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aBsTRACT The ability to selectively photolyze bromouracil-(BrUra-)containing
repaired regions in cellular DNA has allowed us to estimate the average size of
repaired regions in ultraviolet (UV) light-irradiated Escherichia coli. Cells were
labeled with thymidine-*H, irradiated at 254 nm, and incubated in nonradioactive
bromodeoxyuridine (BrdUrd). After incubation the cells were exposed to 10%
ergs-mm™2 at 313 nm, lysed, and sedimented in alkaline sucrose gradients so as to
measure the average molecular weight of single DNA strands. In strains that had
excised ~45 cyclobutane pyrimidine dimers/10® daltons, the 313 nm treatment
resulted in ~6 single-strand breaks/108 daltons. In an excisionless strain, the same
treatment resulted in only 1.5 breaks/10® daltons. From the determination of the
sensitivities of fully substituted DNAs to 313 nm light, we calculate that the re-
paired regions in excising strains of E. coli contain an average of 4-6 BrUra resi-
dues. Photoreactivation experiments indicate that the excision of pyrimidine dimers
in the presence of BrdUrd is the primary source of repaired regions selectively
photolyzed by 313 nm radiation.

INTRODUCTION

The mechanism proposed (Hanawalt, 1968; Howard-Flanders, 1968; Setlow, 1968;
Strauss, 1968) for the excision of pyrimidine dimers from DNA in UV-irradiated
E. coli (Setlow and Carrier, 1964; Boyce and Howard-Flanders, 1964) is as follows:
(a) a single-strand incision is made near the pyrimidine dimer by a UV-specific
endonuclease, () the dimer and adjacent nucleotides are excised by an exonuclease,
(¢) repair replication inserts undamaged nucleotides into the single-strand gaps,
and (d) the replaced nucleotide sequence is joined to the DNA strand by ligase
action. According to this scheme, the incorporation of BrUra into parental DNA
after irradiation, as observed by Pettijohn and Hanawalt (1963, 1964), presumably
represents the insertion of undamaged nucleotides into single-strand gaps created
by the excision of pyrimidine dimers and adjacent nucleotides (i.e., step c).
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Repair replication has been measured primarily by the incorporation of labeled
BrUra into light-density parental DNA as detected by isopycnic CsCl centrifuga-
tion. Recently the selective photolysis of BrUra-containing repaired regions has
been used as a rapid method for detecting repair replication in mammalian cells
(Regan et al., 1971). Exposure of DNA with BrUra-containing repaired regions
to 313 nm radiation reduces the sedimentation rate of the DNA in alkaline sucrose.
Hence the irradiation has reduced the molecular weight presumably by inducing
single-strand breaks (or alkaline-labile bonds) in the BrUra-rich regions. At 313
nm, the ratio in strand-break sensitivities between BrUra-substituted DNA and
unsubstituted DNA is greater than at shorter wavelengths (unpublished data).
This technique has been adapted here to measure the average size of repaired re-
gions in E. coli.

MATERIALS AND METHODS
Bacteria and Growth Media

We used the following thymine-requiring strains of E. coli: 15 TAU-bar (from P. C. Hana-
walt) and E. coli K-12 strains AB2497 (uvrt) and AB2500 (uvrA-6) (from R. P. Boyce).
The basic medium, a glucose-salts minimal medium, M9 (Roberts et al., 1957), was supple-
mented for 15 TAU-bar with 2.5 mg/ml Casamino acids (Difco Laboratories, Detroit,
Mich.), 2 ug/ml thymidine, 40 ug/ml uridine, and 25 ug/ml tryptophan and for the K-12
strains with 2.5 mg/ml Casamino acids, 2 ug/ml thiamine, and 2 ug/ml thymidine.

Radionuclide Labeling of Cells

Logarithmic phase cells at an initial density of 5 X 107 cells/ml were grown for two to three
generations in the presence of 4 uCi of thymidine-methyl*H (6 Ci/mmole, Schwarz Bio-
Research Inc., Orangeburg, N. Y.)/ml of growth medium.

