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Abstract—The growth delay induced by near-UV radiation has been largely attributed to injured
tRNA’s and to the stringent response. We report an associated membrane perturbation whose recovery
determines substantial modifications in the behavior of log phase Escherichia coli K-12 exposed to
sublethal doses of near-UV radiation (366 nm). When incubated at 37°C in plain nutrient broth. cells
suffered a growth delay of about 100 min with parallel inhibition of several membrane functions.
Conversely, when grown in conditions known to influence membrane activities, these were slightly
inhibited and the growth delay lasted about 50 min. All the above conditions triggered the stringent
response, characterized by an equivalent post-irradiation burst of intracellular guanosine 5’3" tetra
and pentaphosphate and by a similar decay rate of the nucleotides accumulated at time 0 of the growth
lag. According to our data the polyphosphates’ half decay time in irradiated cells remains practically
constant and close to 15 min. But, while cells from unsupplemented broth at 37°C resumed normal
growth in around 100 min those with recovered membranes were rescued from growth inhibition in

about one half of that time.

INTRODUCTION

Exposure to sublethal fluences of near-UV radiation
(300400 nm), induces in growing E. coli a transient
inhibition of growth (Jagger et al., 1964) related to
the photochemical cross-linking of 4-thiouridine, a
rare base of specific tRNA's (Thomas and Favre,
1975; Ramabhadran and Jagger, 1976). In a recent
review (Favre et al.. 1985), concluded that the
photodamage led to accumulation of uncharged
tRNAP and tRNAP™ followed by a slow down in
protein synthesis. In relA " strains the growth delay
is amplified by the stringent response, which triggers
an overproduction of the nucleotides guanosine 5'3’
tetra and pentaphosphates (ppGpp and pppGpp)+t
with subsequent restriction on the synthesis of new
functional tRNA’s (Thiam and Favre, 1984). The
phenomenon was better understood when mutants
with lowered growth delay, deficient in 4-thiouri-
dine or in the stringent response were isolated
(Ramabhadran er al., 1976; Thomas and Favre,
1980). More recently Blanchetot er al. (1984), later
supported by Hajnsdorf and Fabre (1986), proposed
a tRNA repair hypothesis implying the scission of
cross-linked  4-thiouridine-cytosine in  photo-
damaged tRNA’s, followed by reinsertion of the
corresponding nucleoside in their respective pos-
itions.

*To whom correspondence should be addressed.
tAbbreviations: NADH, reduced nicotinamide adenine
dinucleotide; OD, optical density; ppGpp, 5’3" guanosine
tetraphosphate; pppGpp, 5'3" guanosine pentaphosphate;

SDH, succinic dehydrogenase; tRNA | transfer ribonucleic .

acid; TYB, tryptone yeast extract broth.

With the purpose to clarify further the phenom-
enon, and based on reports suggesting a close
relationship between membrane functions and
growth delay (Taber et al., 1978; Kubitschek and
Doyle, 1981), we analyzed the post-irradiation
uptake of ["*Clalanine and the specific activity of
succinic dehydrogenase (SDH), as probes of mem-
brane functions, in E. coli K-12 exposed to a total
fluence of 1.2 x 10° J/m? of near-UV radiation.
When cells were incubated at 37°C in either minimal
or nutrient broth, we found that both membrane
functions were strongly inhibited in parallel with a
90 min inhibition of growth, and that they were
accompanied by intracellular accumulation of high
concentrations of [**P]-labeled ppGpp and pppGpp.
In this case, membrane functions and nucleotide
values recovered to basal levels in coincidence with
the end of the lag induced by near-UV exposure.

On the contrary, when cells were incubated in
conditions known to influence membrane activities
(like temperature shifts or the presence of either
glycerol or sucrose during growth) the growth delay
was considerably shortened with membrane-bound
enzymes and amino acid transport only slightly
depressed. Although intracellular ppGpp and
pppGpp accumulated in irradiated cells were
degraded with an equivalent half decay time in all
the assayed conditions, cells incubated in plain broth
at 37°C resumed normal growth later than those
grown in the presence of glycerol or sucrose, or
when submitted to temperature shifts.

