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Hcal shock and thiamine deprivation resulting Escherichia coli
tolerance to formaldehyde stress depend on error-free DNA
repair process. Heat shock and thiamine deprivation cause a
simultaneous increase in mutation frequency and induce reversion to
prototrophy of different nutritional markers as shown in this study
through Ames fluctuation tests. Both non-mutagenic stresses in the
presence of formaldehyde have now shown reduction in mutation
frequency induced to prototrophy. These effects are due to the higher
increase in the genotoxicity of formaldehyde in different E. coli
strains. Both E. coli strains, AB1157 and AB1884, exposed to 37°C
and 52°C, respectively appeared more resistant to formaldehyde
concentrations in preincubation experiments. Formaldehyde appeared
different levels of genotoxicity among different E, coli strains, in plate
tests. The increase of resistance to formaldehyde is due entirely to an
increase in the capacity of the cells for DNA repair. The results
indicated that heat shock and thiamine deprivation could induce
error-free DNA repair process in E. coli as shown herein in the control
experiments of Ames-standard and modified fluctuation tests. The
latter arises to the positive growth leading to significant reduction in
pH than 7.2. Thus, both different types of stress are abie to induce
error-free DNA repair in E. coli cells. Bacterial growth in the
Ames-fluctuation tests was negatively correlated with reduce in pH
than 7.2. Results obtained from the analysis of variance revealed that;
heat shock, formaldehyde concentrations and the interaction between
both of them (in some cases) significantly affected on the bacterial
growth and also reduced pH below 7.2,
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The synthesis of a special group of proteins, called stress or heat shock proteins,
is induced in all organisms by sudden increase in temperature or many other
stresses, including treatment with chemicals or infection by viruses (Craig,
1985; Lindquist, 1986 and Neidhardt ef al., 1984). The function of these proteins
is unknown, but circumstantial evidence suggests that they may protect cells
against the inducing agent (Craig, 1985 and Lindquist, 1986) .Similarly, DNA
damage or interference with DNA replication are able to induce DNA repair
systems in bacteria (Walker, 1984). Previous work (Fitt and Sharma, 1991,
Sharma and Fitt, 1990) has shown that heat shock or defined nutritional stresses
cause the induction , in exponential phase of Escherichia coli AB1157 or
JE1011, of an error-free DNA repair pathway. In Escherichia coli, with which
the majority of experiments on inducible DNA repair mechanisms have been
performed, two such pathways have been studied in detail and are known as the
adaptive and SOS responses, respectively (Walker, 1984). The former is induced
by certain alkylating agents and is error-free (non-mutagenic), whereas the latter
occurs in response to many treatments that damage DNA or affect its
replication, is error-prone, and is thought to play a major role in mutagenesis
{(Walker, 1984).

The SOS response involves the expression of more than 17 genes, and two of
these, groEL and dnaK, are also induced by heat shock (Walker, 1985), although
they are not known to play a role in the DNA repair process itself (Walker,
1985). The similarities between the effects of heat shock (Pardasani and Fitt,
1989a; Sharma and Fitt, 1990) and deprivation of amino acids, glucose
phosphate, or thiamine (Fitt and Sharma, 1991; Pardasani and Fitt, 198%a) on the
UV resistance of E. coli AB1157 prompted .to propose as a general hypothesis
(Pardasani and Fitt, 1989a) that they might arise via a single, excision
repair-dependent pathway inducible by a wide variety of mutagenic stresses.

The present paper addresses the question of the types of stress, deprivation of
amino acids (thiamine, it is a vitamin B) on the formaldehyde tolerance of
E. cali strains through plate tests, that elicit this response by showing that three
further unrelated, non-nutritional, chemical or physical treatments also have a
similar effect. Accordingly, this investigation studied the effects of
combinations of thiamine deprivation and heat shock on exponential stationary
phase cuitures of E. coli using Ames-fluctuation tests.
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Material and Methods

Bacterial strains and cultures :Three strains of E. coli K12 were kindly
provided from E. coli Genetic Stock Center, Yale University, New Haven,
USA , these strains as follows : (i) AB 1157 (CGSC 1157), genotype : F-,
thr-1, ara-14, leu B6,A (gpt - pro A) 62, lac Y}, tsx-33, qsr, supE 44, gal K5, x
rac” , hisG4 (Oc), rfb Dy, mgl-51, rps L3, kdg ksy xyl-5, mtl-1, arg E3) Oc),
thi-1; (i) AB 1884 (CGSC 1884) the uvrC34 mutant of AB 1157 and does not
have gsr of AB 1157; (iii) AB 1886 (CGSC 1886}, the uvr A6 mutant of AB
1157 and does not have gsr of AB 1157.

