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INTRODUCTION

An x-ray sensitive mutant, Escherichis coli NG30, isolated by

LY
Kato and Kondo from strain H/r30 is highly sensitive to ultraviolet
1)
light, too, and the phenomenon of extensive degradation of cellular
2,3)
DNA after ultraviolet irradiation has been reported. Kato and
3

Kondo have also found that the E. coli NG30 has the following two
gemetic characters ; A very low gemetic recombimation frequency in
the erosses with Hfr strain Bl of E. coli B amd a very low rate of
prophage ( ¢80 ) induction by ultraviolet irradiation, as compared

with that of the wild-type strain, E. coli H/r30-R. From the

above biochemical and genetic analyses, the radiosemsitive E. coli
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NG30 was classified phenotypically as a mutant belonging to the RecA
type in the three types of recombination-deficient mutants of E. coli
4,5)
Kl2.
RecA” mutants of E. coli K12, as well as NG30, are also highly

4-8)
sensitive to ultraviolet light and shows an extensive degradation of

‘ 57 8-12)
cellular DFA by ultraviolet irradiation. It is sure that there is
a close relationship between the marked ultravliolet sensitivity and
the distinctive nature with extensive DNA degradation by ultraviolet
irradiation in the RecA mutants.
2)

Clark, Chamberlin, Boyce and Howard-Flanders, and Howard-Flanders
. 13)
afid Boyce postulated that the post-irradiation degradation of DNA
in RecA” mutants would be induced by the single-strand gaps in DNA
molecules which were produced by incomplete dark repair events.

10,11)

Horii and Suzuki showed recently that the ultraviolet-induced
DNA degradation of a RecA  mutant of E. coll K12, JC 1569b, occurs
on a special DFA portion involving DNA replicating point, because
the pulse-labeled DNA region begins to degradate prior to the deg-
radation of pulse-labeled and chased DNA regionm in growing cells.

hey suggested that the replicating poinmt is a sensitive sité for

irradiation, because the dark repair of pyrimidine dimers or the

(2)



replication of DNA must be controled by certain mechanism im order
that the replicating poimt does mot runm across the site umder the
repair.

The experimental results and speculatioms by the above authorslqﬂA)
might meam that the DNA portiom far from the replicating point
‘would not begin to degradate umtil the replicatimg poimt reaches
to the pyrimidine dimers on the DNA portiom, or umtil the degrada-
tion initially occured on the replicating point comes along the DNA
strand to the damage of the‘DNA portion.

However, we have observed preliminary that E. coli NG30 under
the conditions considered to be absent of DNA replication is also
very sensitive to ultraviolet irradiation amd a marked degradation
of cellular DRA occurs, too, after ultraviolet irradiation.

Although the mechanism of degradation of the chromosome involving
replicating poimt must not be the same to that of the chromosome
without DNA replication, it is very interestimg to investigate the
degradation of DRA by ultraviolet irradiation of the cells without
DEA replication, especlially to make clear the correlation between the
fragmentation or degradation of DNA molecules amd the early events

operating to the pyrimidine dimers on DNA molecules.

(3)



The present experimental resulis will make evident that, there
is an extensive post-irradiatiom degradation of DNA in the chromosome,
too, not involving the replicating point and the initial cause for
the degradation is the single strand gap resulted from the excision
of pyrimidine dimers which is the first step of dark repair process

for ultraviolet damage on DNA molecules.

MATERIALS AND METHODS

Bacterial strains amd media

The bacterial strains used in the present experiments were E.

coli NG30 ( recAuvr' ), KG30uvrC ( recAuvrC, double mutant ) and

the wild-type strain, H/r30-R ( rec’uvr® ). All of them were argi-
3)

nine-requiring mutants. They were kindly provided by Drs. T. Kato

and S. Kondo in the Department of Fundamental Radiology, School of

Medicine, Osaka University. The cells were grown at 37°c with

aeration by shaking in M9 medium supplemented with 2.5 mg/ml of

Difco casamino acids ( denoted as EM9 ). The M9 medium contained

the following ingredients per 1,000 ml of water ( pH 7.2 ) : 1.1 %

(&)



NaZHPOA, 0.3 % KHéPOu, 0.5 % NaCl, 0.1 % EHACI, 0.4 % glucose, 10 ml
0.01 M Ca012 and 10 ml 0.1 M.Hgsok. One gemerationm time of E. coli

RG30 was about 60 min in EM9 medium at 3290.

Ultraviolet irradiation

The suspenéion of bacteria was spread in a Petri dish to a
depth of 1 mm and irradiated with a germicidal lamp ( Mitsubishi GKL~
10, 10 W ) with gentle shaking at room temperature. The concent-
ration of bacteria for irradiation was usually about 6 X 10? cells/ml.
The dose rates used were 2 ergs/mmg/sec and 20 engs/mn?/sea. The
intensity of ultraviolet light was determined with a Toshiba UV photo-
meter ( Toshiba Elect. Co., GI-1, Japan ), which was corrected by

Dr. Laterjet's UV-photometer.

Analysis of DNA synthesis of bacteria under various conditions
8

Cells were grown in EM9 medium to approximately 3 X 10~ cells/ml,
washed twice and resuspended im five times the volume of M9 medium.
The cultures in 5 ml were them supplemented with 3 pC/3pg/ml of

[H}]-thymidine and 200 pg/ml of deoxyademosine. In order to pro-

vide two kinds of cell conditions, growth condition and amino acid-

( 5)



starved condition, they were divided into two portioms and then incu-
bated at 37°C with or without 2.5 mg/ml of casamino acids. At
regular interwvals, 0.2 ml of the cultures was takenm imto the ice-

cold 5 % trichloroacetic acid ( TCA ). The acid-insoluble fractioms
were collected on glass fiber filters ( Toyo GB 100, Japan ), washed
and dried. The radiocactivity of the fraction was counted using a
Liquid Scintillation Counter ( Nuclear Chicago Mark I, U.S.A. ) in a
toluene-DPO~POPOP mixture. In the experiments of DNA synthesis

in the presence of chloramphenicol ( CM ), the bacterial cells werse

incubated with the[Hj_]-thymidine at 37°C in the presence of CM.