We postulate the occurrence of membrane pertur-
bation(s), induced in E. coli K-12 by the exposure
to 1.2 x 10° J/m? of 366 nm UV-radiation which,
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associated with photodamaged tRNA’s and the
stringent response, originated the transient inhi-
bition of growth observed after the illumination.
Changes in culture conditions may determine sub-
stantial modifications in the extent of the growth
delay, allowing an adequate environment for cells
recovering normal functions.

MATERIALS AND METHODS

Bacterial strain. Escherichia coli K-12 (ATCC 15153), a
wild type F* prototroph originally J. Lederberg K-12 W-
3005, was used throughout. Growth conditions. Unless
otherwise indicated E. coli K-12 was incubated with vigor-
ous shaking at either 30, 37 or 43°C, in a tryptone yecast
extract broth (TYB), containing: tryptone 10 g, yeast
extract 5 g, distilled water 1 €. When required media were
supplemented with 200 mM glycerol or 300 mM sucrose.
Optical density (OD) was monitored at 650 nm with a
spectrophotometer (Model UV-120-02, Shimadzu Corpor-
ation. Tokyo 160. Japan).

Irradiation procedures and growth delay measurements.
According to Jagger (1981) the growth delay is represented
by a horizontal displacement of the growth curve, plotted
as log OD/time, and is followed by a small change in the
slope when growth reinitiates. Our growth delay exper-
iments started always with cells taken from an overnight
primary culture in TYB at 37°C. Aliquots were diluted to
an OD of about 0.100 in required media and incubated at
the corresponding temperature until an OD of about 0.800
was reached. The cultures were then centrifuged at 4000
rpm for 10 min, cells were resuspended in physiological
saline solution (150 mM NaCl). placed in an ice bath at
20 cm from the lamp filter surface and irradiated under
constant magnetic stirring. Immediately after illumination
cells were spun down. resuspended in prewarmed post-
irradiation medium (see text) and the growth inhibition
was followed by measuring OD as a function of time.
Unirradiated controls were similarly treated except that
cells were kept in the dark during the irradiation period.

A high intensity longwave (366 nm) ultraviolet lamp was
the radiation source (Model B-100A, Ultraviolet Products,
San Gabriel. CA). According to the manufacturer, more
than 95% of this lamp UV emission is peaked at 366 nm.
The lamp comes equipped with a filter that cuts out 100%
of visible light and 40% of 340 nm, the second largest UV
peak, equivalent to about 1% of the irradiance at 366 nm.
The incident fluence in our experimental conditions, 33.4
W/m?2, was measured with a longwave UV meter (J-221
Blak Ray, UV Products), cross-checked against a 9811-58
Cole-Parmer Radiometer (Cole-Parmer Instruments Co.
Chicago. IL). Reading of both dosimeters agreed within
a *5% difference for any given point.

Measurement of ppGpp and pppGpp. To measure in
vivo levels of ppGpp and pppGpp cells were grown from
an OD of 0.100 to 0.800 in media containing 50 wCi/
m¢ of carrier-free [*2Plorthophosphoric acid. Cells were
washed-free of the radioactive nutrient. resuspended in
saline solution and exposed to a total near-UV fluence of
1.2 x 10° J/m2. Immediately after illumination cells were
collected by centrifugation and incubated in corresponding
prewarmed medium (see text) with no exogenous [*?P].
At given times, samples were taken to follow growth delay
and to simultaneously measure degradation of intracellular
ppGpp and pppGpp by following the procedure of Cashel
(1969). Twenty microliters of supernatant after formic acid
extraction were run in polyethylenimine cellulose plates
kindly provided by Sigma Cooperative Project. Radio-
active spots, localized by autoradiography, were scraped
off the plates and counted in a Model 4530 TriCarb Liquid
Scintillation System (Packard Instruments Co., Downers
Grove, IL).
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Measurement of SDH activity. To follow SDH post-
irradiation activity. cells were grown in medium E (Vogel
and Bonner, 1956) composed of citric acid 2 g. K,HPO,
10 g, Na,(NH,)PO,.H,0 3 g, MgSO, 0.2 g, distilled water
1 €. Medium E was supplemented with 7.5 mM sodium
succinate and the enzyme was assayed in cell-free extracts
by measuring ferricyanide reductase activity. according to
reported procedures (Kim and Bragg. 1971). except that
NADH was omitted and that 10 mM was the ferricyanide
concentration used.