Irradiation with 254 nm Light

Labeled cells were harvested by centrifugation, washed once with unsupplemented M9
medium, and resuspended at 10® cells/ml in unsupplemented medium. 5 ml of cell suspen-
sion in a small Petri dish (6 cm in diameter) were exposed to 254 nm radiation from a germi-
cidal lamp at an incident exposure rate of 12 ergs-mm™ sec™! as measured by a Jagger (1961)
meter.

Incubation in Thymidine or Bromodeoxyuridine

After the 254-nm irradiation, glucose, Casamino acids, and factors required for growth
were added to the bacterial suspensions and the suspensions were incubated for 30 or 45
min at 37°C in the presence of 5 ug/ml unlabeled thymidine (dThd) or unlabeled bromo-
deoxyuridine (BrdUrd). The incubation was terminated by adding KCN to 0.01 M and cool-
ing to ice bath temperature. The number of pyrimidine dimers excised during the incubation
period was determined on a portion of the cells by the method of Carrier and Setlow (1971 a).

Irradiation with 313 nm Light

Cells incubated in dThd or BrdUrd were harvested by centrifugation, washed once, and re-
suspended at 10 cells/ml in M9 “buffer” (M9 without glucose) for the 15 TAU-bar strain
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and in Tris buffer (0.05 M, pH 8.0) for the K-12 strains. 0.2 ml of cell suspension in an ice-
cooled, quartz microcuvette (1 cm light path) was exposed to radiation centered at 313 nm.
The radiation was obtained from a quartz prism Hilger monochromator (Hilger & Watts,
Inc., Morton Grove, Ill.) illuminated by a 1000 w Philips high-pressure, mercury arc lamp
(Philips Electronic Instruments, Mount Vernon, N. Y.), and each slit had a width of 5 nm
band pass. The radiation was passed through a thin Mylar film (109 transmission at 308
nm, 1% at 306 nm) to eliminate any scattered shorter wavelengths. The average incident
exposure rate reaching the sample was 2.3 X 10% ergs-mm™2 sec™! as determined by a bolom-
eter (Yellow Springs Instrument Co., Yellow Springs, Ohio) calibrated against a standard
lamp (National Bureau of Standards, Washington, D. C.).

Sedimentation in Alkaline Sucrose Gradients

The technique of McGrath and Williams (1966) was used to estimate the sizes of single-
stranded DNA. Immediately after irradiation at 313 nm, the cells were prepared for lysis
by incubation of 15 TAU-bar with lysozyme for 5 min at 37°C (Fraser et al., 1957) or by the
addition of ethylenediaminetetraacetate (EDTA) (to 5 X 10~% M) to the K-12 suspensions
(Kato and Kondo, 1970). 50 ul of the treated cells were layered onto 0.2 ml of lysing solu-
tion (0.5 M NaOH, 0.05%, Sarkosyl), on top of a 3.6 ml gradient of 5-20%, sucrose, contain-
ing 0.5 M NaCl, 0.2 M NaOH, and 0.01 M EDTA. The gradients were allowed to stand at
room temperature for 30 min and then centrifuged at 20°C in an SW-56 rotor at 42,500 rpm
for 65 min (Beckman Model L ultracentrifuge, Beckman Instruments, Inc., Fullerton,
Calif.).

The distribution of radioactivity in the gradients was determined by puncturing the bottom
of the tube and collecting approximately 30 eight-drop fractions on Whatman No. 17 paper
strips (1 X 57 cm). This collection procedure is a modification by Carrier and Setlow (1971 b)
of the filter paper disk technique. The strips were washed in 5%, trichloroacetic acid, ethanol,
and acetone, and then dried. They were cut into sections and the acid-insoluble radioactiv-
ity determined by counting in a toluene-BBOT! scintillator. The data were treated as pre-
viously described (Regan et al., 1971). The output from the scintillation counter was punched
on paper tape that served as the input to a computer that plotted graphs of percentage of
radioactivity vs. distance sedimented. In separate experiments, we determined the relation
between distance sedimented and molecular weight by using phage T4 DNA as a standard.
The molecular weight was assumed proportional to (s0,,)?-® according to Studier’s (1965)
relation between molecular weight and sedimentation constant. This calibration was used
to calculate the number average molecular weights (M,) of the sedimented DNA with the
top and bottom three fractions of the gradient omitted from the calculation.