Measurement of DNA degradation

l. Analysis by acid-insoluble materials

The measurement of post-irradlation degradation of DNA by the
change of amount of acid-insoluble materials in the cells under a
growth condition was carried out as follows ; Bacterial cells cultured
overnight were diluted forty fold with the fresh EM9 medium suPPle-
mented with 3.3% pC/3 pg/ml of[?%]—thymidins and 200 yg/ml of deoxy-
adenosine. The cell suspension was incubated aerobically for 2 hr

at 37°c. The cells were harvested, washed three times, resuspended
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in five times volume of the EM9 medium and irradiated with different
doses of ultraviolet light at room temperature. The non-labeled
thymidine was added to the irradiated cultures in a concentration

of 100 pg/ml, amd 0.2 ml was withdrawn from the cultures into the
ice-cold 5 % TCA at regular intervals through the post-irradiation
incubation at 37°C. The acid-insoluble fractions were collected
on glase-fiber filters, dried and counted using a Liquid Scintillation
Counter. The degree of DNA degradation in the cells through the
post-irradiation incubation was indicated as per cent of radiocactive
counts in the acid-insoluble fractions of the cells withdrawn
immediately after irradiation without incubatien.

The measurement of DNA degradation in the amimo acid-starved
cells was carried out aé follows ;[n%]-thymidine-laheled cells in
exponential growth phase were washed twice with M9 medium containing
no amino acid, resuspended with five times volume of the M9 and
incubated at 37°C for 90 min to starve the cells from amino acids.
The amino acid-starved cells were irradiated wi;h different doses
of ultraviolet light. The experimental procedures after the irr-
adlation were the same as described above.

In the experiments for DNA degradation of CM-treated cells, the
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washed cells labeled with[H”|-thymidine were imcubated at 37°C for
90 min im EM9 with 50 pg/ml of CM and then irradiated with ultra-
violet light.

The cells with DNA molecules labeled with[H>)-thymidine onm
their different DEA region were prepared. The cells having DNA
strands labeled only near the imitiationm point of DNA replication
including the point were called as the cells containing labeled
" early region " of DNA. The cells having DNA labeled only far
region from the imitiatiom point of DNA replicatlion were called as
the cella containing labeled " late regiom "™ of DNA.’ The former
cells were prepared as follows ; The cells starved amino acids for
90 min were supplemented with 2.5 mg/ml of casamino acids, 10 pC/ml
of[§31-thymidine and 200 pg/ml of deoxyadenosine to allow to imitiate
the DNA replication. After incubation at 37°C for 20 min, the
label was chased with a large amount of non-labeled thymidine and
the cells were incubated for more 80 min with 50 pg/ml. In order
to prepare the latter, the amino acid-starved cells were supple~-
mented first with casamino acids alone and incubated at 37°C for 20
min, and then]ﬁjj-thymidine, deoxyadenosine and CM were added to the

cell suspension in the comcentration of 10 pC/ml, 200 pg/nl and

(8)



50 pg/ml, respectiwvely. then the cells were incubated for 80
min at 3?°C. The experimental methods for the measurement of
post-irradiation degradation of DRA in the cells labeled in differ-

ent DNA reglon were essentially the same as described above.

2. Sedimentation analysis by alkalime sucrose-demsity gradient

The post-irradiation degradation of DNA was also amalyzed by
sedimentation techniques. The sedimentation analysis of DNA mole-
cules in alkalime sucrose gradient was carried out essentially in
the same methods as described by McGrath and w1lliams%4> The cells
were harvested by a centrifugation at 6,000 rev./min for 5 min
and resuspended in 0.01 M Tris-HCl buffer ( pH 8.1 ) con@aining
14 % sucrose and 0.01 M EDTA. The cell suspension was incubated
at 3?°C for 5 min with 1 mg/ml of lysozyme to convert the cells
into the spheroplasts. The spheroplasts in 0.1 ml of suspension
were placed on the layer of 0.5 N NaOH ( 0.2 ml ) which had been
layered on a linear gradient of sucrose ( 5 - 20 % in 4.4 ml )
dissolved im O.2 N NaOH, 0.7 M NaCl and 0.001 M EDTA. Usually,

6

about 3 X 10~ spheroplasts were placed on the gradiemt. The

samples were centrifuged for 90 min at 30,000 rev./min at 4°C in

(9)



a swinging bucket rotor ( RPS-40 ) of Hitachl Preparative Ultra-
centrifuge ( Japan ). After the centrifugation, two-drop fractions
were collected from the bottom of the centrifuge tube pierced with

a thin needle on pieces of filter paper ( Toyo Ko. 7 ). The pieces
were suscessively washed with 5 % TCA, 95 % ethanol and ether, and
then dried. Radioactivity on the paper was counted using a Liquid

Scintillation Counter in a toluene-DPO~-POPOP mixture.

Measurement of pyrimidine dimers

Measurement of pyrimidine dimers in DNA molecules was carried
out as follows ;[H?]-thymidine-labeled'cells were irradiated with
ultraviolet light. The cells were precipitated and washed twice
with 5 % TCA. The precipltates were them washed with 10 ml each
of 80 % ethanol, 99 % ethamol and a mixture of ethamol and ether
(1: 1), successively by centrifugation. The washed precipitates
were dispersed in 1 ml of 5 ¥ TCA and incubated in a water bath at
95°C for 30 min. The extracts containing labeled DNA were treated
with ether repeatedly three times to remove the TCA }rom the extracts
and then concentrated to about 0.1 ml by ewsporation. The DNA

solution was hydrolyzed with 99 % formic acid for 15 min at 175 -

(10)



180°C in a sealed glass tube saturated with nitrogen gas. The
hydrolysates were applied on a paper strip ( Toyo No. 51, 2 X 40
cm ) and developed with a mixture of n-butanol-acetic acid-water
15)
( 80 : 12 : 30 ) at room temperature by ascending chromatography.
In the present system for chromatography, the Rf values of thymine,
thymine dimer and thymine-uracil dimer were 0.6, 0.3 and 0.2,
respectively.

The measurement of pyrimidine dimers released from the irra-
diated cells into acid-soluble fraction during post-irradiation
incubation was also carried out by essentially the saﬁe procedures
as described above. Materials in the acid~soluble fractionms
were hydrolyzed with formic acid amd chromatographed by paper.

The amounts of labeled nucleotides amd oligonucleotides includ-
ing pyrimidine dimers in the acid-soluble fractions extracted from
irradiated cells were measured. The acld-extracted materials
were charged into Dowex-1 ( ClL~ type, X 8, 200 - 400 mesh ).column
(1l X2.5cm ) and eluted stepwise with water amd them with 0.5 ¥

HC1. Labeled nucleosides are eluted by the former step amd all

of the labeled nucleotides are eluted by the latter step.

(11)



Other remarks

Lysozyme ( E. C. 3. 2. 1. 17 ) was purchased from Sigma Chemical
Co. Ltd. ( U.S.A. ). [B°]-thymidine was obtaind from Japan Radio-
active Isotope Corporation ( Pokyo ).