Cultures were grown at 37°C in a defined synthetic medium (SM) as
previously described (Fitt and Sharma, 1989). Sterile non-nutrient dilution
buffer was used according to Clowes and Hayes (1968). To study the effect of
thiamine deprivation, thiamine-deficient medium (TDM) , i. E. SM without
thiamine, was used according to Fitt and Sharma (1991). In the normal or
"standard® Ames-fluctuation assay, Davis-Mingioli Medium (DMM) was used,
as well as, a modified medium was also developed for use in fluctuation
assays. Media were adjusted to pH 7.2 before use according to Arlauskas et al.
(1985).

Minimal glucose agar medium (MGAM) consisting of 1.5% prolabo agar in
Vogel-Bonner medium E (50 x) [magnesium sulfate 10 g/L, potassium
phosphate dibasic anhydrous 500 g/L, sodium ammonium phosphate 175 g/L,
citric acid monohydrate 100 g/L] with 0.4% D-glucose was used for counting
mutant cells reverted to prototrophy. The pH of the medium was adjusted to
7.2 before pouring into plates. All plates were stored at 4°C and warmed to
room temperature before use. The top agar also consisted of (g/L), agar 0.6%
and sodium chloride 0.5%, according to Maron and Ames (1983).

Chemicals: Formaldehyde (HCHO) packed and distributed by El-Nasr
Company, Egypt, according to the methods of Prolabo was used in this study in
different concentrations. It consistes from 399 amino acids ( M . W . 30.03
KDa).

Assay of survival with preincubation: The method used was basically that
described by Ames et al (1975) for preincubation assays. In this assay, petri
plates were filled with 25 ml of autoclave-sterilized minimal glucose agar
medium (MGAM) containing 1% below the norma}l value of each of amino
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acids, L-histidine, L-leucine, E-trypotophan, L-threonine and thiamine for
which reversion to prototrophy was being studied. To each 2 ml of top agar in
the test tube, 0.1 ml of each concentration of formaldehyde, an aliquot of 0.1 ml
of 0.2 M sodium phosphate buffer (pH 7.4) and 0.1 m] from the suitable
dilution of the old culture of the tester E. coli strain grown for two wecks at
37°C in the thiamine-deficient mediuim (TDM) were added . The tubes were
vortexed and incubated at 37°C for two hours and shaken at moderate speed
during the incubation. Under these conditions, survival was determined by
plating no more than 100-200 celis per dish, using appropriate dilution in 0.9%
{wt/val) sterile saline from the old culture. The top agar was mixed and poured
over the surface of a minimal agar plate. After the agar had set, plates were
inverted and incubated at 37°C for 3-5 days. Colonies on the test and control
plates were counted, three replicates in each assay were used (Arlanskas et al.,
1985}.

Assay of survival without preincubation : The standard assay without
preincubation involves adding, in order, the test mutagen, the bacterial tester
strain and the buffer ( if required, to soft agar ) brief mixing and pouring
directly onto the minimal agar plates, This are in accordance to Levin et al.
(1982) with some modification related to Fitt and Sharma (1989). This assay
requires somewhat less time and fewer manipulations than the modification
with preincubation, but is somewhat less sensitive for some chemicals and
mutagens. Viable counts were performed on MGAM medium (Paradasani and
Fitt, 1989a). Dilutions were made with non-nutrient buffer, pH 7.0. The dishes
were incubated at 37°C and colonies were counted after 1-2 days (Fitt and
Sharma, 1991).

- Thiamine deprivation : Early-exponential phase cultures { O.D. 660 nm of
0.8-1.0 corresponding to approximately 0.5-1 x 107 cells / ml) were transferred
to the defined medium lacking thiamine and incubation was continued at 37°C
for a further 13 day according to Fitt and Sharma (1991).

Heat shock: Cultures were grown at 37°C to an 0.D. 660 nm of about 1.0
{mid-exponential phase, 10° cells/ml) and were then shifted to the higher
temperature of 48 or 52 °C for 45 min. Processing of the control (37°C) and
heat-shocked cultures then depended on the purpose of the experiment, as
described below. The cultures were grown in the appropriate synthetic medium
and subjected to heat shock. The cells were then treated with formaldehyde
before plating for survival assays. In the Ames-fluctuation test, heat-shocked
cultures were exposed to the test concentration of formaldehyde in a liquid
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medium in many replicates (50 test tubes, divided to five replicates each
containing 10 tubes). The results reported in this study are the mean of five
replicates.

Ames-fluctuation test: The Ames-fluctuation test was performed as
described by Hubbard et al. (1984). This assay is a modification of the Ames
test , the heat-shocked cultures were exposed to formaldehyde under study in a
liquid medium in many replicate cultures instead of the agar plate used in the
Ames assay. Samples (0.1) ml of the appropriate suspensions from
heat-shocked cultures in non-nutrient dilution buffer containing about 109
cells/ml were transferred to each concentration of formaldehyde. After 3-day
incubation, bromothymol blue (600 pg/ml) was added. Positive tubes
{containing prototrophic mutants) turned yellow, whereas negative tubes
remained green. For each experiment, spontaneous reversion in response to the
heat-shock was included. The significance of the results was statistically
determined with the x2: P< 0.05 for x2 > 3.84 and P < 0.01 for x2 > 6.63 (Green
et al., 1976). A compound is considered as mutagenic: (I} if it induces a
statistically significant increase in the number of positive tubes compared to
the solvent control, (ii) if a dose-effect relationship is noticeable and (iii) if the
result is reproducible,