Measurement of {'Clalanine uptake. Cells were grown
in medium E supplemented with 5 mM cold alanine and
after near-UV exposure reincubated in fresh medium E
containing 70 wnCi/mé¢ ["*Clalanine. At corresponding
times aliquots were filtered through Millipore-type mem-
branes and thoroughly washed with 10 mA alanine sol-
utions in medium E without carbon sources. Filters were
dried, transferred to vials containing 5 m¢ of scintillation
fluid and counted as above.

Determination of proteins. The concentration of proteins
was determined by the method of Lowry er al. (1951) with
crystalline bovine serum albumin as a standard.

Chemicals. All reagents were analytical grade. Culture
media were from Difco Laboratories (Detroit, MI) and
radioactive compounds from Comision Nacional de Ener-
gia Atémica (Buenos Aires, Argentina) or from NEN
Products (E. I. du Pont de Nemours, Boston. MA).

RESLILTS AND DISCUSSION

The transient block in cell growth produced by
sublethal doses of near-UV radiation in E. coli
depends not only on the total dose. but for exponen-
tially growing cells, also on the fluence rate (Favre,
1980). We found that in our experimental conditions
the inhibition of growth produced by exposure to a
fluence of 1.2 x 10° }/m? of near-UV radiation
was proportionally reduced when fluences delivered
were lowered (Fig. 1). Cells were irradiated in saline
solutions at a fluence rate of 33.4 W/m>. The lamp
was free from contaminant UVC and plate counts
performed during the illumination and the lag
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Figure 1. Growth delay induced by near-UV radiation.

Cells grown in TYB at 37°C from an OD of 0.100 to

0.800 were centrifuged, resuspended in saline solution and

irradiated as described in Materials and Methods. Fluences

in Jim2 (A) 3 x 10%(3) 6 x 104 (O) 1.2 x 10°. (@)

unirradiated controls. Growth delay was followed at 37°C
in TYB.
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showed no decrease in cells viability (data not
shown). In unpublished observations we found that
the extent of the growth delay could be modified
by temperature shifts and also by the addition of
400 mM ethanol to pre-irradiation medium, suggest-
ing that the environment may determine an adaptive
response impelling cells to attain the most favorable
conditions for growth. On this basis we postulate
that E. coli K-12 envelope may be a target for near-
UV radiation contributing to extend the photo-
damage produced in tRNA’s. Our postulate is
inferred from the finding that temperature shifts and
other environmental changes, known to influence
membrane composition and properties, determine
substantial modifications in the extent of the growth
delay.