RESULTS

Dose-survival curves of E. coli H/r30-R amd KG30 irradiated with

ultraviolet light

Cells of E. ecoli H/r30-R amd NG30 in growth phase, stationary
phase, starved condition for amino acids or a condition pre-incubated
with CM were irradiated with ultraviolet 1light, respectively, and
the colony formimg abilities were examined. The numbers of colony

were plotted against ultraviolet dose used in Fig. 1.

( Fig. 1)

It was shown that E. coli NKG30, ewem if the cells were in differ-

ent physiological conditions, was still highly semnsitive to ultra-
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violet light as compared with the wild-type strain H/r30-R, although
the E. coli NG30 in stationary phase, amino acid-starvation comdition
or pre-incubated condition with CM was a little less sensitive in

every case than the cells in growing phase.

Degradation of DNA of E. coli RG30 in growing phase after ultraviolet

irradiation

The mode of DNA degradation in growing phase of E. coli NG30
after ultraviﬁlet irradiation was investigated. The cells, of
which DNA was uniformally labeled withEH?]-thymidine, wefe washed
and resuspended in EM9 medium. The cultmres were incubated at 37°C
in the same medium after ultraviolet irradiation. The doses used
were 20, 100 and 400 erga/mma. The remaining radiocactivity im the
acid-insoluble fractions was determined as described in Materials

and Methods. The results are shown in Fig. 2.
( Fig. 2 )

It was shown that the radioactiwity in the acid-insoluble frac-

tions was rapidly decreased during the post-irradiation incubation

(13)



in each case. However, it was also known that there was mo linear
relationship Between the rate of degradatiom and the ultraviolet dose,
and when the cells in growing phase were irradliated, even only by a
small dose of 20 ergs/mma resulted am extensive degradation of DNA.

A marked spontaneous degradation of DNA of unirradiated cells was

also observed.

Stoppage of DNA replication by amino acid-starwation and by chloram-

phenicol

The DNA replication during amino acid~starvation was examined
through the incorporation oflﬁsl-thymidine into acid-insoluble frac-

tions. Fig. 3 shows that the rate of incorporation of the label

(Fig.}a, b )

in the amino acld-starved conditions are slowly decreased initially
with the time of incubation and finally completely stopped by about
90 min incubation in both strains.

The restoration of DNA replication was also shown in Fig. 3b.

When the starved cells of NG30 were transfered from the M9 medium

(14 )



to the EM9 medium, the rate of incorporation of label rose quickly
to nearly the same rate of DNA replication of the cells supplemented
with amino acids.

Fig. 4 shows that the chloramphenicol stops completely the DNA
replication of the cells, E. coli NG30, even if the amino acids were
abundantly present in the médium, by the incubation with the drug

for about 60 - 70 min as well as the case of amino acid-starvation.

( Pig. 4 ).

Degradation of DNA of E. coli NG30 after ultraviolet irradiation in

the absence of DRA replication

a, Correlation between degradation rate and ultraviolet dose

The degradation of DNA of E. eoli NG30 after ultraviolet irra-
diation in the absemce of DNA replication was examined. The cells
were starved amino acids by the incubation for 90 min in M9 medium
and then irradiated with differentvdoses of nltraviolet light.

The mode of the loss of radiocactivity from the acid-insoluble frac-
tionms in the course of time incubation at 37°C im M9 medium are

shown in Fig. 5.

(15)



( Pig. S a, b )

It is obvious in Fig. Sa that the DRA of the cells, E. coli NG30
in which any DNA replication has been ceased is also extemsiwvely
degradated as well as the case of cells in growing-phése, although
the degradatiom rate, especlially at the low doses, is smaller than
that in growing cells having replicating poimt ( Reffer Fig. 2 ).

The spontaneous degradation of DNA is also less in the starved cells
than the growing cells.

gdowever, the rate of DNA degradation in this physiological state
of NG30 seemed to correspond more well to the ultraviolet dose than
that in growing cells.

The results in Fig. 5b were shown as reference data. The
post-irradiation degradation of DFA in amino acid-starved E. coli
H/r30-R and E. goli B, were shown. Only a limitted degradation
was observed in E. coli H/r30-R irradiated with 1,000 ergs/mma.

It is sure that the phenomena are related to the ability of excision-
repair systems functiomirg om the ultraviolet damage to DNA mole-

cules, since E. coli Bs-l which lacks the ability to excise pyri-

(16 )



16)
midine dimers exhibits no DNA degradation.

The DNA degradation during the post-irradiation incubation of
E. coli NG30 of which DNA replicatiom had been stopped by the pre-

incubation for 90 min in the presence of CM is shown in Fig. 6.

It was also shown that the DNA of E. coli NG30 broke rapidly
down in course of time of incubation as the case of amino acid-
starved cells. The rates of degradation correlated well to the

ultraviolet doses.

b, Comparison of post-irradiation degradation of DNA im E. coli KG30

labeled in different DNA regions

The experiments were desigmed to study whether or not the post-
irradiation degradation of DNA might begin at a some specific point
even 1f the DRA had no replicating point. Two kinds of cells
of’g, coli NG30 labeled in differemt DNA region ( " early regiom "
and " late region " ; see Hnter{gls amd Methods ) were prepared.

The loss of radioactivity from ﬁhe acid-insoluble fractioms was

(17)



respectively determined in these two kinds of cells, and the rates.
of post-irradiation degradation of labeled DNA region were compared

each other. The results were shown in Fig. 7.

( Fige 7 a, b )

The quite analogous results were foumd in the both experiments.
The rates of post-irradiation of DNA by the same ultraviolet dose
were nearly equal to each other in both DNA regioms. These results
indicate that the post-irradiation degradation of DNA of E. coli
NG30 in the absence of DNA replication does nmot be induced at a spe-
cific site in DNA molecules but can begin at many sites of DNA at the

same time,

c. Degradation of DNA of E. coli NG30uvrC after ultraviolet irradia-

tion
In order to know the contribution of dimer-excising phenomena
to the post-irradiation degradation of cellular DNA, the degradation

of DRA of a double mutant in recA and uvrC was examined. E. coli

!ﬂ@ﬂ!ﬂg&"which~is lacking or leaky in the ability of dimer exeision

(18)



was used. The experimental results of DNA degradation during post-
irradiation incubation of the cells irradiated with various ultra-

violet doses were shown in Fig. 8.

( Fig. 8 )

It was found that the post-irradiation DNA degradation of E. coli
KEG30 was markedly suppressed by the additional mutation of uvrcC.
However, it was also known that a significant degradation of DNA was
still occured in the cells of E. coli NG3OuvrC.

The amounts of dimers in the DNA of the cells incubated for 60
and 120 min after ultraviolet irradiation of 400 ergs/nm? were
measured, respevtively. Fig. 9a shows the paperchromatograms indi-
cating the time-dependent decrease of the amount of pyrimidine dimers
during post-irradiation incubatiom of E. eoli NG3O. The results

by E. coli NG30uvrC were showmn in Fig. 9b.