Statistical analysis: Chi square (xz) of the Ames fluctuation assays were
calculated using the following formulla :-
x2=2n (- c)2 f({t+c)(2n-t-c), where n = total number of tubes in the
experiment, t = number of positive tubes with each concentration and
¢ = number of control positive tubes . Results were regarded as significant at
the 1% level if xZ values were greater than 6.63 . Each experiment involved 50
--control and 50 treated tubes. The data of plate incorporation and preincubation
were taken from the linear region of dose-response curves obtained by linear
regression analysis (Nielsen er al., 1992). The data were subjected to statistical
analysis of variance technique. Treatment means were compared at 0.05 and
0.01 probability levels using the least significant difference (L.5.D.) method as
mentioned by Gomez and Gomez (1984).

Results and Discussion

The standard assays with preincubation and plate incorporation:

The effect of thiamine deprivation and heat-shock on the resistance of
Escherichia coli AB1157 to formaldehyde is shown in Table 1. In the
conditions of preincubation at 37°C both non mutagenic stresses induced a
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little increase in cell survival. In all other cases, the addition of preincubation
resulted in greater survival than plate incorporation, this may due to an
increase of prototrophic mutants induced in this case, Heat-shock at 48°C gave
a large decrease in cell survival than at 37°C . In all cases shown here, the
preincubation addition resulted in greater sensitivity than plate incorporation in
respect of reversion to prototrophy. The effect therefore depends on protein
synthesis, this are in agreement with the results of Pardasani and Fitt (1989a),
who showed that thermal induction of UV resistance in E. coli JE 1011
required protein synthesis and/or cell growth. The present results are in
accordance with Sharma and Fitt (1990), who found that incubation of the
bacteria in minimal medium lacking thiamine caused an increase in UV
resistance and a decrease in induced mutation frequency similar to those
observed with the parental strain, but changes occurred more slowly.

As shown from the results presented in Table 2, cell survival at both assays
were large decrease gradually than in control experiment. Preincubation
experiment at 52°C revealed a large increase in the viability of cells than that of
the control and plate incorporation, this are due to a large increase in
prototrophy induced. Except at 52°C, cell survival showed a gradually large
decrease than that of the contro] experiment. It can be seen from these studies
that thiamine deprivation resulling to induce an error-free DNA repair process
in E. coli strains, leading to a large increase in tolerance of bacteria to
formaldehyde and a corresponding decrease in their formaldehyde-induced
prototro_phy.' The process is dependent on excision repair involving the Uvr
Cay4 in E coli AB 1884 endonuclease and presumably involves an increase in
the activity of this enzyme. The simplest hypothesis is that both types of stress
lead to the induction of a single regullon or gene network (Gottesman, 1984)
involving the Uvr gene. The fact that Uvr gene is a part of the SOS regulon
appears o be a complicating factor, but it is known that the Uvr , at least, is
transcribed from the different promoters. The stress-induced increase in Lvr
C34 endonuclease activity in the parental strain would permit a more efficient
removal of pyrimidine dimers from its DNA leading to an increased ceil
survival at 52°C in preincubation assay, together with a decreased lethal
mutation frequency owing to the elimination of the signal for SOS regulon
induction. Generally, it seems possible that the induction of error-free DNA
repair may be a relatively non-specific response to a wide variety of
non-mutagenic chemical, nutritional or physical stresses.
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TABLE 1. Effect of formaldehyde on prototrophic mutants induced from AB1157 strain after heat shock and thiamine deprivation.

Concentration No. of prototrophie nutants / il Survival %
Of formaldehyde 37°C 48°C 52°C 37°C 48=C 53°C
(ppnv/L) ax 10" bxI0'  axl10*  bxi00  axi0l by 10 a b 4 b a b
0o 131 127 36 445 1127 964 100) 100 L8] 100 1) 100
16 120 £30 27 345 1050 954 91 102 75 77 93 98
20 109 134 19 246 974 944 83 105 52 55 86 97
kit g0 138 It 147 807 Q34 75 108 30 1 79 96
40 88 142 3 48 821 925 67 111 8 10 72 95
50 77 146 00 00 744 915 58 14 00 00 06 94

a = Plate incorporation.

TABLE 2. Effect

b = Preincubation.

of formaldehyde on prototrophic mutants induced from AB1157 strain after heat shock and thiamine deprivation.