We report the induction of a growth inhibition
lasting approximately 100 min when cells are incu-
bated in TYB at 37°C, temperature considered opti-
mum for E. coli growth. But, when post-irradiation
temperature was shifted to either 43° or 30°C the
lag’s extent was considerably shortened or enlarged
as shown in Fig. 2. It may be seen that the shift-
up constituted a more adequate environment for
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Figure 2. Effect of post-irradiation temperature shifts on

the growth delay induced by 1.2 x 107 J/m* near-UV

radiation. Cells grown in TYB at 37°C were irradiated

(see Materials and Mcthods) and the effect followed in

TYB at: (A) 30° (O) 37° and (O) 43°C. Unirradiated

controls [(A) 30°. (@) 37° and (M) 43°C] were kept in the
dark during the irradiation procedure.

recovery, cells resuming normal growth in about 60
min, while the temperature shift-down provided a’
comparatively less favorable post-irradiation con-
ditions. The responses of membrane composition
to environmental perturbations were examined by
Thompson (1980) and by Quinn (1981) who stated
that membrane’s fluidity and chemical composition
are subject to significant modifications by many
external factors. Hydrophobic interactions may also
play an important role in promoting recovery of
perturbed membranes, since it was reported that
changes in the strength of such interactions may
influence E. coli growth (Ingram, 1982). Supported
by a report of Back et al. (1979) demonstrating that
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Figure 3. Glycerol and temperature effects on the growth
delay induced by 1.2 X 10° J/m- near-UV radiation. Cells
were grown from an OD of 0.100 to 0.800 at 37°C in TYB
containing the following glycerol concentration (mM): (O)
0. (O) 25. (A) 50; (M) 100 and (A) 200 Cells were
irradiated in saline solutions (sce text). centrifuged and
resuspended in unsupplemented TYB and the lag followed
at either 37°C (A) or 43°C (B). Unirradiated controls (@)
were kept in the dark during the illumination. Analogous
results were obtained when medium E was used instead
of TYB.

hydrophobic interactions are stronger in glycerol or
sucrose solutions, we assayed the effects of these
agents in the extent of the growth delay at concen-
trations given below.

Pre-irradiation growth from an OD of 0.100 to
0.800 in TYB containing 200 mM glycerol at 37°C,
reduced the post-irradiation lag to about one-third
of that obtained in cells grown without the polyol
(Fig. 3A). The dependence of glycerol concen-
tration, added to pre-irradiation medium, was stud-
ied in the range of molarities reported by Peak et
al. (1982) to protect E. coli B/r against lethal effects
of near-UV radiation. In our standard procedures,
200 mM appeared as optimum glycerol concen-
tration to improve recovery of K-12 from the illumi-
nation (Fig. 3). As stated above, post-irradiation
temperature shift-up to 43°C shortened the growth
delay of cells previously grown at 37°C in unsup-
plemented TYB (Fig. 2). On this basis we assayed
the effect of combining the protective action of
glycerol and the upgrade of post-irradiation tem-
perature. It was found that they are supplementary.
since the lag induced by combined action of both
factors was significantly shorter after exposure to
1.2 x 10° J/m? of near-UV radiation (Fig. 3B).

The protective effect of glycerol against biological
actions of near-UV radiation was thoroughly studied
by Peak and Peak (1980, 1982) and by Peak et al.
(1982). They reported that the presence of glycerol
during irradiation protects £. coli from lethality.
To explain the phenomenon they analyzed several
possibilities, none of which seem adequate to inter-
pret our results obtained on K-12 grown in the
presence of glycerol, but exposed on its absence to
sublethal doses of near-UV radiation. We suggest
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that glycerol and sucrose (see below) may act by a.
mechanism similar to that reported for temperature
shifts or ethanol addition. as inducers of changes on
membrane structure and functions in enterobacteria
(Ingram, 1982 Pizarro er al., 1985).

Pre-irradiation growth in the presence of 300 mM
sucrose exerts an analogous effect to glycerol in the
extent of the growth delay. Here again, cells were
irradiated in saline solutions and the growth inhi-
bition measured in unsupplemented TYB. As seen
in Fig. 4A | cells grown pre-irradiation with the sugar
recovered ability to grow normally after the illumi-
nation in about 40 min. instead of the 100 min
required for controls. Furthermore, when post-
irradiation temperature was shifted from 37° to 43°C
cells recovered even faster (Fig. 4B). As in the
glycerol experiments, there is a moderate influence
of sucrose concentration on the reported effect, 300
mM appearing as the optimum sucrose amount to
stimulate reinitiation of growth (Fig. 4).
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Figure 4. Sucrose and temperature effects on the growth
delay induced by 1.2 X 10° J/m” near-UV radiation. Cells
were grown from an OD of 0.100 to 0.800 at 37°C in TYB
containing the following sucrose concentrations (mM): (O)