( Fig. 9 a, b))

A decrecase of pyrimidine dimers from the DNA in accordance with

(19)



the time of post-irradiation incubation was apparemt in E. coli NG3O0,

but no removal of pyrimidine dimers from the DNA of E. coli KG3OuvrC

were significantly detected.

d, Effect of caffeine on the DNA degradation in E. coli RG30

The effect of caffeinme on the DNA degradation im the cells of
E. coli NG30 following ultraviolet irradiation was studied. Caffeine
was added to the cultures immediately before irradiation of 400

ergs/mma. The results are shown in Fig. 10.

( Fig. 10 )

The degradation of DNA of E. coli NG30 during post-irradiation
incubation was inhibited in accordance~with the increased concent-

ration of caffeine.

It was confirmed from the above all experimental results that
the radiosemsitive bacteria, E. goli NG30, show a marked post-irra-
diation degradation of DNA even if the ¢ells were not in growing

phase but in a resting condition in which there is no DNA replica-
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tion. In addition, the above experimemtal results allowed also us
to assume that the. post-~irradiation degradation of DFA must be caused
by the excision of pyrimidime dimers produced in ultraviolet-irra-
diated DNA.

If the degradation of DNA of E. coli NG}O was directly related
to the excision of pyrimidime dimers, fragmemtation of DNA should be
accompanied with the release of dim&rs from the DNA, which produces
single-strand gaps inm DNA strands, followed by progressive degrada-

tion of DNA molecules.

Analysis of degradation by sedimentation profiles of DNA in alkaline

sucrose-~density gradient

The patterns of DNA in the cells of E. coli NG30 in a condition
without DNA replication were amalyzed in an alkaline sucrose gradient
in relation to the post-irradiation degfadatiqn of DNA depending to
the ultraviolet doses and/or to the time of post-irradiation incuba-

tion.

a, Initial fragmentatiom of DNA by excision of pyrimidinme dimers

The amino acid-starwed cells labeled with[H|-thymidime were

(21)



prepared, The cells irradiated with 200 and 1,000 ergs/mm2

respectively, and allowed to incubate only for 5 min in M9 mediunm
at 3700 were harvééted’in ice-cold temperature, lysed by lysozyme
and centrifuged in alkaline sucrose-density gradient. The sedi-

mentation profiles were shown in Fig. 1l.
( Fig. 11 a, b )

It was seen that the main peak of DNA distribution was shifted
more to the smaller size of DNA in correspondence to the increase
of ultraviolet dose even in the radioresistant cells of H/r30-R.
The shifting rates of the DNA peak from the peak of unirradiated
cells were nearly the same each other in both strainms.

The facts indicate strongly that the initial events followed
by extensive degradatiom of DNA in E. coli NG30 during the post-
irradiation incubation is the removal of pyrimidine dimers from the

irradiated DNA resulting in single strand gaps in the DNA molecules,

b. Post-irradiation degradation of DNA im E. coll RKG30 in corres-

pondence to ultraviolet doses

¢ 22 )



The amino acid-starved E. coli NG30 cells were irradiated with
different doses of ultraviolet light. The &ells were then incuba-
ted for 20 min at 37°C in the M9 medium,. The patterns of the DNA
of the cells were compared in relation to the ultraviolet dose.

The results were shown in Fig. 12.

( Fig. 12 )

It is known that the main peak of DNA distribution was shifted
more to the small size of DNA in correspodemce to the increase of
ultraviolet dose, and that the distributiom of DNA becomes broad as
compared with that of nom-irradiated cells.

The mean size of easéh DNA distribution shown in Fig. 12 was
compared with that of non-irradiated cells. The relative valués
of number average molecular weight of DNA of the each distribution

17)
were calculated usinmg Kapp and Smith's formula "assuming the mole~-
cular weight of DNA from non-irradiated cells as 1. The wvalues
2

were 0.72, 0.57, 0.37 amd 0.26, for 100, 200, 400 and 1,000 ergs/mm;

respectively.

(a23)



C. Deggadation.of DNA in E. coli NG30 during post-irradiation incu-

bation

E. coli FG30 amd H/r30-R were used. The cellas starved amimo
acids were irradiated with 200 or 1,000 ergs/mm2 and then incubated
at 37“0 for 20 and 120 min in the M9 medium. The lysed cells were
centrifuged as before. The sedimentatiom profiles are shown in

Fig. 153.

( Fig. 13 a, b, ¢ )

It was found that the degradation of DRA im the irradiated
E. coli NG30 progressed only into shorter fragment of DNA in cerres-
pondnece to the time course of post-irradiation incubatiomn. ( Fig.
13 b and ¢ ) Both the molecular size of DNA strand and the acid-
precipitable amounts of DNA at the post-irradiation incubatiom of
120 min are smaller than those at the time of 20 min. This pheno~
menon is more distinct in the cells irradiated with 1,000 ergs/mm?
than the cells with 200 ergs/mm<.

On the contrary, in E. eoli H/r30-R ( Fig. 13 c ), it was knowm

that, although the irradiation with 1,000 ergs/mm® resulted in a

( 24 )



small size of DNA strands in alkaline condition at 5 min incubation,
the DNA molecules did not continue to break down into small pieces
but recovered almost to the molecular size of DNA in non-irradiated
cells during the post-irradiation incubation for 20 min.

The change in molecular size of DNA in E. coli NG30 in course
of time of post-irradiation incubation was summarized in Table I.
The molecular size of the main peak in DNA distribution was represented

as a distance from the meniscus in alkaline sucrose gradient.

( Table I )

Release of pyrimidine dimers from irradiated E. coli KG30 into acid-

so0luble fraction

In order to make sure the hypothesis that the initial event
for the induction of DNA degradatiom in ultraviolet-irradiated E. coli
NG30 is the fragmemtation of DNA caused by removal of pyrimidine
dimers from DNA molecules, the cells were irradiated with wvarious
doses of ultraviolet light and the labeled nucleotides in the acid-
soluble fraction extracted from the cells incubated for 5 min after

ultraviolet irradiation were measured by column chromatographic tedh-

(25)



niques. The amounts of label were plotted against ultraviolet

dose in Fig. 14.

( Fig. 14 )

It is clear that the removael of pyrimidine dimers from the
ultraviolet-irradiated DNA occurs as an early event for the post-
irradiation degradation of DNA of E. coli RG30, and that the release
of dimers is more in accordance with the increase of ultraviolet
dose.