Concentration No. of protatrophic mutants / m) Survival %
Of formaldehyde 37°C 48°C s2°C 37°C 48°(C 52°C
(ppv/L) a b a b a B ) b a b a b
0.0 1444 1900 4687 k547 1£041 5009 160 190 100 100 100 100
10 1253 1697 3929 1273 9826 9371 86 89 83 82 B8 187
20 1062 1494 3172 999 8612 13734 73 78 67 6d 78 274
30 872 1291 2415 125 7317 18097 6) 67 sl 46 1] 361
40 681 {088 1658 452 G183 22460 57 35 29 56 44§
50 490G 885 901 - 178 4969 26823 33 46 14 1 45 535

a = Plate incorporation. b = Preincubation.
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The results of E. coli strain AB 1886 shown in Table 3 revealed that cell
survival after heat-shock showed a large decrease than in control experiment at
both assays of plate incorporation and preincubation experiments. This
appeared to agree partially with the conclusions of Mitche]l and Morrison
(1983) based on their studies of the thermal induction of UV resistance in
yeast, which they found to be dependent on recombinational repair and
independent of DNA-excision repair. The mechanism responsible for these
effects therefore differs fundamentally from the recombination-dependent
increase in UV resistance seen in yeast. In conclusion, the results presented
above in the respect of tolerance and or greater survival than those of control
experiment when the cells were treated with formaldehyde after heat shock and
thiamine deprivation is due entirely fo an increase in their capacity for DNA
excision repair. The latter arises wholly or partially from an increase in the
intracellular level of the key enzyme of the pathway, Uvr ABC endonuclease
(Fitt and Sharma, 1993). The real increase in positive protection of the DNA in
stressed cells may due to synthesis of a protein by heat shock and nutritional
stress that reduced the rate of pyrimidine dimer formation by altering DNA
conformation. This would enable the stressed celis to survive better without an
increase in excision repair capacity, since a given dose of formaldehyde would
produce fewer dimers. These results are in agreement with Goodson and
Rowbury (1991), who shown that prior exposure to many non-mutagenic
stresses causes a higher increase in the resistance of Escherichia coli K 12 to
short wavelength (254 nm) UV radiation. Heat-shock (Pardasani and Fitt,
1989b) have also been shown to induce this effect. The results obtained here
for all E. coli strains tested demonstrate a dose-response for increase or
decrease cell survival. Thus, the results with both auxotrophic markers reverted
to prototrophy show that the increase of resistance to formaldehyde must arise

. from an error-free DNA repair process.

It is, therefore, clear that a wide variety of non-mutagenic stresses is able to
induce error-free DNA repair, and the present study proposed that this may be
a general response to non-mutagenic stress in these bacteria (Sharma and Fitt,
1990). Most of the treatments described above have been shown by others to
induce formation of so-calied heat-shock or stress proteins (Craig, 1985 and
VanBogelen ef al, 1987). The function of the latter is still controversial, but
they may provide increased resistance to the inducing stresses (Craig, 1985).
However, the present study show that the duration of stress needed to give the
maximum formaldehyde resistance is Jonger than required to induce heat shock
protein synthesis. The results obtained in this study, together with those
obtained previously with DNA repair mutants (Pardasani and Fitt, 1989b),
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provide good support for the hypothesis that a common mechanism is involved
in producing the increased level of error-free DNA repair in E. coli subjected to
non-mutagenic stress. Escherichia coli has three largely error-free pathways of
DNA repair (Friedberg, 1985) : photoreactivation, specific for pyrimidine
dimers, excision repair, and recombinational repair. The last two are critical for
the survival of cells whose DNA in damaged (Friedberg, 1985). In summary,
the available evidence favors the explanation that the increase in resistance of
E. coli strains to formaldehyde caused by a wide variety of non-mutagenic
stresses is due to their common ability to induce a higher level of error-free
DNA excision repair in these cells.

Genotaxicity tests:

The tester strain, Escherichia coli AB1157 in the absence of formaldehyde
(Table 4) appeared a great level of positive tubes containing high rate of
mutation frequency induced to prototrophy at both standard and modified
fluctuation assays. In addition, at the concentration of 80 ul/L, appeared similar
results concerning the high rate of mutation frequency induced to prototrophy
using modified fluctuation test alone.

TABLE 3. Genotoxic activity of formaldehyde on prototrophic mutants induced
from AB1886 strain through heat shock and thiamine deprivation.

Concentration Mo. of prototroplic mutants < mi Survival
%)
Of formaldehyvde 37°C 48°C 37°C 48°C
{(ppk.) A b A b a b A b
G0 413 534 284 ERE 100 100 100 104
10 368 407 263 30 g4 76 93 95
20 323 284 242 285 78 33 85 99
3 279 133 122 268 67 29 78 84
+ 40 234 29 201 232 57 5 7t 79
30 189 an 181 235 46 0o 63 74

a = Plate ircorporation

b = Preincubation,

TABLE 4. Effect of heat shock and thiamine deprivation on the results of the
Ames-fluctuation test of AB1157 strain.

