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The increase of survival of ultraviolet irradiated Escherichia coli cells, due to the splitting of
thymine dimers to monomers by photoreactivation, is inhibited by potassium nitrate. The possible
mechanisms of the inhibition are discussed.

Photoreactivation is the repair of ultraviolet
radiation damage in a biological system with light
of wavelength longer than that of the damaging
radiation (Ja g g e r1). A wide variety of ultraviolet
induced effects may be reversed by photoreactiva
tion, including killing, mutations, division delay,
block in the DNA synthesis, etc. Such photoreactiva
tion effects generally involve the photoenzymatic
splitting of cyclobutane-type pyrim idine dimers in
the DNA (R u p e rt2) .
The effect of potassium nitrate was examined on
the photorekctivation of colony forming ability of
ultraviolet irradiated E scherichia co li cells and on
in v iv o monomerization of ultraviolet induced thy
mine dimers in the bacterial cell’s own DNA during
photoreactivation.
M aterials an d M ethods
B acteria

The bacterial strains used were E scherichia co li
Bs _ i , and E scherichia c o li 15 T" 555-7 thy~, arg“,
trp “, met- , the kind gift from Dr. D. Billen. E . co li
Bs _ i cells were grown in a synthetic glucose medium
(Sedliakovä et a l . s ). E . co li 1 5 T“ 555-7 cells were
grown in the same glucose medium containing 14 jug
tryptophan, 30 jug methionine, 38 jug arginine and
2 jug thymine plus radioactive thymine- 2 -14C (0.5
/^Ci/ml, specific activity 53m Ci/m M ). The com
plete medium was inoculated and then incubated in
a reciprocal shaker at 37 °C. The overnight culture
was diluted into pre-warmed fresh medium and
grown until cells were in stationary phase. The titer
of E .c o li Bs_i cells in stationary phase was 3 -1 0 9

colony form ing units (CFU) per ml and the titer of
E .c o li 15 T" 555-7 was 4 -1 0 8 CFU/ml. Cells were
harvested by m embrane filtration, washed and re
suspended in an equal volume of mineral salts buf
fer (MSB) composed of 7 g N a 2H P 0 4 •7 H 20 , 3 g
KH 2P 0 4 and 4 g NaCl, dissolved in 1000 ml H 20 ,
to which 4 ml of 0.5 M M gS0 4 solution was added
after autoclaving.
U ltra v io le t irra d ia tio n

The ultraviolet source was the Philips TUV 15 W
low-pressure mercury-vapor germicidal lamp, emit
ting mainly the wavelength 253.7 nm. At this wavelenght the dose rate was 6.3 erg-m m - 2 -sec-1 . For
applying small doses, the dose rate was reduced to
2.5 erg-m m - 2 -sec- 1 . Dose rates were determined
with a L atarjet N ° 90 dose-rate-meter. Cell suspen
sions were irradiated in open Petri dishes in a
1 —2 mm thick layer with rapid stirring. The cells
were starved in MSB for 24 hours before each ex
periment. All manipulations with irradiated cells
besides photoreactivation were carried out under
yellow light from NARVA Na-E spectral lamps
which do not emit at wavelengths below 568.8 nm.
P o ta ssiu m n itra te trea tm en t

Potassium nitrate was dissolved at 2 M concen
tration in the MSB. F urther dilutions were made
from this solution and appropriate amounts were
added to the samples immediately after ultraviolet
irradiation. Cells were kept in these solutions at
20 °C between irradiation and photoreactivation
and also during photoreactivation.
P h o to re a c tiv a tio n

The sources for photoreactivating light were
Requests for reprints should be sent to P. Balgavy, Slovak
Academy of Sciences, Cancer Research Institute, Depart
ment of Molecular Genetics, 88032 Bratislava, Czecho
slovakia.

2 closely spaced Tesla Tovos R V K 2 5 0 W high pres

sure mercury lamps. A 20 °C filter bath, containing
15% C oS0 4 •7 H20 and 17.5% C uS 0 4 -5 H 20 in
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water was placed in front of the lamps. Samples
in glass reaction tubes were immersed in this bath.
The path length of photoreactivating light in filter
bath was 2 cm, so that 92% of the light was between
320 and 450 nm. Cells to be photoreactivated were
at a concentration not exceeding 5 -1 0 5/m l; the cell
concentration was up to 4- 10 8/m l in experiments for
the thymine dimer determination.
D eterm in a tio n o f c o lo n y fo r m in g a b ility