(A) 75: (O) 150; (A) 300 and (M) 400. Cells were
irradiated in saline solution (see text), centrifuged. resus-
pended in unsupplemented TYB and the lag followed at
either 37°C (A) or 43°C (B). Unirradiated controls (@)
were kept in the dark during the illumination. Analogous
results were obtained when medium E was used instead

of TYB.
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The action of the osmotic strength of a given
growth medium on membranes fluidity was
reviewed by Quinn (1981) and Broekmann and
Steenbakers (1973) reported that a temperature-
sensitive E. coli K-12 mutant grew at the restrictive
temperature in medium supplemented with either
600 mM sucrose. 300 mM NaCl or 300 mM KCl.
stating that it is not known whether the effect was
due to the osmotic pressure or to the activation of
temperature-sensitive enzymes. The sucrose effect
reported here seems unrelated with osmotic press-
ure since we worked at much lower sucrose concen-
tration and because the growth delay in our
irradiation conditions were not modified by 300 mM
NaCl or KCI (data not shown).

Several authors have stated that selective photo-
lesions may be useful in identifying components
associated with particular processes or structures
(Sharma and Jagger, 1981; Sprott er al.. 1976).
Therefore, we assumed that if membranes were
damaged we should find concomitant alterations in
biochemical functions, such as amino acid transport
or activity of membrane-bound enzymes. Even
more, the environmental conditions which we found
as able to modify the growth delay, should also alter
the behavior of the affected functions. Based on
reports stating that near-UV inhibits amino acid
transport (Kubitschek and Doyle, 1981; Peak er
al., 1982) we studied [**Clalanine uptake in our
experimental conditions. When cells were incubated
at 37°C the amino acid uptake ceased immediately
after the irradiation, recovering gradually to pre-
exposure values. On the contrary, the ['*C]| uptake
was only slightly depressed when cells were submit-
ted to a post-irradiation temperature shift-up (37°
to 43°C), or when grown in the presence of either
200 mM glycerol or 300 mM sucrose (Table 1).

Succinic dehydrogenase (SDH) is a membrane-
bound enzyme whose properties were thoroughly
studied (Hederstedt and Rutberg, 1981). Based on
a report indicating that near-UV inhibits respiration
of succinate-linked oxidation in a membrane system
(Brodie and Ballantine, 1960), we found that the
specific activity of this enzyme — assayed in vitro
— was arrested during the growth delay occasioned

Table 1. [*CJalanine uptake in E. coli K-12 near-UV induced growth delay

Pre-irradiation supplem. and post-irradiation temp.:

Min after Unirradiated None
irradiation controls 37°C
0 100 100

15 190 100

30 310 170

None Sucrose Glycerol

43°C 43°C 43°C
100 100 100
140 170 160
260 290 230

Cells grown from an OD of 0.100 to 0.800 at 37°C in medium E + 5 mM alanine. with or without 300 mM
sucrose or 200 mM glycerol, were exposed to 1.2 X 10° J/m? near-UV, centrifuged and resuspended to an
OD of 0.200 in fresh medium E added only with ['*Clalanine. They were then incubated to measure the
uptake at either 37°C or 43°C (see above). Results are expressed as percentage of ['*Clalanine uptake at

time zero.
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Table 2. SDH activity during near-UV induced growth
delay in E. coli