Photolysis of Fully Substituted DNA by 313 nm Radiation

Labeled BrUra-containing DNA was obtained by incubating 15 TAU-bar and K-12 (uvrt)
cells for 90 min at 37°C in the usual supplemented M9 medium but containing 7 uCi/ml of
5-bromo-2’-deoxyuridine-*H (12.7 Ci/mmole, Schwarz BioResearch, Inc.) and 10 ug/ml
of unlabeled BrdUrd instead of thymidine. The cell suspensions were then treated as in the
previous two sections. The 313 nm irradiation was carried out with a 500 w mercury arc
illuminating the monochromator, and the exposure rate through a thin Mylar film was 1.6 X
10? ergs-mm~2 sec™!. The alkaline sucrose centrifugations were at 40,000 rpm for 100 min.

1 BBOT = 2, 5-bis-2-(5-tert-butylbenzoxazolyl)-thiopene.
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RESULTS
Sensitivity of Repaired DNAs to 313 nm Radiation

BrUra-substituted DNA is more sensitive than unsubstituted DNA to the induc-
tion of single-strand breaks (or alkaline-labile bonds) by UV radiation (Hutchinson
and Hales, 1970; Lion, 1970; Hotz and Walser, 1970; Hewitt and Marburger, 1971).
Based on this observation, one would predict that DNA which has undergone re-
pair replication in the presence of BrdUrd would exhibit an increased sensitivity
to 313 nm radiation compared with cells that carry out repair replication in thymi-
dine. The following data show that this is indeed true. UV-irradiated cells were in-
cubated in the presence of dThd and then exposed to 313 nm radiation. With an
exposure of 10° ergs-mm™2 at 313 nm, the DNA from the excisionless, uvr—, K-12
strain (AB2500) had a number average molecular weight (M,,) of 45 X 10¢ daltons
(Fig. 1 a); the DNA from the uvr* strain had a M, of 35 X 10¢ daltons (Fig. 1 b).
Those UV-irradiated cells which were incubated in the presence of BrdUrd, how-
ever, showed an increased sensitivity to 313 nm radiation, as judged by the lower
My’s. M,’s from uvr~ and uvr* cells incubated in BrdUrd were 27 X 10¢ daltons
(Fig. 1a) and 10 X 10° daltons (Fig. 1b), respectively. The number of single-
strand breaks resulting from incubation in BrdUrd is calculated by subtracting
the breaks observed in cells incubated with dThd from those observed in the BrdUrd-
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2x10® 10® 107 2xi® 1° 0
A daltons daltons

PERCENTAGE OF RADIOACTIVITY

o8 06 04 02 08 06 04 02
DISTANCE SEDIMENTED

Ficure 1 Sedimentation profiles of DNA from UV-irradiated (300 ergs-mm?) E. coli
K-12 strains incubated in BrdUrd or dThd and subsequently exposed to 10¢ ergs-mm™ of
313 nm radiation. (@) uvr— cells, (6) uvr* cells. There were approximately 3000 cpm in
each gradient. dThd, 313 nm—; BrdUrd, 313 nm -—-; BrdUrd, no 313 nm — —.
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FiGure 2 The effect of 313 nm radiation on the number average molecular weight (M,)

of uvr- K-12 (g), uvrt K-12 (b), and 15 TAU-bar (¢) DNA. 300 ergs-mm=* of 254 nm

radiation plus BrdUrd (O) or dThd (@); 150 ergs-mm2 of 254 nm radiation plus BrdUrd

(A) or dThd (A); no UV plus BrdUrd (0O).

treated cells. For example, for UV-irradiated uvr* cells in dThd there were, after
313 nm irradiation, 103/(35 X 10%) = 2.9 breaks/10? daltons, whereas if incubated
in BrdUrd there were 108/(10 X 10%) = 10 breaks/108 daltons. Thus, incubation of
UV.irradiated cells in BrdUrd and subsequent exposure to 313 nm radiation re-
sulted in 7 single-strand breaks/10® daltons for the uvr+ cells and, by a similar
calculation, 1.5 single-strand breaks/10® daltons for the uvr— cells.