Concentration Number of positive tubes
Cr 37°C 48°C 529C
formaldehyde
(L) ST o MFT ¥ ST ¥ MFT XYl SFT © MiT
00 Lo 10 19 4 10 Hy
30 GO 100 10 op 00 1ty 8 166 § 00 100 1y C1]
160 () it 00 100 | 00 100 00 7 00 100 00 100
240 0% 100 by 100 06 100 &)} 25 00 100 00 100
320 Qo 100 00 100 00 10G 60 25 00 e 00 100
400 oG 100 00 100 0 100 00 25 00 100 00 100
25

SFT = Standard fivctualion test.

MFT = Modified fluctuation test,
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In addition , mutation frequency was decreased as a result of genotoxicity of
formaldehyde concentrations increased above 80 pl/L. The results indicated that
the toxic effect of formaldechyde studied on E. coli AB 1157 was shown at
160u/L using Ames-fluctuation test. This investigation revealed that fluctuation
test is the only tests able to demonstrate a genotoxic activity of formaldehyde.
Genotoxis : exerting an effect by damaging or otherwise interfering with the
action of a gene . This compound was added to some dairy products and it have a
health hazards for human populations. The results obtained in Table 5
concerning E. coli strain AB1884 revealed that heat shock and defined
nutritional stresses (thiamine deprivation) cause lowering induction of an
error-free DNA repair pathway using modified fluctuation test than those in
standard fluctuation (SFT). Treated cells at 37°C and thiamine deprivation
appeared lower mutation frequency induced at 80 ul/L alone using MFT and
SFT , while the higher concentrations were more genotoxic against E. coli
AB1884. In addition, cells treated with 48°C with thiamine deprivation are more
tolerant to both formaldehyde concentrations; 80 and 160u)/L. alone using a
standard fluctuation test and show similar and lower mutation frequency induced
than control experiment, respectively. The studies with DNA mutant repair of
E. coli AB 1884 support the review that these effects of non-mutagenic stress
depend on the DNA excision repair pathway or a closely related process. Two
possibilities need to be considered.

As shown from the results presented in Table 6, AB 1886 strain appeared
high tolerance to formaldehyde concentration than AB 1157 ( Table 4 ) strain
vsing modified fluctuation test (MFT). In addition, the control experiment also
revealed that heat shock and thiamine deprivation cause the induction of an
error-free DNA repair pathway in exponential phase of Escherichia coli
AB1886. Treated cells of AB1886 are more tolerance to formaldehyde using
MFT and show a lower frequency of mutation induced than contro} experiment.
Detailed studies (Fitt and Sharma, 198%; Pardasani and Fitt, 1989b) with E. coli
AB 1157 and several of its mutants, all isogenic with the parent strain except for
the characters examined, indicated that the effect of non-mutagenic stresses
(heat-shock or defined nutritional stresses) was dependent on the Uvr A, which
present in AB 1886 used in this study, and Uvr B genes and, less clearly, on Uvr C
present here in AB 1884, The similarities between the effects of heat-shock
(Sharma and Fitt, 1990) and thiamine deprivation (Fitt and Sharma, 1989) on the
formaldehyde tolerance of E. coli AB 1886 prompted (Sharma and Fitt, 1990) to
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propose as a general hypothesis that they might arise via a single, excision
repair-dependent pathway inducible by a wide variety of non-mutagenic
stresses. As shown in this work, heat-shock and thiamine deprivation ail
increase the tolerance of E. coli AB1886 to formaldehyde, as well as induced
lower percent of mutation frequency. The effects were dependent on protein
synthesis (Pardasani and Fitt, 1989a; Sharma and Fitt, 1990), increased to a
maximum with time of exposure to the stress (Fitt and Sharma, 1989) and were
very similar in all cases.

TABLE §. Effect of heat shock and thiamine deprivation on the results of the
Ames-fluctuation test of AB1884 strain.

Concentration Number of pesitive tubes
of farmaldehy dv e 48°C
Ll L} SFT . MET ¥ SFF v MFT X
0.0 0 4 10 06
80 2 66.67 2 4 76 1 G0 00 i
tot 4] 100 00 25 6 23 () G
240 40 ] 00 25 00 100 06 0g
4 320 0o 1043 00 a5 00 [E411] a0 [H¢)
| 100 00 100 0 25 00 160 00 00
SFT - Standarg flucsuation test. MFT = Moditied flucteation test

TABLE 6. Effect of heat shock and thiamine deprivation on the results of the
Ames-fluctuation test of AB1886 strain.

