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1. Introduction 

The newly synthesized DNA after UV-irradiation 
of uvr+ or uvr- E. coli cells has a low single-stranded 
molecular weight equal to the average spacing be- 
tween pyrimidine dimers in parental strands of DNA 
[ 1,2] . The decrease of DNA molecular weight in 
alkaline sucrose gradients is caused by the gaps (- 
1000 nucleotides long) in daughter strands, opposite 
to the pyrimidine dimers, arising at the replication 
fork [ 1,3]. In the course of subsequent incubation in 
growth medium these gaps are repaired. The finding 
of DNA strands with intermediate density in alkaline 
CsCl in UV-irradiated E. coli uvrA6 cells allowed the 
authors to suggest that post-replication gaps are 
repaired by a recombination mechanism involving 
actual breakage and reunion of DNA molecules [4]. 

However, many facts do not accord with this 
hypothesis [5,6]. For example, E. coli AB 2487 
recAI3 cells show no deficiency in post-replication 
repair after 15 erg/mm? of 254 nm W/-irradiation 
although the relative recombination frequency in 
these cells is about 10T4 compared to a value of 1 for 

ret+ cells [7] ; on the other hand, there is no breakage 
of parental DNA strands in UV-irradiated uvrA6 or 
uvrB5 cells at all [7,8]. It is possible therefore that 
UV-stimulated recombination between sister DNA 
duplexes, if it occurs, does not causally relate to the 
filling of gaps and the latter are repaired by de novo 
DNA synthesis [5 ] . 

In this paper data are presented indicating that 
inactivation at the non-permissive temperature (45’CO 
of thermolabile DNA polymerase III in a double 

polAI p0lC26~~ mutant of E. coli results in the failure 
to repair post-replication gaps after W-irradiation. 

2. Materials and methods 

The strain E. coli BT1026 polAl p0lC26~s (dnaE) 
en&thy-kindly supplied to us by Dr. Y. Hirota was 
used in this study. The cells were grown at 30°C in 

M9 medium supplemented with 2.5 mg/ml of casamino 
acids, 10 Erg/ml of thymine and 20 pg/ml of L-argi- 
nine. After washing the suspension was irradiated in 

salt M9 a medium in a Petri dish at the density of 
about 5 X 1 O8 cells/ml under a germicidal UV lamp 
BUV-60 (254 nm). The W-light exposure dose rate 
(1.8 ergs/mm’/sec) was measured using chemical 
dosimetry [9]. 

Immediately after irradiation the cells were pulse 
labeled for 10 min at 30°C in 1 ml of M9 with usual 
supplements (omitting thymine), with 50 &i/ml of 
[3 H] thymidine (11 Ci/mmole) and 250 ~.cg/ml of 
deoxyadenosine. Then the cells were centrifuged and 
incubated at 30” or 45’C for the desired time in M9 
with usual supplements and 4 pglrnl of thymine. Con- 
trol variants were stored in ice after pulse labeling and 
washing. Approximately 1 O7 cells in 0.1 ml of salt 
M9 were placed on the 0.1 ml layer of 0.5% Sarkosyl- 
0.5 N NaOH on the top of the alkaline sucrose gra- 
dient and stored for 20 min in the dark. The lysates 
were centrifuged at 33 000 rpm at 20°C in the SKR- 
40 rotor of a UPR-8 ultracentrifuge (USSR). The 
gradients were fractionated from the meniscus under 
the pressure of chloroform deposited gradually on the 
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bottom of the centrifugal tube. The fractions were col- 
lected on filter paper discs, washed in 5% trichloroace- 
tic acid, ethanol and dried. Radioactivity was measu- 
red in a toluene solution containing 0.1 g of POPOP 
and 4 g of PPO per liter in a Nuclear Chicago Mark 
II System. 

We used an isokinetic sucrose gradient in 0.9 M 
NaCl-0.1 M NaOH-lo-’ M EDTA with an initial 
concentrations of 5%. The parameters of the isokine- 

tic gradient and SOzO,w for our rotor were calculated 
according to No11 [lo] and molecular weights by the 
formula of Studier [ 111. Calibration of the gradient 

with 3H labelled h DNA (17 X lo6 daltons) gave 
the correct molecular weight. Number-average mole- 
cular weight, from the distribution in the sucrose 
gradient, was calculated by the method of Rupp and 
Howard-Flanders [ 13. 

3. Results 

The sedimentation characteristics of the pulse-la- 
beled DNA of unirradiated E. coli BT1026 polA1 
poZOs are shown in fig. 1. The DNA synthesized dur- 
ing the 10 min pulse has a lowered molecular weight 
(A) but after an additional 10 min incubation in 
growth medium without radioactive precursor at 

30°C or after 20 min at 45’C the normal molecular 
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weight is restored (B). The appearance of pulse-label- 
ed DNA in the polA1 mutant in the low molecular 

weight fractions has been reported previously [ 12,131. 
Our data indicate that the slow covalent ligation of 
nascent DNA fragments in discontinuous synthesis 
in poZA1 cells is not needed for DNA polymerase III 
action. 

UV-irradiation (30 erg/mm*) prior to the incuba- 
tion with [3 H] thymidine induces the appearance of 
single-stranded breaks in daughter strands caused by 
unexcised dimers in template DNA (fig. 2A) in addi- 
tion to the discontinuities produced by polAl mu- 
tation. 

Slow sedimenting DNA in UV-irradiated cells con- 
verts to the fast sedimenting form only after 60 min of 
additional incubation at 30°C (fig. 2A). This result 
supports the conclusion [ 141 that polA1 mutation 

alone not reduces the efficiency of post-replication 
repair. 