We interpret these data as follows: 313 nm treatment of UV-irradiated cells in-
cubated in dThd results in a small number of randomly induced single-strand
breaks in the DNA; however, incubation in the presence of BrdUrd followed by
exposure to 313 nm radiation results in the selective photolysis of BrUra-containing
repaired regions in addition to the random breaks. The source of the slight increase
in sensitivity obtained by incubating UV-irradiated, nonexcising cells in the pres-
ence of BrdUrd is not known. This increased sensitivity may be due to the occurrence
of a low level of repair replication not associated with the excision of pyrimidine
dimers (postreplication repair?), whereas the large increase in sensitivity to 313
nm radiation seems associated with the excision of dimers in the presence of BrdUrd.

A comparison of 313 nm sensitivities of DNAs from cells treated under various
conditions may be made by plotting 1/M,, vs. exposure to 313 nm radiation. It is
apparent that for the uvr+ K12 strain (Fig. 2 b) both the initial 254 nm dose and
incubation in the presence of BrdUrd are necessary to obtain the high sensitivity
to 313 nm radiation. In control experiments where either the 254 nm dose or the
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TABLE 1

FRACTION OF BrUra-CONTAINING REPAIRED REGIONS PHOTOLYZED
BY 313 nm RADIATION

No. of single-strand

Dose No. of breaks per 108 daltons in ) Ratio
E. coli of 254 nm pyrimidine BrUra repair-replicated  of single-strand
strain radiation dimers excised DNA after exposure breaks'to No. of
per 108 daltons* to 10% ergs-mm-2 at dimers
313 nmi excised§
ergs-mm™3
15 TAU-bar 300 40 5.5 0.10
K-12 (uvr+) 300 45 7 0.12
(AB2497) 150 25 4.5 0.14
K-12 (uvrA) 300 0 1.5
(AB2500) 150 0 1

* The numbers of pyrimidine dimers excised were calculated from the percentages of labeled
thymine occurring in dimers before and after incubation in the presence of BrdUrd. For ex-
ample, exposure of 15 TAU-bar to 300 ergs-mm™? at 254 nm resulted in the dimerization of
0.109%, of the labeled thymine. Based on the assumption that in E. coli DNA the ratio of T—
T:T—C:C—C = 5:4:1 (Setlow and Carrier, 1966), 0.10%, equals 56 dimers/10® daltons. After
incubation, only 0.0289, of the label in DNA occurred in dimers; therefore, 40 dimers/10?
daltons had been excised during the incubation.

} Number of single-strand breaks observed in BrdUrd-incubated cells minus the number of
breaks observed in cells incubated in thymidine.

§ The number of breaks measured for the uvr- strain was subtracted from the number observed
in the excising strains for equivalent 254 nm exposures. The net value was then divided by the
number of dimers excised per 108 daltons.

BrdUrd treatment was withheld, low levels of sensitivity were observed. Reductions
in M,’s for 15 TAU-bar DNA exposed to 313 nm radiation after repair replication
in the presence of BrdUrd or dThd (Fig. 2 ¢) are comparable to those obtained
with the uvrt K-12 strain.

The cellular DNA of the uvr— K-12 strain (Fig. 2 @) also exhibited low levels of
sensitivity to 313 nm radiation when the 254 nm or BrdUrd treatments were with-
held, and, as previously mentioned only a small increase in sensitivity when sub-
jected to both the UV and BrdUrd treatments.