SDH activity (nmol/mg/h)
Min after

irradiation Unirradiated Irradiated
0 18.4 2.7
30 . 33
60 11.6 2.4
120 6.0

Cells were grown at 37°C in medium E + 7.5 mM sodium
succinate from an OD of 0.100 to about 0.800, exposed
to 1.2 x 10° J:m? near-UV radiation, then diluted to an
OD of 0.200 and reincubated at the same temperature in
fresh medium E + succinate. At given times samples were
taken to measure SDH activity in cell free extracts (see
Materials and Methods).

by the radiation when cells were grown at 37°C
(Table 2). But, when the SDH was measured during
the growth delay of cells incubated at 30°C or grown
pre-irradiation in the presence of either glycerol
or sucrose, its specific activity proved considerably
higher than the above (Table 3).

We found that the stringent response was trig-
gered in all experimental conditions assayed. report-
ing here on intracellular accumulation of ppGpp
and pppGpp and the relationship between their
degradation and lag’s extent. For that purpose cells
were grown pre-irradiation in the presence of
[**Plorthophosphoric  acid (see Materials and
Methods) and the fate of labeled guanosine poly-
phosphates was followed in parallel with the growth
delay induced by near-UV radiation. As depicted
in Fig. 5. cells incubated in unsupplemented TYB
accumulated ppGpp and pppGpp in a 2 : 1 ratio,
with [**P] counts in cpm/OD units increased fourfold
at 0 time after the irradiation. It is also seen that
both nucleotides followed similar degradation pat-
terns during the growth delay measured in the
absence of |*P]. For that reason further references
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Figure 5. [**P]-labeled ppGpp and pppGpp degradation
during growth delay. Cells grown from an OD of 0.100 to
0.800 in TYB containing [**PJorthophosphoric acid were
harvested by centrifugation. resuspended in saline sol-
ution, irradiated (1.2 X 10° J/m?) and incubated post-
iflumination in plain TYB at 37°C. OD and nucleotide
concentration were measured during growth delay as indi-
cated in the text. ppGpp: (O) unirradiated and (@)
irradiated. pppGpp: (A) unirradiated and (A) irradiated
cells.

to pppGpp are omitted.

In table 4 we present the kinetics of [**P}ppGpp
degradation during the growth delay of cells incu-
bated pre- and post-irradiation in plain TYB at
37°C. in comparison with: (i) cells grown pre-
irradiation in TYB at 30°C and incubated post-
irradiation at 43°C in the same medium. and (ii)
cells grown pre-irradiation at 37°C in TYB sup-
plemented with either 200 mM glycerol or 300 mM
sucrose. with post-irradiation incubation at 43°C in
unsupplemented TYB. Our results show a substan-
tial ppGpp increase in unirradiated controls, i.e. log
phase cells growing in rich medium with vigorous
shaking, which were spun down, resuspended in
cold 150 mM NaCl, and then kept 60 min in an ice
bath. As seen in Table 4 the ppGpp excess found

Table 3. Effect of near-UV on SDH activity of E. coli K-12 grown in different pre-
irradiation conditions

Pre-irrad. growth
in E + succinate

supplement temp. unirradiated
None 37°C 18.4
None 30°C 9.1
Sucrose 37°C 17.9
Glycerol 37°C 7.8

SDH activity (nmol/mg/h)

% SDH
irradiated inhibition
85
60
49
2

.\l.\C"'JI\)
[SSI SO Ne NN

Cells were grown from an OD of 0.100 to about 0.800 in medium E + 7.5 mM sodium
succinate. supplemented or not with 300 mM sucrose or 200 mM glycerol and incubated at
cither 37° or 30°C (see Table). Cells were irradiated (1.2 X 10° J/m?) as described in
Materials and Methods, resuspended at an OD of 0.600 in E + succinate (no additions).
incubated 10 min at 37°C and the SDH activity measured in cell free extracts as indicated

in the text.
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Table 4. Effect of culture conditions on ppGpp degradation during the growth delay induced by near-UV in E. coli
-12