Suitably diluted samples of cultures were plated
on supplemented minimal salts medium agar plates.
Plates were incubated at 37 °C in the dark and the
colonies counted next day.
P h o to p ro d u c t an alysis

Thymine dimers were determined in form ic acid
hydrolysates of high-molecular (cold trichloroacetic
acid-insoluble fraction) DNA by paper radiochro
matography. For details see Sedliakova e t al. 4.
C om p ou n ds

Most of the compounds used in this study was
obtained from Lachema, Brno. Radioactive thymine
was purchased from the Institute for Research and
Production of Radioisotopes, Prague.
R esu lts an d D iscussion
The rate of photoreactivation for irradiated E.
co li Bs_i cells in the presence and in the absence of
K N 0 3 is shown in Fig. 1 . Survival increase is
slower when K N 0 3 is present (curves 2, 3, 4) than
when it is absent (curve 1 ). However, while not
shown in Fig. 1, all curves attain the same final
level. Inhibition effect of K N 0 3 increases with in 
creasing KNO 3 concentration through the range
studied. At a constant concentration, the rate of
photoreactivation is slower when the light intensity
is reduced (curves 4, 5 ).
There is no effect of 0.5 M K N 0 3 on the un
irradiated and irradiated samples in the dark and

Fig. 1. Survival increase of E. coli Bs _ i cells as a func
tion of photoreactivating time. Cells were irradiated with
14erg-m m - 2 . Immediately thereafter, K N 0 3 was added to
four samples at a final concentration of 0.125 M (curve 2 ),
0.25 M (curve 3) and 0.5 M (curves 4 and 5 ). Corresponding
amount of MSB was added to control sample (curve 1). Cells
were then kept 30 min at 20 °C in the dark; after this period
they were exposed to photoreactivating light from two RVK
250 W lamps, except one sample (curve 5) which was exposed
to light from only one lamp.

photoreactivating light has no effect on the un
irradiated samples in the presence and in the ab
sence of KNO 3 (Table I ) .
The same type of experiments was carried out
with the radiation resistant E. co li 15 T" 555-7
strain. Fig. 2 shows that photoreactivation of cells
results in a large reduction of the thymine dim er
concentration. Furtherm ore, the reduction is greater
in the absence of K N 0 3 than in its presence. In 
cubation of samples in the dark has no effect on the
initial thymine dimer concentration.
The above results clearly indicate that K N 0 3 in 
hibits the splitting of thymine dimers. Therefore,
it must directly inhibit photoreactivation. Photo
reactivation can be described by the following reac
tion scheme:
£1

light

E + S ^ ES -> E + P ,
JC2

lcz

Table I. Effects of KNOa and the photoreactivating light on the titer of E. coli Bs _ i cells. Unirradiated sample 1 was held in
0.5 M KNOj as well as irradiated (10 erg-m m - 2 ) sample 2. Sample 3 (unirradiated) was illuminated with photoreactivating
light. Unirradiated sample 4 was illuminated with photoreactivating light in the presence of 0.5 M KNOs .
Time
[min]

Sample 1
[• 109 cells/m l]

Sam ple 2
[• 106 cells/m l]

Sample 3
[•10® cells/ml]

Sample 4
[• 109 cells/ml]

0
40
80
120

2.1
2.4
2.0

2.2

2.8
1.8
2.7

2.9
2.6

2.5

2.4
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Fig. 2. The fraction of initial thymine dimer concentrations
after various times of photoreactivation. E. coli 15 T~ 555-7
cells were irradiated with 1000 erg-m m - 2 . After this dose, the
initial fraction of radioactive thymine appearing in thymine
dimers was 0.21%. Cells were then treated with KNOs and
photoreactivated in the presence of KNOs (curve 3) and in its
absence (curve 4 ). Curve 1, dark control in the presence of
K N 0 3; curve 2, dark control in the absence of K N 0 3 . Con
centration of K N 0 3 was 0.5 m .