Concentra- Number of positive tubes
tien
of
formaldey- 37°C 48°C 52°C
de
(utLy SFT  »  MFY & [ SFF  AY MY v | SFT & M 7
00 10 10 10 10 10 10
80 00 100 4 1286 1 00 100 8 1411 6 66.67 4 4386
160 oG 100 3 250 00 100 4 4286 | 00 100 4 42,86
240 00 100 2 66.67 {1 00 100 2 6667 00 100 2 66.67
320 00 i00 00 100 ao 100 2 66.67 | 00 100 4 4286
300 00 100 00 100 00 100 0¢ 100 09 100 00 100
SFT = Srandard fluciuation test. MFT = Modified fluctuation test.
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The results presented in Tables 7, 8 and 9 support the results obtained
previously in Table 4, 5 and 6, respectively concerning the assay of
Ames-fluctuation test in which the bacteria heat-shocked and thiamine
deprivated stresses exposed to formaldehyde in liquid medium in many
replicate cultures (50 tube) for each concentration. Positive tubes containing
proptotrophic mutants which turned yellow revealed higher optical density
measurments for growth and more significant reduction in pH than the initial
value of 7.2. Whereas, negative tubes remained green with bromothymol blue
(600 pg/ml), appeared significant reduce in the optical density measurments of
bacterial growth than control bacteria. The resistance to formaldehyde are due
to formaldehyde dismutase-producing strains , this enzyme that catalyze a
dismutation of two molecules of formaldehyde to formate and methanol . The
functions of this enzyme are to detoxify formaldehyde thus rendering the
organism resistant to formaldehyde . Its synthesis is induced by addition of
formaldehyde to the medium . This indicated that formaldehyde inducing
significant genotoxic activity in E. coli cells both with standard and modified
fluctuation tests. The genotoxic effect of formaldehyde studied on E. coli may
explain the hazardous effects of its addition to dairy products on human heaith.
The mutagenic activity of this compound was also shown at the lower
concentration with the appearance of higher genotoxic effect. The results
obtained here point out that, the fluctuation test is more sensitive than plate
tests to study the genotoxic activity of formaldehyde. The infectants and
disinfectant by-products is cited by the World Health Organization (WHO)
infectious among the chemical found in drinking water that could represent
some hazards for public health (WHO, 1994). But, as the data concerning
health hazards associated with this compound of chemicals caused health
significance in drinking-water the guideline value was 900 ul/L.

Concerning formaldehyde detected, the fluctuation test is the most
interesting, as it able to detect the genotoxic activity of this compound. It can
be concluded that the available evidence favors the explanation that the
decrease in resistance of E. coli strains in the fluctuation test to formaldehyde
caused by non-mutagenic stresses is due to their common inability to induce a
higher level of error-free DNA excision repair in these cells and also to higher
genotoxicity related to higher concentrations. In this case, it is accompanied by
a large decrease in their mutation frequency induced to prototrophy by
formaldehyde. Most of the treatments described above have been shown by Fitt
et al. (1992 a&b ) to induce formation of so-called heat-shock or stress proteins
(Jenkins er al.,, 1988). The function of the latter is still controversial, but they
may provide increased resistance to the inducing stresses (Craig, 1985).
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TABLE 7. Effect of heat shock and thiamine deprivation on the detailed results of the Ames - fluctuation test of Escherichia coli AB1157.

Concentration 37°C 48°C 52%
Of formaldehyde SFT(N) MET(2) SET M1 ST MIT
(ul/Ly .0 PH{3) O.D. pH 0.D. PH o.n plH 0D pli 0.0, pH
6o0nm 660nm 664nm 660nm Go0nm aHinm

0.0 0.539 6.34 0.320 6.20 0.376 5.76 0.444 Hhd7 0216 5.98 0.288 5.65
80 0.020 6.92 0.248 6.18 0.007 6.99 0 t65 510 0.007 6492 0.159 5.83
160 0.021 6.88 0014 672 0.007 6.94 0.048 6.9} 0.005 6.91 0.028 6.94
240 0.039 6,98 (1O0S 6.7% 0.012 699 0.009 7.07 0005 6.93 0.008 6.99
320 Qo2 7.00 (.003 0.78 (1,055 646 0.00% 7.02 0,008 6491 (1L0O03 G.00
400 0.005 6.96 0.007 6.80 0.069 6.9 0.007 0.10 0.007 6.96 0.605 693

FICSl LX] * [T} L1 x LX) L] (1] L LX) LX) LX]
L.5.D. 0.05 0.091 0.07 0036 0.12 0.039 0.08 .08 0.28 0.019 0.05% 0.046 .14
0.0t 0.123 0.10 0.048 0.16 1.054 0.1l .06 0.38 0.026 fl{liit} 4.062 0.1%

()
(2
h

*, ** = P< (.05 and 0.01, respectively.

SFT = Standard fluctuation test .
MFT = Madified fluctuation lest
The initial pH = 7.2
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Heat-shock and thiamine deprivation also induces intermediate tolerance of
E. coli strains to formaldehyde by Uvr AC-independent mechanism. It is,
therefore, clear that a wide variety of non-mutagenic stresses is able to induce
error-free DNA repair, and it is also proposed that this may be a general
response to non-mutagenic stress in the bacteria (Sharma and Fitt, 1990). In
almost all kinds of cells subjected to heat shock , sudden rise in the growth
temperature , certain proteins { about 17 in E. coli ) begin to made much faster
than usual . If the new temperature is not too high ( e.g. 42 C° , E. coli ) the rate
of heat shock proteins synthesis soon declines and the normal pattern of protein
synthesis soon resumes ( in about 20 minutes in E. celi } . If the temperature is
too high for growth ( 50 C*for E. coli } synthesis of only heat shock proteins
continues . Heat - shock proteins may cause the entire pattern of gene
expression to be so abruptly shifed .