The released pyrimidine dimers were detected by papmr-chromato-
graphy in the acid-soluble fractions extracted from the cells incu-
bated for 5 min after ultraviolet irradiation by a dose of 2,220

ergs/mm?. The results were shown in Fig. 15.
( Fig. 15)
It is apparemt that the acid-soluble fractioms of E. coli NG30

contains pyrimidime dimers excised from the hNA, even when the

fractions were prepared from the cells incubated for only 5 min
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after ultraviolet irradiation.

From the above all experimental results, it can be concluded
that the extensive post-irradiation degradation of DNA in E. coli
KG30 is induced by a progressive DNA degradation expamding indipendent-
ly from completing the repair of single-strand gaps in DNA molecules

produced by removal of pyrimidine dimers.

DISCUSSION

The present experiments cleared that a recombination-deficient
mutant, E. coli NG30, is very sensitive to ultraviolet irradiation
and a degradation of cellular DNA occurs extensively after ultra-
violet irradiation, even when there is no DNA replication im the
cells.

18)

Maalee and Hanawalt have reported that, although amino acid-

starvation allows to complete the presemt cycle of DNA replication

to the starved cells, it mever allows to initiate the mext cycle

of DNA replication. It is apparemt, from the experimemtal results

( 27)



about the imcorporation of[ﬁBJ—thymidine into acid«insoluble materials,
that the present experimental conditions, that is, imcubating the cells
in M9 medium or incubation with chloramphenicol, block completely

to reinitiate the new cycle of DNA replication in E. ¢coli NG30.

The phenomenon that the DNA molecules of E. coli KG30 in which
there is no DNA replication were also extensively brokem down by
post-irradiation incubation as in the growing cells in which the DNA
continues to replicate was confirmed by the rapid decrease in the
amount of acid-precipitable labels and by the conversion of initial
cellular DNA to small fragments of DNA, although the rates of deg-
radation of DNA in the growing cells were much greater than that in
the resting cells whén the cells were irradiated with relatively
low doses of ultraviolet light.

Moreover, it is also evident that the degradatiom of DNA in the
resting cells of E. coli NG30 does not begim at a specific site of
DNA, but can occur from many sites of DNA at the same time and at the
same rate in irradiated cells.

The assumption that the first events for the inductiom of post-
irradiation degradation of DNA having mo replicating points must be

the excision of pyrimidine dimers from the DNA is reasomably accept-
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able by the following two facts, ( 1 ) the DNA molecules in the
irradiated cells of E. coli NG30 incubated for only 5 min after
ultraviolet irradiation has been cut into smaller fragments as well
as that observed in the wild-type strainm H/r30-R ; ( 2 ) there is
actually the release of pyrimidine dimers info acid-soluble fractionms
from the cells incubated for the short time after ultraviolet irra-
diation. The assumption was furthér supported by thg facts that
the post-irradiation degradation of DNA was markedly suppressed in

a double mutant, E. coli NG30uvrC, and inhibited by the presence of
caffeine. It is known that caffeine inhibits the excision of

19,20)
pyrimidine dimers by forming a complex with ultraviolet-irradiated

49
HNA.a) The residual degradation of DNA in irradiated cells of

E. coli NG30uvrC may be due to a low activity of dimer-excision
24)
detectable in irradiated uvrC mutants.
It is sure that the DNA molecules in growing cells of E. coli
NG30 were broken extensively down even when the cells were irradiated

with only a small dose of 20 ergs/mma, as the observations by Horii

et g&ﬁp)on a RecA mutant of E. coli K12, JC 1569b, although E. coli

KG30 in resting state shows no so gPeat post-irradiation degradation

of DNA by such small doses.
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It may be true that a different mechanism must operate on the
degradation process of DFA in growing cells from that in the resting
cells.

The author would like to speculate about the distinct phenomena
in growing cells as that, the enhanced post-irradiation degradation
of DNA may be resulted from such a symergistic effect as that the
function of DNA replication disturbs furthermore the process of DNA
degradation induced by a predomimant degradation of DNA uncoupled
well to the effective repair of ultrawiolet lesions, through running
of the replicatihg points across the degradation sites in DNA strands.

The above speculation means that the initial cause for the post-
irradiation degradation of DNA in E. coli NG30 is dimer-excision,
and the produced gaps would be enlarged by a predominant degradation
event not co-ordinated well with the process of repairing the gaps.
The arrival of LNA replicating points to such the disordeéred dégrada-
tion site would make the events more complex occuring to the degrada-~
tilon sites, resulting in drastic DNA degradation.

There is a reporéu)that a RecA” mutant of E. coli K12 can: recover
significantly from ultraviolet-inactivation by incubating the irra-

diated cells in buffer solutions. The phenomana of liquid holding
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recovery would be related to the present experimental facts that
the post-irradiation degradationm of DNA im amino acid~-starved
E. coli NG30 was greatly suppressed by omitting glucose from the

M9 medium ( See, Fig. 16 ).

( Fig. 16 )

Anyhow, a phgnotypical character of E. ¢oli RG30, high sensi-
tivity to ultraviolet irradiation, must be essentially related to
the phenomena observed at the irradiated cellular DNRA which breaks

extensively down by post-irradiatiom incubation.

SUMMARY

The poatfirradiation degradatiom of DNA in a radiosemsitive
mutant, E. coli NG30, was investigated. An extemsive degradation
of DNA corresponding to the ultraviolet dose was observed in the
cells which replicate no DNA.

The post-irradiation degradation of DRA having no replicating
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points does not begin to occur from a specific point of DFA, but
do occur to many sites of irradiated DNA at the same time and deve-
lops at the same rate.

The fact that the initial ecause for the DNA degradatiom is the
excision of pyrimidime dimers from the DNA molecules was supported
by the following experimental results that, ( 1 ) the immediate
fragmentation of cellular DNA was observed in the cells shortly after
the ultraviolet irradiation by the alkaline sucrose dradient analy-
sis, ( 2 ) the pyrimidine dimers were detected in acid-soluble
fractions extracted from the cells incubated for only 5 min after
ultraviolet irradiation, ( 3 ) the post-irradiation degradation was
markedly suppressed in a double mutant, BE. coli NG3QuwrC, ( 4 )
caffeine inhibited significantly the post-irradiation degradation
of DNA.

The mechanism by which the followed extensive DNA degradation
is resulted from the gaps: in DNA strands produced by excision of

pyrimidine dimers was discussed.

ACKNOWLEDGEMENT

(¢ 32)



The author would like to acknowledge the helpful guidance and

critical discussions by Professor Ichijiro Homjo and Assistant Pro-

Yessor, Dr. Keiichi Nozu during the present experiments.

9.

10.

REFEREKCES

T. Kato amd S. Kondo, Mutation Res., 4, 253 ( 1967 ).

?. Kato and S. Kondo, J. Bacteriol., 104, 871 ( 1970 ).

