrB 2.8 x 1()·2 

uvrC 3.7 x 10·1 

uvr.\ uvrB ;l, 5 x 10-2 

tl\rA uvrB uvrC LO x 10·1 

rrcA ..... < l ()· G 

TABLE 3. 

The clfect of uvr mutations on intracodon recomblnatlon 

Codon~: wild l y pe GU .\ (BbP); .\16 GA-\ (gin); .\23 A(L\ (drg) l 
Xurnhor ot recombinants c:vs' lr·p " 

1

:-;umull\llon ofJ 
Stralns - - ·- l'eco m blnatlon 

,·ys .,.. cye l- trp"' c·y~ t- fat'lor 

\Vild type. 2.7 x 107 127 L7 J0-8 

uvrA L.9 x 107 328 1.7 l (J-6 3- ~ 

uvrH 5.7 '< 1o• 183 :!. 2 10-5 7 

uvrC 2.0 x 1.07 }116 7. l lQ-6 1- 2 

----- - ---
L'otlo rUl: wr ld tlpe U(l'l' (gly); A78 'I'O'r (CY>I); ,\;,8 ll.\'1' (U.SP) 

u u (; 

\Vi i d t ype . 2. :l x l ()7 H8 :;.s " l. O·• 

uvrA :!.5 x l ()7 190 , -
' ·" L0·6 1- 2 

U\f B :l. 5 ,< L08 192 L2 < 10·5 ì - 8 

U\ rC IL! IO• 190 ~ ~ 
~.l 10·5 3- ~ 

11111 . / s t . .'ill fJtr . • 'inu t/ii.II!JiiUl 5. :I:II ·J IO . 
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tinll ' "' lP ;,tt11h· intraeodou n·c·ond,inat ion . T\\ o p a ir,., o f' lrfl 1 nlutant ­
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an d 111 rL 011 in t raeodon n·c·cHnhinaliou. 'l'Il e· prc · lin1i11ar~ n •:-ult ,..; iurliealo· 

th at tlw siuglt- IIIUialions llHI\ h a \1· a :-anali ;.; tiruul a tin l! o·fl '••r·t un "'l"'~'ifll' 

1)(11'>- of n ·c:oruhinatiun (;,t•c· Taldt• 3). Tt11· n·;wl) :- ho\\t ' \ t'l' ,,t•ro • ol•tairwd 

~~~ llf'r-F t'l'ti>-,., ,.,_ and n o t b, lrau ,.,dnt•l in n aud '"" ,. t o ht• rqwall·d al~o 

"i t h i,o!!t'IIÌ !' ,.,trai w. 
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