The number of repaired regions selectively ruptured by a given dose of 313 nm
radiation (Table I, column 4) was calculated from data presented in Fig. 2. Since
photoreactivation abolishes the enhanced sensitivity of uvr+ cells incubated in
BrdUrd (see below), we assume that the number of repaired regions equals the
number of excised cyclobutane pyrimidine dimers. Thus we may calculate the num-
ber of BrUra residues per repaired region from the knowledge of the numbers of
dimers excised during post-UV incubation and the number of breaks per BrUra
residue per given exposure of 313 nm radiation. Breaking efficiencies were deter-
mined by 313 nm irradiation of cellular DNA fully substituted with BrUra.
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/M, x 10°

EXPOSURE TO 313 am (ergs- mmi2x 10°3)

Fioure 3 The effect of 313 nm radiation on the number average molecular weights (M,)
of E. coli DNA fully substituted with BrdUrd. 15 TAU-bar (@); uvr+ K-12 (O).

Sensitivity of Fully Substituted DNAs to 313 nm Radiation

E. coli 15 TAU-bar and the uvr+ K-12 strains were labeled by incubation for 90
min in BrdUrd-*H and subsequently exposed to 313 nm radiation (see Methods).

The labeled DNAs synthesized under these conditions were observed by isopycnic
CsCl centrifugations to be fully substituted (data not presented). The data shown
in Fig. 3 as 1/M, vs. exposure at 313 nm permit us to calculate the numbers of
strand breaks per BrUra residue per erg-mm™. For example, for the uvrt K-12
strain, the change in 1/M, per unit exposure is 25 X 10~2 mm?/dalton-erg. Thus,
1 erg-mm-~2 makes 25 breaks in 10 daltons or 1 break/4 X 10'° daltons. In such a
mass, there are 3.1 X 107 BrUra residues. The breakage sensitivity is the reciprocal
of this number or 3.2 X 10~ breaks/BrUra residue per erg-mm™2

A similar calculation for 15 TAU-bar gives a value of 1.8 X 1078 breaks/BrUra
residue per erg-mm™2. The difference between the two bacterial strains does not
indicate any intrinsic photochemical differences between the two DNAs, but rather
a difference in the amount of repair, or the decay of alkaline-labile regions, after
313 nm irradiation. Strain 15 TAU-bar was incubated at pH 7 for 5 min during the
treatment with lysozyme before the bacteria were layered on top of the alkaline
gradients. In this time there is appreciable loss of single-strand breaks or alkaline-
labile regions (unpublished data) as there is after X-irradiation of wild-type E.
coli strains (Town et al., 1971). Using the above sensitivities and the data presented
in Table I, we calculate (see Appendix) that each repaired region in E. coli contains
an average of 4-6 BrUTra residues.

Photoreactivation

Photoreactivation experiments were conducted to determine if the excision of
pyrimidine dimers is a major source of BrUra-containing repaired regions in E.
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TABLE 11

PHOTOREACTIVATION OF BrdUrd SENSITIZA-
TION IN UV-IRRADIATED E. COLI K-12 (uvr*)

M,
Treatment*
(a) ~313 nm (b) +313 nm
daltons (X 107%)}
1. No UV; no PR 96 76
2. No UV; PR 86 53
3. UV; no PR 90 36
4. UV; PR~ 93 46

* Treatments were before incubation in the presence of BrdUrd
and the resulting weight average molecular weights (M,)
were calculated after exposure to 10 ergs-mm= at 313 nm.
Cells were labeled with thymidine-*H (see Methods), resus-
pended in M9 buffer, and exposed to 200 ergs-mm™ of 254 nm rad-
iation. Half of the irradiated cells were held for 20 min at room tem-
perature, and the remainder were exposed for 20 min, also at
room temperature, to 405 nm radiation (exposure rate = 8 X 103
ergs-mm~? min—1.) The 405 nm radiation was obtained from a
Hilger monochromator illuminated by a 500 w mercury arc.
The radiation was passed through a thick Mylar film to elimi-
nate any scattered shorter wavelengths. Photoreactivated and
nonphotoreactivated cells were incubated in the presence of
BrdUrd for 45 min before exposure to 313 nm radiation (see
Methods).