. #. Kato and S. Kondo, Jap. J. Genet.,44, ( Supp. 1 ), 51 ( 1969 ).

A. J. Clark, J. Cell. Physiol., 70, ( Supp. 1 ), 165 ( 1966 ).

F. S. Willetts and A. J. Clark, J. Bacteriol., ;99; 231 ( 1969 ).
A. J. Clark and A.D. Margulies, Proc. Ratl. Acad. Sci., 53,

451 ( 1965 ).

P. Howard-Flanders and L. Theriot, Genetics, 53, 1137 ( 1966 ).

- B. Ogawa, K. Shimada and J. Tomizawa, Molec. Gen. Genetics,

;QL, 227 ( 1968 ).

A. J. Clark, M. Chamberlim, R. P. Boyce and P. Howard-Flanders,
J. Mol. Biol., 19, 442 ( 1966 ).

%Z. Horii amd K. Suzuki, Photochem. Photobiol., &, 93 ( 1968 ).

( 33



1l.

i2.

13.

.L1+0

150

16.

17.

18.

19.

20.

21.

22.

.

I.

P.

Horii amd K. Suzuki, Photochem. Photobiol., 11, 99 ( 1970 ).
M. Hertman, Gemet. Res., Camb., 14, 291 ( 1969 ).

Howard-Flanders amd R. P. Boyce, Radiatiom Res. Suppl. 6,

156 ( 1966 ).

R.

K.

K. McGrath and R. W. Williams, Rature, 212, 534 ( 1966 ).

C. Smith, Photochem. Photobiol., 2, 503 ( 1963 ).

R. B. Setlow and W. L. Carrier, Proc. Batl. Acad. Sci., 51, 226
( 1964 ).
D. S. Kapp and K. C. Smith, J. Bacteriol., 103, 49 ( 1970 ).

Maalge amd P. C. Hamawalt, J. Mol. Biol.,3, 144 ( 1961 ).
Shimada amd Y. Takagi, Biochim. Biophys. Acta, 145, 763 ( 1967
L. Carrier and R. B. Setlow, J. Bacteriol., 102, 178 ( 1970 ).
Howard-Flanders, Anm. Rev. Biochem., 37, 175 ( 1968 ).

K. Gamesan and K. C. Smith, J. Bacteriol., 26, 365 ( 1968 ).

(¢ 34 )



T T T T3 it LR T 1= T T T T T T T T
T T N B i T T H T i ¥ b i , + i H
i1 [ + : - b : i w :
i i 7] ; B ' : f T
o i i RamumN t T i I f : T T 17
: : g ‘ : +H j | | ,
1) I 1 L I} I} il ) 1 B aNE L I Il 1 - | H k) 1 i)
1 T+ 1 N} » i 5] T I T T am T T
T T 1 RSN T T N I T SRR
i . s : - g SRR ISR NSRS
Tt 3 T ~ ] - i : X m ! ;~r
! ! i}
) (EANRNAAD : i - )
I T ] .. i ; I H EENRYERS|
+ i i & N 1 i i
, ! T - I RN - + " .
v ! Fne R T T 7
I § { - I [ i N AN | » I I ¥ "
FEET | ! f 1 i i ) ! f 1 S
+ + i ) i i i | ) ) o
1 ! 7 T ; : i and e ; o i 1 H RRRE
} : T ¢ ! s ! A
R T i T N 1 I i 1 H I IR N
i T i ! 1 ;
+ T : Hor : ! i + T4 ; 1 1t
: 7 i : s ! !
T H 1 H T
7 T ! e : " i i 1 Euw .
T [ 1T RN L] RS,
L ; T
T mE N
T Mnuani - 7l i
:
1 t
A T s
I - i ! ¢ ERamn
NEh : aEEREE L
L 1 T {13
T
T T 1 gt | — ki
T N Il T . i L H
T 1 NEnanul o I -
| } ]
auEE ! | § , I @
- + + t + t T T
s ot . i P : : : b e
t : B & f aa! N R ad B s i Ron & ; : ; - : - i fr
T . 3 o
l -+ i ] - T
} i 8 T LT T ol |
i N | NG AN R ! H CH i
T R : o R : T ;
[ - T -
i i 4 ot
] 1} !
" | S »‘ A,
t T I T m
|
1 - - I
¢ t i
iy 1 T 1 +
T N 1 : NEBERNEBRANY
W S ; ; _ e :
+ i " I
P |
1 i e i
I : : - : =
il i ] i I
0 T
i ! i il
} + i T
T g ) T
] - T :
T - i == 1]
t i I : T i
i At :
n f : :
L i f }
T 1 ESE
i i |
: i T
i i }
; i ;
Fam +
R T T H e
- ; - i ! I
jrasiRRaeE e GHEE , , ! |
1 T [ I AT : ] I
: i L i ! i i 1 1
o ® ~ o < © —

25

24

23

22

20

K]

15 16
250

14

12

a7 3

180

mm

|

A4



18

T ; : -
il 3 . i I L B ! §
‘ - it H
Tipe ™ C i 5 axe hf fage
i ] i ik
i = +
ST : ; ;
T : ; i
. i3 .. L) H
[ o B ] LA 4 T ]
SRR R = EESREES R ! . 1
I . =N ;
;
T o 3 T ; 3
T i s H » + H N
T i T o H Iy i T 5 5Y i o
[ 1 1 N f i Y u :
o
., -t T - .
: e z :
\ T
(AyRE Iy - -
- . ARy 57 § T -
4 { ;
y H !
s } 3
; r i vt | i
; i 1
SRRs! : : : .
R aa o
. ¥ R }
e } 4
d ; H 1 P
” : I
T ) o i i » n ,
. ) ! RARS . 4 - -
i i T B2 { ]
] ! L . i
f ] i 5 1 t i i
R e b : ; : ; . i H- + 7
i : - i : ! i : i f i1

22

19

8

17

12

10

Tmm (2501 80) 373

Ad



Fmm (250%180) =43

A4



% !

M R

|

$180) 43

Tm (250

A4



5

Fig.

(08 1X0§7) wuw|

Is
)

o

L2
o

LOY)

5

uba:

£

Inoy




3(C)

24

22
19
8

I mm (250%180) 293

Ad



E 4 (081 X05g) wwy vy




18

7

16

14

13

12

10

‘Inéubatio:

on

Tati

RN SR

14

1wam (250 180) 1373

A4



Fig, &

0.4

10

0.2

0.6

0.4

0.2



=

osteirradiation

Tmm (250%180) 343

A4



lmm (250 180) a7 3

A4



E4C (08t X0gg)yww| ¥y

sanutm J9d squUnNoO)



E4rC (081X06T)ww| rv

8t Pt St




E4C (081 X0ST) ww 1A%




o (081xX057) ww| vy




Imm (250%x180) ~ 214 3

A4






Tmm {250 180) a7 3

Al



LEGENDS FOR FIGURES

Fig. 1. Ultraviolet survival curves for E. coli H/r30-R and KG30
in different cell comnditions.