The incubation of UV-irradiated (30 ergs/mm2) 

BT1026 cells at 45°C does not result in the repair of 
gaps in daughter strands caused by dimers: after 60, 
120 or 180 min at 45°C the label appears in the slow 

sedimenting molecules (fig. 2B) indicating the involve- 
ment of DNA polymerase III in post-replication repair. 
The number average molecular weight (M,) calculated 
for the 60 min variant is approximately 18 X 106. 
This value is in good accord with the value of average 
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Fig. 1. The sedimentation pattern of pulse-labeled DNA in unitradiated E. coli. BT1026 cells. (A) analysed without additional in- 
cubation after pulse label. Centrifugation time was 85 min, (B) analysed after 10 min-incubation at 30°C [ 1 ] or 20 min-incu- 
bation at 45°C [ 21. Centrifugation time was 65 min. 
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Fig. 2. Post-replication DNA repair at 30°C (A) or 45°C (B) after W-irradiation of BT1026 cells. Centrifugation time was 85 min 
(A and B). (A) 1) 30 ergs/mm’, 10 min pulse label at 3O’C; 2) as 1) with additional 60 mm-incubation at 30°C in growth medium 
without [3H]thymidine. (B) 1) as A.1) with additional incubation for 60 min at 45aC, or 2) 120 min in growth medium at 45°C; 
3) 15 ergs/mm’, 10 mm-incubation with [a H] thymidine at 3O”C, then for 60 min at 45°C in non-radioactive medium, 4) prestar- 
ved for 10 min at 45’C, irradiated (15 ergs/mm’) pulse labeled for 10 min at 45°C and incubated at this temperature for 60 min 
in non-radioactive medium. 

spacing between dimers in parental DNA strands at 
this dose - about 20 X 1 O6 daltons [lo]. 

After UV-irradiation with 15 ergs/mm’ almost 
complete repair of dimer-induced gaps in daughter 
DNA strands is observed after 60 min at 45°C (fig. 
2B). This seems to be due to residual DNA polyme- 
rase III activity: it was shown previously that after 
transfer to 45°C of unirradiated BT1026 cells 
residual DNA synthesis occurs which corresponds 
to about 5% of synthesis at 30°C [ 151. 

The defect in post-replication repair after 15 ergs/ 
mm” in BT 1026 may be demonstrated in modified 
experiments. If unlabeled cells are pre-starved for 
10 min at 45’C, then irradiated, labeled for 10 min 
with [‘Hlthyrnidine at 45’C (very low incorporation) 
and incubated fro 60 min at 45°C the dimer-induc- 
ed-gap-repair occurs only partially (fig. 2B). 

Therefore, we suggest that DNA polymerase III is 
necessary for the post-replication DNA repair in UV- 
irradiated poL4l cells. 

4. Discussion 

The simple interpretation of results presented in 

our paper is that the gaps opposite to the pyrimidine 
dimers arising at the first round of replication of da- 
maged portion of DNA are repaired by synthesis de 
novo with DNA polymerase III. The alternative 
interpretation (see Introduction) is that DNA poly- 
merase III and/or replication is needed for recombina- 
tion between sister DNA duplexes in UV-irradiated 
cells: it is known that the frequency of recombina- 
tion is reduced at the non-permissive temperature in 
dmzB mutant [ 161. However, the dependence of re- 
combination repair on replication suggests the copy- 
choice (de novo synthesis) mechanism of recombina- 
tion but not breakage-reunion. 

Several phenomena are observed under conditions 
of thermoinactivation of DNA polymerase III in the 
double mutant p&l1 p0lC26~~ stopping of normal 
semiconservative DNA replication, sensitization to 
the lethal action of gamma-rays [ 151 and UV-light 
[ 171, and inability to rejoin the incision-induced 
DNA breaks [ 171. 

We show in this paper that post-replication repair 
in UV-irradiated cells does not occur without func- 
tional DNA polymerase III. It seems possible that all 
these phenomena depend on one pathway of DNA 
metabolism in which operates a specific subcellular 
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structure containing DNA polymerase III. The real 

function of this structure may be the control of 

penetration (‘just prior to replication) of single-stranded 
DNA gaps (or breaks) into the replication machinery: 
if DNA polymerase III is active the gaps are filled and 
replication continues; in the absence of functional 
DNA polymerase III replication stops. In gamma-ir- 
radiated poZAZ p0lC26*~ cells, with many long-lived 
breaks, replication stops immediately after transfer 
to 4s”c [ 151. 

Youngs and Smith [ 171 have postulated that DNA 
polymerase III acts in the recA recB-dependent branch 
of excision-repair which determines long patches 
(- 1000 nucleotides) of repair synthesis observed in 
polA1 cells [ 181. The lengths of post-replication gaps 
have the same order of magnitude [3]. Recently, 
Wickner and Kornberg [19] have shown that DNA 
polymerase III* with copolymerase III* fills in very 
long (- 5000 nucleotides) single-stranded templates 

@Xl 74 DNA in vitro. These data indicate that the 
properties of DNA polymerase III satisfy the require- 
ments for the enzyme which repair postreplication 
gaps after UV-irradiation by de novo synthesis. 

The defects in many genes are known to decrease 
the efficiency of post-replication repair: recA [2] , 
exrA [ 171 ; slow and incomplete gap-repair was found 
in the recB recC recF sbcB multiple mutant [ 201. 
Possibly the normal products of these genes act in 

cooperation with DNA polymerase III. This is suppor- 
ted by the finding that dinitrophenol known as an 
inhibitor of recA recB-dependent slow repair of 
X-ray induced breaks 1211 produces also sensitization 

to gamma-rays of polAI p0ZC26*~ (BT 1026) cells at 
30°C exactly like that produced by incubation at 
45°C [22]. 
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