TABLE 8. Effect of heat shock and thiamine deprivation on the detailed
results of the Ames-fluctuation test of AB1884 strain.

Concentration 37°C 48°C
Of formaldehyvde SFT MFT SFT MFT
('L 0.b. Pi4 0.D. pH oD. pH 0D pH
660nm GE0nm H60nm 660nm
0.0 D282 6.32 0.191 6.90¢ 0.203 4.64 0.097 .17
80 0.013 6.36 0.084 7.08 0.339 4.85 0.036 713
160 0.025 678 0.008 7.32 0.154 6.14 0.008 7.19
240 Q.032 6.80 0.0G8 7.50 0.014 6.99 0.006 7.14
320 0.029 6.80 0.007 T1.32 0.004 7.01 0.014 T2
400 0.021 6.80 0.003 1.08 0.004 6.97 0.014 1.07
F zesi * NS NS NS i o NS *
LSD 0.03 0.022 0.117 0.44 0.07
0.0t 0.030 0.161 0.60 .09
SFT = Standard fluctuation test. MFT = Modified fluctuation test
The initial pH = 7.2
*. ¥+ =P<0.05and 0.0, respectiveiy NS = Not significant.

Correlation coefficients and regression equations were computed to study
the relationships between both the optical density for growth and changes in
pH (Table 10). It can be concluded that, in most cases of general, the optical
density for growth was negatively correlated with changes in pH. The present
results revealed that changes in pH are due to the bacterial growth in
fluctuation experiment. This work proved that the thermally and thiamine
deprivation affect to increase tolerance of E. coli to some formaldehyde
concentrations which is due to an error-free repair process, corresponding
affect to decrease pH than 7.2, this may be due to the increase in mutations
induced of reversion to prototrophy for auxotrophic markers.
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TABLE 9. Effect of heat shock and thiamine deprivation on the detailed results of the Ames - fluctuation test of Esckerichia coli
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TABLE 10. Relationships between both optical density for growth and change in pH for different E. coli strains affected by heat
shock and thiamine deprivation using Ames - Fluctuation tests

(Z0OT) € ON ‘L€ " 1o1qoLo1py *f 10437

Lscherichio coli sirains
Temperature Media AB 1157 AB 1880 1 AR 1§84
(°C) chressinn équalitm r chrussiun eyuaiion r Repression equalion r
37 SFT Y =697- 117X -{1.98** ¥ 701-337x .99 Y =695-1.8f«x 070
MFT Y =6.78-2.04 x -0.98%* Y - 7.08-692x (.88 Y =726-1.94x -0.84"*
43 SFT Y = 6.99-329x -0.99** Y = 6.6 +0.54 x IRER Y -698-737x <0924
MFT Y =690-717x 068 | ¥ -7.19-229x 0557 1Y =7124037x .66
52 SFT Y =695-4.49x -0.99** Y =689-447x -1 984+ NT
MTIT Y =695-509x -0.99%* Y = 759-444x -{LB1* NT

NT = Not tested,

SFT, MFT = Standard and modified fluctuation tests. respectively.

r= Correlation coefTicient
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Results obtained in the present study concerning the analysis of variance for
the Ames-modified fluctuation test (Tables 11 and 12) showed highly significant
differences among the treatments of both, changes in pH and the optical density
measurments of bacterial growth for both E. coli strains, AB1157 and AB1886,
The fact that the changes in pH medium are due when the sugar is fermented
sufficient acid is produced to the lower pH of the medium . From these
observations, there were clear differences between temperatures and there were
highly significant differences among the concentrations of formaldehyde for both
strains, AB1157 and AB1886. In eddition, mean squares of the interaction
between the temperatures of heat-shock and formaldehyde concentrations
appeared highly significant differences in E. coli strain AB1157 alone in
comparison with other strains. Thus, it can be concluded that the significant
effect of heat shock with thiamine deprivation and the concentrations of
formaldehyde on mutation frequency to prototrophy are due in most cases to
heat-shock temperatures and also to formaldehyde concentration, with the
addition in few cases to the interaction between both of them. All of them were
affect on the reversion of auxotrophic markers in E. coli strains to prototrophy
which revealed in bacterial growth and changes in pH as well.