The ultraviolet-sensitivity of E. coli NG30 in different physiol-
ogical conditions were examined. The examined cell conditions were
as follows ; growth phase, stationary phase, starved condition for
amino acids and a condition pre-incubated at 37°C for 90 min with
chloramphenical. E. coli H/r30-R was used as control. H/r30-R ¢
stationary, —O— ; growing, —@— . K@30 : growing, —@— ;

stationary, —0— ; amino acid-starvation, —®— ; incubation with

chloramphenicol, —O— .

Fig. 2. Degradation of the DNA in growing cells of E. coli NG30
after ultraviolet irradiation.

DNA was labeled with[H}J -thymidine by incubating the cells in
EM9 medium supplemented with 3.3 pC/3 pg/ml of[F°]-thymidime and
200 pg/ml deoxyadenosine. The cells were washed, resuspended in
EM9 medium and irradiated with various doses of ultraviolet light.

The loss of the radioactivity from acid-insoluble fractions of the

(1)



cultures durimg post-~irradiation incubation was detected. The 100
per cent values at the zero incubation time were about 2,000 cpm/0.2
ml culture. Ultraviolet dose : O erg/mmz, —O— ; 20 ergs/mma,

—0— ; 100 ergs/mmz, —®— ; 40O ergs/mma, —0— .

Fig. 3. [Hfzj -~thymidine incorporation into acid-insoluble fractionmns
during incubation in EM9 medium and M9 medium.

The cells grown in EM9 medium were washed, and resuspended in
five fold wolumn of M9 medium. The cell suspension was divided
into two portions and 2.5 mg/ml casamino acids were added to the one
portion of the two. [33] ~thymidine and deoxyadenosime were added
to all the cultures at zero incubation time and the cultures were
incubated at 37°c. The experimental details for the measurement
of radioactivity incorporated into acid-insoluble fractioms were
described under Materials and Methods. g R L

-—O——, in M9 meium ; —@— , in M9 medium ; —Q@— , cells
were transfered to EM9 medium after 70 min starwvation-incubation in
M9 medium.

( a ) E. coli H/r30-R, ( & ) E. coli NG30.

(i1)



Fig. 4. [Hj]-thymidine incorporation into acid-insoluble fractionms
during incubation in EM9 medium with or without chloramphenicol.
E. coli NG30 was used. The growing cultures in EM9 medium
were supplemented withlﬁj]—thymidine and deoxyadenosine, and incu-
bated at 3?06'with or without chloramphenicol. The details for
measurement of[ﬂ}]-thymidine incorporation were described under
Materials and Methods. —@— , with chloramphenicol ; —&—

without chloramphenicol.

Fig. 5. Post-irradiation degradation of DNA in the cells without
DHA replication.

( a ) The DEA replicamion of E. coli NG30 was stopped by amino
acid-starvation. The cells which have no DNA replication were
irradiated with warious doses of ultraviolet light. The other
experimental details were describéd'under’naterials and Methods.
100 per cent vglues at zero incubation time were about 1,500 cpm.

—O— , non-irradiated ; —@— , irradiated with 50 ergs/mm‘2 ;
~{}— , irradiated with 100 ergs/mm? ; ~—@— , irradiated with
200 ergs/mm® ; —O— , irradiated with 40O ergs/mm® ; —a&—

irradiated with 1,000 ergs/mms>.

( 1i1 )



( b ) The DNA replication of E. coli H/r30-R was stopped by
amino acid-starvation and of E. coli Bs-l by chloramphenicol. The
cells were irradiated with 1,000 ergs/mma. The 100 per cemt values
at zero incubation time were about 2000 and 1200 cpm in H/r30-R and
B,_;» Trespectively. —O— , H/r30-R non-irgadiated 5 ——
H/r30-R irradiated with 1,000 ergs/mm2 ; —4&4— , B 1 non-irradiated

Se

—3— , B

., irradiated with 1,000 erms/ma‘.
Fig. 6. Post-irradiation degradation of DNA in E. coli NG30 ceased
the DNA replicatiom by chloramphenicol.

DNA replication had been stopped through incubating the cells
with 50 pg/ml of chlorampheﬁicol for 90 min. The cultures were
then irradiated with various.doses of ultraviolet light and continued
to incubate at 37°¢C. The methods for the measurement of radio-
activity in acid-insoluble fractiom were described under Methods.

The 100 per cent values at zero incubation time were about 1,800
cpm.’th -0 , 0 erg/mm? ; —O0— , 50 ergs/mm2 ; —O—

100 erga/mma ; —DO— , 200 ergs/mm2 ; —V— , 40O ergs/mma.

( iv )



Fig. 7. Comparison of the rate of post-irradiation DNA degradation
in E. ¢oli NG30 labeled in different DNA regions.

Two kinds of cells laveled with{#”]-thymidine in differemt DFA
region within the DNA molecules having mo replicating poimts were
prepared. One is labeled in " early region " and the other i late
region ¥, The preparation of the cells were described in details
under Hateriéls anﬁ Methods. The cultures were irradiated with
various doses of ultraviolet light and incubated at 3700 in amino
acid-free M9 mediunm. The 100 per cent valﬁes at zero incubation
time were about 900 cpm in the experiments of " early region ¥ and
1,100 cpm in that of " late region %, respectively. ( a ) experi-~
ment of " early region ', ( b ) experiment of ¥ late region %.

—O— , non-irradiated ; —O®— , irradiated with 50 ergs/hm? 3

—@— , irradiated with 100-ergs/mm2 ; —#&— , irradiated with

200 ergs/mm® ; —&— , irradiated with 400 ergs/mm°.

Fig. 8. Degradation of DNA in amino acid-starved cells of E. coli
KG30uvrC after ultravio;et irradiation.
E. coli NG30uvrC was used. The DNA replication was stopped

through amimo acid-starvation. The cells were irradiated with



various doses of ultraviolet iight and incubated at 37°C in M9
medium, The experimemtal procedures were the same as in Fig. 5a.
The 100 ﬁer cent values at zero incubation time were about 2,200 cmm.
—O— , non-irradiated ; —@®— , irradiated with 50 erga/nn? ;
—©@©— , irradiated with 100 ergs/mmé/jﬁizfadiated with 200 erge/hmz
~—D—

; —9—  , irradiated with 400 ergs/mm°.

Fig. 9. Change in the amount of pyrimidine dimers in the acld-insoluble
fractions of the cellas of E. coli NG30 amd NG3OuvrC during post-
irradiatiom incubation.