} Weight average molecular weights were calculated for these
experiments since the photoreactivation treatment resulted in
a nonrandom breakdown of the DNA upon exposure to 313 nm
radiation and small fluctuations near the tops of the gradients
would give large errors in M, .

coli. Cyclobutane pyrimidine dimers are presumably the only photoproduct altered
by photoreactivation (Setlow, 1968).

The data in Table IT (column a) show that the photoreactivation procedure itself
did not result in a significant change in weight average molecular weights (M,,)
for either irradiated or unirradiated cells. Photoreactivation treatment of unirradi-
ated cells followed by incubation in the presence of BrdUrd did result in a decrease
(reason unknown) in M, upon exposure to 313 nm radiation (column b, line 2).
The opposite effect, however, was observed for UV-irradiated cells; photoreactiva-
tion, followed by incubation with BrdUrd, resulted in a decreased sensitivity to
313 nm radiation (column b, line 4). Correcting for the decrease in molecular weights
observed in unirradiated cells, we calculate that the number of single-strand breaks
per 10® daltons weight average in UV-irradiated cells as

5 1 1 _
10 (36 X 1068 76 X 106) =15
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without photoreactivation and as

s 1 1 B
10 (46 X 108 53 X 106) =03

with photoreactivation. Thus photoreactivation appears to have reduced the sensi-
tivity to 313 nm radiation by 80 % for UV-irradiated cells incubated with BrdUrd.
The photoreactivating treatment reduced the number of pyrimidine dimers present
in DNA by 65% (from 0.05% labeled thymine in dimers to 0.017 %). Therefore
we assume despite the large errors in this experiment that the excision of pyrimidine
dimers is the major source of BrUra-containing repaired regions selectively photo-
lyzed by 313 nm radiation.

DISCUSSION

The data demonstrate that the DNA of excising strains of E. coli that are incubated
after UV irradiation in the presence of BrdUrd exhibits an increased sensitivity
to breakdown by 313 nm radiation. Our interpretation is that the BrdUrd is in-
serted by repair replication into the single-strand gaps which result from the ex-
cision of pyrimidine dimers and that upon exposure to 313 nm radiation these
BrUra-substituted regions are selectively photolyzed.

The data (Table I) on the number of repaired regions ruptured by a given ex-
posure to 313 nm radiation and the breaking sensitivities toward 313 nm radiation
of BrUra-substituted DNA (Fig. 3) have allowed us to calculate the average size
of the repaired regions in E. coli. For each pyrimidine dimer excised, 4-6 BrUra
residues are incorporated into parental DNA. Since E. coli DNA contains 25%
thymidine, the presence of 4-6 BrUra residues implies the incorporation of approxi-
mately 12-20 nucleotides per repaired region; however, since intracellular pools of
thymidine may compete with BrdUrd for incorporation into repaired regions, the
value of 12-20 nucleotides incorporated per dimer excised is a minimum number.

The following experiment was performed to determine the effect of intracellular
pools of thymidine on the level of BrdUrd incorporation. UV-irradiated cells
(150 ergs-mm~2) were incubated at 37°C for 45 min in labeled BrdUrd (total con-
centration, 5 pg/ml), and the level of substitution in semiconservatively replicated
DNA determined by CsCl density centrifugation (Billen et al., 1965). The 15 TAU-
bar and uvr+ K-12 strains treated in this manner exhibited BrUra substitution
levels of 90 and 75 %, respectively (data not shown). It cannot be assumed that
these observed levels of substitution also occur in the repair-replicated regions
because Kanner and Hanawalt (1968) showed that the repair polymerase is selec-
tive for thymine over BrUra by a factor of 2.5-4 as compared with the normal
replication processes. Even so, if this factor is applicable to repair replication ex-
periments using BrdUrd, the repaired regions in E. coli would be expected to con-
tain ~50% BrUra based on the substitution levels observed in normal replication
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after UV irradiation. Therefore, the value of 12-20 nucleotides incorporated for
each pyrimidine dimer excised is probably not in error by more than a factor of 2
because of intracellular pools of thymidine.