Results obtained in Tables 13 and 14 appeared the same trend of
Ames-standard fluctuation test concerning bacterial growth and changes in pH.
In this observations, the significant differences of treatments are due to
heat-shock, temperatures, concentrations of formaldehyde and the interaction
between both of them, among the three strains of E. coli for both bacterial
growth and changes in pH. As shown here all of these factors were affect on the
reversion of E. coli to prototrophy, as well as, on an error-free DNA repair
process. It can be concluded that DNA damage can induce either error-free or
error-pronc DNA repair in E. coli. Heat-shock or nutritional deprivation, neither
of which is known to damage DNA, can induce error-free repair. Since DNA
damage induces both types of repair, it is interesting to speculate that some
stresses that do not damage DNA might also be able to induce error-prone as
opposed to error-free DNA repair systems. The thermal and nutritional stresses
induce tolerance in E. coli to formaldehyde has now been shown to depend on an
error-free DNA repair process. Both of them cause a simultancous induction in
the formaldehyde-induced frequency of mutation to prototrophy of nutritional
markers as shown in the control experiment of the fluctuation tests. In the
presence of formaldehyde both of them causes a simultaneous reduction in
mutation frequency induced to prototrophy. Thus, formaldehyde is a mutagenic
compound has a genotoxic hazards in E. coli strains and consequently on human
populations as well , whilst larger scale change to genetic material are involved.
In conclusion , this study supports the recommendation of prevention of using
formaldehyde in food and dairy products preservation .

Egypt. J. Microbiol . 37, No. 3 (2002)



(z007) £ 'ON ‘1§ " 1o1qoaoty ' 1di3g

TABLE 11. Analysis of variance for the detailed of the Ames-modified fluctuation test concerning change In pH responsed to growth
after the treatment with heat shock and formaldehyde concentrations

Degrees Excherichiu ondi strains
Source of freedom AB 1157 A 1886 df AB 1884
(dfy MS i M3 ¥ MS F

Replicates 4 0.02669 0.66° 153288 Fo6™t 4 002634 023"
Treatments 17 1.02187 25.39%* 310267 0. 1B** i 0.074 .65
Temperatures 2 0137134 T8t 85617 16 247* i 001411 g™
Concentrations 5 297992 74.03%* 6381627 12,7144 s 008179 072
Temp. x Cong, 10 0.18295 4.54%+ 0.45249 G.90% 5 0.07767 0.oy™
Error 34 0.04023 0.50221 22 0.114621

M3 = Mean squares. NS, %, #* Po 005 P 0.05 and P 0.01. respectively

TABLE 12. Analysis of variance for the detailed of the Ames-modified fluctuation test concerning optical density of growth at 630
nm in response to heat shock and formaldehyde concentrations

Degrees Escherichio coli strains
Source of freedom A3 1157 AT} 1886 dfr AR 1884
(dfy MS§ r MS ¥ e g

Replicates 4 0.6003 075 0.00616 a2 F] T 00536 0,46
Treatments 17 0.054%9 24528+ 022415 BO3*Y il 0 Uirﬁhﬁ 1.30“
Temperatures 2 0.0096 4700 1335 47820 ; 060689 0.50™
Concentrations 5 0.1808 88,27 014168 507 5 U-(H(Jt}h 713“
Temp. x Conc. (0 0.0096 .70 0.043 14 155" 5 0.00424 0.36™
Error 34 0.0020 0.02792 22 O:UI I;3 ‘

MS = Mean squares. NS, *, **= P> 0.05. P< .05 and P~ 0.0} respectively
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TABLE 13. Analysis of variance for the detailed of the Ames-modified fluctuation test concerning change in pH responsed to growth
after the treatment with heat shock and formaldehyde concentrations

Degrees . Exchericluo coli sirains

Source of freedom A3 57 A 1R86 T ur Al 1884

{dfy MS ) i M ¥ }; MS ! [
Replicates 4 0.09655 32894 0.041946 0.508™ 4 016724 i 03
Treatinents 17 0.67964 23100t 222802 27014 iy 151458 Sl e
Femperatures 2 0.05879 204137 1.03041 12.dges , 293463 T
Concentrations 5 242713 724,754 391647 47 dg et 5 3 6 700 7 4aue
Temp. x Conc. 10 0.08006 2727+ 1.62332 P.68% 5 '1 33805 2 7:;*
Error 34 0.0029) 0.08248 22 049165 T
MS = Mean squares. NS, *, **+= > (.05, P< 0.05 and P< 0.0 respectively 7

TABLE 14. Analysis of variance for the detailed of the Ames-modified fluctuation test concerning optical density of growth at 630
nm in responsed to heat shock and formaldehyde concentrations

Degrees Lschericliv ol strains

Saurce of freedom AR 1157 Al 1886 i’ AR 1884
(df} M5 5 MS 3 S F

Replicates 4 G.00157 042 0.00916 083 4 0.00190 0.26
Treatments 17 011414 30737+ 0.14380 1318+ it 0.47193 G 37
‘Temperatures 2 403203 RG2** 0.02800 257 I 004113 5.36*
Concentrations 5 033511 90.22%* 0.40350 36,980 i 0.4093064 12.2]=*
Temp. x Conc. 1o 0.02006 S.40** 0.03712 3400+ 5 0.05638 7.35%
Error 34 000371 0.HO91 22 0.00767

MS = Mean squares. NS, *, #*= P> (L05, P< 0.05 and P< 0.01, respectively
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