E. coli FG30 amd BG30uvrC were used. IHjj-thymidine-labeled
cells were starved amino acids, irradiated with 400 ergjs/mm2 a;d then
incubated for 60 and 120 min in M9 medium. The acid-imsoluble
fractions of the cells were hydrolyzed and pyrimidine dimers were
detected by paperchromatography. The experimental details were
described under Methods. (a) E. coli KG30, ( b ) E. coli EG30uvrC.

—QO— , no incubation ; —@— , incubated for 60 mimn ;—-—0—-—,

incubated for 120 nin.

¢ vi )



Fig. 10. Effect of caffeine on DNA degradation in E. coli KG30
irradiated with ultraviolet light.

DNA replication of the cells was stopped through amino acid-
starvation. Caffeine was added to the cultures and the cells
were irradiated with 40Q erga/mn? of ultrawviolet light. The

degradation of DNA durimg the post-irradiation incubation was meg-

sured. The detaila were the same as im Fig. 5a except for the
addition of caffeine. 100 per cent values at zero incubation
time were about 1,300 cpm. Caffeine conmcentratiom : —O— ,

O per cemt ; —Q— , O.1 per cent ; —@— , 0.2 per cent ;

—@®— , 0.5 per cent.

Fig. 11. Initial fragmentationm of DRA in the cells soon after
the ultraviolet irradiation.

C#’]-thymidine -labeled E. coli NG3Q and H/r30-R cells were
ircubated at 37QC‘£or 90 min in amino acid-free medium ( M9 medium ).
The cells were irradiated with 200 amd 1,000 ergs/mm2 and incubated
for 5 min in M9 medium at 3706; Immediately after the incubation,
the cells were cooled, converted into spheroplasts and centrifuged

in alkaline sucrose gradient. The other details were described
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in Materials and Methodsa. ( a) E. coli NG3Q, ( b ) E. coli
®/r30-R. —O— , non-irradiated ; --@--- , irradiated with 200

ergs/xzm:2 ; — 48— , irradiated with 1,000 ergs/mma.

Fig. 12. The sedimentation profiles of DNA of E. coli KG30 incubated
for 20 min after ultraviolet irradiation.

[_H’?] -thymidine-labeled cells were starved amimo acids for 90 mim,
and then irradiated with warious doses of ultrawviolet light.
The irradiated cultures were incubated at 37°C for 20 min in the amino
acid-free medium. The cells were lysed by lysozyme, layered on a
alkaline sucrose gradient ( 5 - 20 % ), and then centrifuged for 9O
min at 30,000 rev./min. Measurement of radioactivity and the other
details were descfibed’ under Materials and Methods. Two sets of
experimental results were piled up im the same figure.

and ------ , non-irradiated ; @ - , irradiated with

100 ergs/mm.2 j— —{J—-— , irradiated with 200 ergs:/mm2 ; —#—
irradiated with 400 ergs/mm® ; ---&--- , irradiated with 1,000

ergs/ mm2 .
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Fig. 13. Degradation of DNA of E. coli NG30 in the course of time
of post-irradiation incubation.

Both strains, E. goli NG30 and H/r30-R were used. The cells
labeled witnEHBJ-thymidine’ were starved amino acids for 90 min and'
tnen irradiated with 200 or 1,000 ergs/mmz. The irradiated cells
were incubated at i?OC in’ M9 medium for 20 and 120 min. The cells
converted into spheroplasts were lysed and layered om the top of
alkaline sucrose gradient. The otuer details for experiments were
the same as before experiments.

( & ) E. goli NG30, —O— , non-irradiated ; ---@&--- , irradiated
witn 200 ergsa/mm2 and incubated for 20 min ; ——i—— , irradiated

with 20Q erg_sz‘/m.m2 and incupated for 120 min.

A

( o) E. coli N&30, —O— , n'on'-irr,;;liated y ~——@---, irradiated
with 1,000 erga/mmz and incubated for 20 min ; — —."'—‘ , irradiated
with 1,000 ergs/mma and incupated for 120 min..

( ¢ ) E. coli H/p30-R, —O— , non-irradiated ; ---@-- , irradiated
with 1,000 ergs/mm2 and incupated for 20 min ;“"—’_—' s irradiated

with 1,000 ergs/mm> and incuvated for 120 min.
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Fig. 14. Dose-dependent increase in the amount of radiocactivity
of acid-soluble fractioms containing pyrimidime dimers of E. coli
NG30.

[Hé]-thymidine—iaheled cells were starved for amimo acids and
then irradiated with wvarious doses. The cultures were incubated
for 5 min at }700- The acid-soluble fractions were neutralized
and charged to the column of Dowex~l ( 200 - 400 mesh, X8, Cl  type ).
After washing the resim with excess volume of water to release free

[E;]-thymidine, 20 ml of 0.5 N HCl was passed through the column.

The radioactivity of the eluates were counted.

Fig. 15. Released pyrimidine dimers imto acid-soluble fractioms.

E. coli NG30 was used. The cells starved amino acids were
irradiated with 2,220 ergs/mm? ( dose rate : 74 ergs/mmz/sec ), and
then incubated at B?QC'ﬁor 5 min. The acid-soluble fractions were
condensed and hgdrolyzed with 99 per cent formic acid at 175°C for
15 min. The hydrolysates were them analyzed by paperchromato-
graphy. Experimental details are describe® under Materials and

Methods. —O— , irradiated cells ; --@-— , non-irradiated cells.



Fig. 16. Post-irradiation degradation of the DRA in E. coli KG30
in the conditions with or without glucose.

The cells were starved anix;a acids by incubating them for 90 min
in M9 medium. The irradiated cells were incubated inm the M9 medium
with or without glucose. The ultraviolet doses used were 50 and
100 ergs/mz. The other experimental procedures were the same as
in Fig. 5a.

—@— 5 50 ergs/mmz, with glucose ;
—0— , 50 ergs/mnz, without glucose ;
—a&— , 100 erga/nmtz, with glucose ;

—DH— , 100 ergs/ma,, without glucose.



Table I. Change im the sedimentation welocity of DNA molecules in

course of time of post-irradiatiom incubation

Dose Post-irradiation Incubatiom ( min )
Strains
( ergs/mmZ ) 20 120
F¥G30 0 12.0 12.0 —
200 11.5 10.5 9.0
1000 8.5 7.5 7.0
H/r30-R 0 13.0 12.5 —_
200 12.0 —— —
1000 8.5 12.0 13.0

The sedimentation wvelocity of DFA molecules in maiw peaks of DNA

distribution was represented as a distance from the meniscus of

alkaline sucrose gradient im tne figures ( in cm )