unsuppl. TYB

Intracellular {*2P]-labeled ppGpp (cpm/pg cell. protein)

unsuppl. TYB TYB + sucrose

TYB + glycerol

Growth 37°C 30°C 37°C 37°C
delay -
min Unirr. Irrad. Unirr. Irrad. Unirr. Irrad. Unirr. Irrad.
0 372 11.00 2.93 15.60 3.70 22.10 4.20 14.50
15 0.27 4.59 0.16 7.40 0.58 13.20 0.39 6.30
30 0.22 3.98 0.14 3.40 0.24 3.90 0.30 3.60
60 0.20 0.41 0.15 0.20 0.10 0.38 0.10 0.30
90 0.08 0.10 0.07 0.09 0.06 0.12 0.07 0.12

Cells were grown from an OD of 0.100 to 0.800 in the presence of [*Plorthophosphoric acid in TYB supplemented
or not with 300 mM sucrose or 200 mM glycerol at cither 37° or 30°C (scc above). Harvested by centrifugation, cells
were irradiated (1.2 x 10° J/m?) in saline solution as described in Materials and Mcthods. resuspended in TYB (no
additions) and the growth delay followed at either 37°C (cells previously grown in plain TYB at 37°C) or at 43°C (all
the other groups). ppGpp levels and cellular protein content were simultaneously measured as indicated in the text,
the latter in precipitates saved after formic acid extraction.

at 0 time after illumination was quickly degraded,
and cells recovered guanosine polyphosphate basal
level shortly after reincubation.

The unexpected high concentration of guanosine
polyphosphates found in unirradiated controls is
attributed to the stress suffered by the cells with the
drastic change in environment described above. In
fact, the accumulation of ppGpp was originally
observed in stringent but not in relaxed strains
during amino acid deprivation (Cashel, 1969), and
afterward it was shown that cells accumulate rather
high levels of the nucleotide upon starvation of
sources of carbon. potassium or phosphates, or
upon “energy step down” (Lazzarini and Cashel,
1971 Goldberg and St. John 1976). Moreover,
Cashel (1975) analyzed a relA independent ppGpp
accumulation occurring in a variety of treatments
like interruption of aereation (Lund and
Kjeldgaard, 1972) and sodium chloride solutions
(Harshman and Yamasaki. 1972), amongst others.
Later. St. John and Goldberg (1978) reported
accumulation of ppGpp when ATP production was
lowered by electron transport inhibition. We suggest
that the increased levels of ppGpp found in unir-
radiated cells were probably induced by one or more
of the above factors.

Regarding irradiated cells, they showed at 0 time
after UV-exposure an even higher nucleotide con-
centration than unexposed controls (Table 4) which
was degraded with a half decay time close to 15
min. [t is noteworthy that 60 min after near-UV
exposure the intracellular ppGpp concentration was
almost equivalent in all irradiated samples, regard-
less of temperature or medium composition. Yet,
the growth delay extent showed a remarkable differ-
ence. since cells in unsupplemented TYB at 37°C
suffered a 100 min lag while in all other conditions
normal growth reinitiated about 40 min earlier,
showing that only those whose envelope biochemi-
cal functions were restored to normality by the

influence of environmental conditions were rescued
from the growth lag.

In summary, we postulate that the growth delay
induced by sublethal doses of 366 nm UV radiation,
result from the association of membrane pertur-
bation(s) with the photochemical cross-linking of
tRNA’s amplified by the stringent response.
Changes in environmental conditions known to
influence membrane properties affect biochemical
functions determining modifications in the lag
extent, allowing irradiated cells to resume normal
growth. As seen on Table 4, 60 min was the post-
irradiation time required for cells from all assayed
conditions to return ppGpp concentration to basal
levels, but only those recovering membrane normal
activities were able to reinitiate normal growth, sug-
gesting that 60 min could be the true lag required
by cells in our experimental conditions to recover
from the photochemical tRNA-stringent response
effect.
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