Other Estimated Values for the Sizes of Repaired Regions

Pettijohn and Hanawalt (1964), using isopycnic CsCl centrifugations, observed
1% BrUra substitution in 15 TAU-bar DNA after a 254 nm incident exposure of
500 ergs-mm~2 and incubation with BrUra. Using the data of others for the num-
ber of pyrimidine dimers formed, and assuming that all dimers were excised, they
calculated that approximately 20 nucleotides were incorporated for each dimer
excised.

Billen (1968) reported that 2% of the parental DNA of E. coli strain B/r was
replaced by repair replication after a 254 nm exposure of 200 ergs-mm™2. Based on
our data, 40 dimers/108 daltons are formed by this dose and are excised during
the period observed. Thus 2% replacement would represent an average of 140
nucleotides incorporated per repaired region.

Both the BrUra photolysis method and the isopycnic centrifugation technique
give average sizes for the repair-replicated regions. If, however, the sizes of the re-
paired regions varied widely as indicated by Cooper and Hanawalt (1971), the
averages determined by the BrUra photolysis method and the isopycnic centrifuga-
tion technique would be different. For example, if 1% of the repaired regions were
made 100-fold as large as the remainder, this change would increase the average
size, as determined by isopycnic centrifugation, by ~100 % but would only increase
the size estimated by BrUra photolysis by ~10% at the 313 nm exposures we have
used.

Sources of Error and Uncertainty in the BrUra Photolysis Determination

Three readily apparent sources of error exist in determining the magnitude of
repair replication in E. coli by the BrUra photolysis method:

(a) To determine the number of repaired regions ruptured by 313 nm radiation
requires measuring a reduction in single-strand molecular weight of repair-replicated
DNA. The molecular weights calculated for DNAs which have not sedimented
out of the upper one-third of the alkaline sucrose gradient (M, less than 15 X
10 daltons) may be in error by as much as twofold. Therefore, the calculated
number of repaired regions ruptured may be in error by a factor of 2.

(b) The total number of nucleotides incorporated per repaired region may be
found from the number of BrUra residues per repaired region only if the level
of BrUra substitution in the repaired region is known. This source of uncertainty
has been considered above.

(c) We have assumed that the number of repaired regions in the DNA was equal
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to the observed number of pyrimidine dimers excised. If photoproducts other than
pyrimidine dimers are also excised, the number of repaired regions will be higher
than the value used for our calculations, and the calculated sizes will be too large.
The photoreactivation data in Table II indicate that this assumption does not in-
troduce a large error.

The BrUra photolysis method offers a rapid means of detecting repair replica-
tion in E. coli, mammalian cells (Regan et al., 1971), and presumably other cellular
systems, in spite of errors which do exist in making quantitative measurements.
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APPENDIX
Calculation of Numbers of BrUra Residues in Repaired Regions

The number of repaired regions photolyzed in Table I can be used in conjunction with the
breaking efficiencies of 313 nm radiation on BrUra-substituted DNA (Fig. 3) to calculate
the number of BrUra residues per repaired region.

The probability (P) of a break occurring in a repaired region is equal to 1 — e *¥2,
where k& = breaking efficiency, N = number of BrUra residues per repaired region, and
D = dose of 313 nm radiation. For 15 TAU-bar, the observed probability of 10¢ ergs.- mm™—2
photolyzing a repaired region equals 0.10 (Table I) and therefore kND = 0.105. Since k =
1.8 X 10~® breaks/BrUra residues per erg-mm— (Fig. 3) N = 6 BrUra residues per re-
paired region. Similarly for the K-12 (uvrt) strain, where P = 0.12 (300 ergs-mm— at
254 nm) and k = 3.2 X 1078, N = 4; and where P = 0.14 (150 ergs-mm—* at 254 nm),
N = 45, Thus, 4-6 BrUra residues are incorporated into E. coli parental DNA for each
pyrimidine dimer excised.
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