where E is the photoreactivating enzyme, S is the
substrate (a pyrim idine dim er in irradiated DNA),
ES is the enzyme-substrate complex formed in the
dark and P is the repaired product —pyrimidine
monomers in DNA (R u p p ert2). Thus, the inhibiting
effect of K N 0 3 could affect either the form ation of
ES complexes or the photolysis (light reaction) of
existing complexes.
H arm et al. 5 have shown that the form ation of
ES complexes in E . c o li Bs_i cells is inhibited by
caffein; on the other hand, caffein does not interfere
with the photolysis of existing ES complexes. They
have observed decreased caffein inhibition of photo
reactivation at low intensity of photoreactivating
light. Rate constants k x for formation, and k 2 for
dissociation of the ES complexes in v itro depend
critically on the salt concentration; the photolysis
constant k 3 is independent in v itr o of ionic strength
over a range producing large effects on the rate of
complex form ation (H arm et a l . 5, C ook6) . It is
possible that K N 0 3 increases ionic strength in v iv o ,
so that form ation of ES complexes is affected.
Illum ination at low light intensity of ultravioletirradiated cells in the presence of K N 0 3 would re
sult in decreased inhibition of photoreactivation,
when form ation of ES complexes would be inhibited
in the presence of K N 0 3 . This conclusion is based
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on the theory of H arm et al. 5 : “ D uring such (con
tinuous) illum ination there exists a quasi-steady
state of ES complexes, which is determined by the
rate of complex form ation t>s the rate of photolysis.
. . . Complex form ation in UV-sensitive system (such
as Bs_i cells . . . ) is slow due to the low concentra
tion of substrate molecules, so that in the quasi
steady state only a small fraction of the photoreac
tivating enzymes is in complexed form. Under these
conditions a slower complex form ation (in the pre
sence of caffein) would roughly proportionally re
duce the steady-state concentration. . . . Illumination
at very low light intensity should increase the steadystate concentration of ES in Bs_i cells, there by de
creasing the inhibitory effect (of caffein) on the
photoreactivation.” However, our conclusion is in
discrepancy with the results presented in Fig. 1
(curves 4, 5 ), thus inhibition of ES complex for
mation could be excluded. Nevertheless, definite
conclusion can be made after direct determination
of the reaction rate constants k t , k 2 and k3 .
K N 0 3 could affect the photolytic reaction step in
the photoreactivation. Results recently obtained in
the model systems may throw some light on this
problem :
Pyrim idine dimers are split in the presence of
indole derivatives in aqueous solutions by irradia
tion at wavelengths where only the latter absorb
light (Helene and C h a rlier7). Irradiation of pyri
midine bases in the presence of 3-indolylacetic acid
causes a photoreduction of pyrim idines; this photo
reduction is inhibited when K N 0 3 is added to the
reaction mixture (Reeve and H o pkins8). In the
frozen state, the fluorescence of the indole derivati
ves is quenched by pyrim idines and pyrim idine
dimers (Helene and C h arlier7, Montenay-Garestier
and Helene 9) . Indole fluorescence is quenched also
by a series of electron acceptors and the degree of
this quenching is related to the electron affinity of
the acceptor. K N 0 3 is a very efficient electron ac
ceptor and quencher of indole fluorescence (Steiner
and K irby 10) . Pyrim idines and pyrim idine dimers
form charge-transfer interm olecular complexes with
indole derivatives in fluid aqueous solution or in
frozen state (Helene and C h arlier7, MontenayGarestier and Helene 9 and Pieber e t al. J1). Trypto
phan, an indole derivative, photosensitizes form a
tion of various light and tem perature sensitive
radicals in the c is-syn thymine dim ers in frozen
aqueous solution at 77 °K ; the first step in this
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reaction is probably form ation of an anion radical
of the thymine dimer Balgavy 12) .
Form ation of radicals in thymine dimer, monomerization of dimers, photoreduction of pyrimidines
and quenching of indole fluorescence can be
ascribed to electron transfer either from the indole
derivatives in the excited state to pyrim idine deri
vatives in the ground state or directly in the excited
state of the interm olecular complex. K N 0 3 is an
efficient inhibitor of this reaction.
Enzymatic photoreactivation — an enzyme-medi
ated, light-dependent splitting of pyrim idine di
mers — could be such an electron transfer reaction
(Helene and C h a rlie r13). The photoreactivating
enzyme forms (charge-transfer?) complexes with
pyrim idine dimers in DNA. These complexes, but
not the free enzyme (Muhammed 14, Setlow 15) , ab

sorb photoreactivating light. An electron may be
transferred to the dimer from the excited state of
the enzyme-substrate complex. The dim er anion is
then monomerized (split) in the free radical reac
tion. Potassium nitrate seems to inhibit electron
transfer in this reaction. Such inhibition of electron
transfer in the enzyme-substrate complex might
cause inhibition of photoreactivation of ultravioletirradiated E scherichia co li cells in the presence of
K N 03 .
However, further experiments will be needed to
clarify the model of photoreactivation presented
above.
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