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SUMMARY

Growth of E. coli K12 in the presence of chlorpromazine or prometha-
zine resulted in the appearance of a special kind of mutational change
with a frequency of 5-109,. These cells were UV-sensitive and very
mucoid in their colony formation. The strains were characterized as
colanic acid producing on the basis of phage m-59 sensitivity and we
tentatively conclude that these mutants are Lon—.

In another series of experiments drug treatment of E. coli failed to
vield significant numbers of auxotrophs and the back mutation rate of a
number of S. typhimurium His~ strains was not significantly increased.

1., INTRODUCTION

Despite a vast literature on chlorpromazine the mechanism of action of this
widely used drug is not understood. Phenothiazines have an antibacterial effect on
different Gram-positive and Gram-negative bacteria (Bourden, 1961) and Molnér,
Kiraly & Mandi (1975) and Nathan (1961) showed that chlorpromazine produces
changes in the permeability of the cell membrane in some bacteria. In addition,
the phenothiazines have been shown to efficiently cure bacterial strains of R-factor
and F-plasmids of E. coli (Molnar et al. 1975; Mandi et al. 1975). In this connexion
the structural similarity between phenothiazine and acridine dyes, which can
interact directly with DNA, should be noted. These findings suggest that chlor-
promazine may have a multifocal action on bacteria and may even affect directly
the bacterial chromosome. A series of experiments was therefore initiated to
investigate the possible mutagenic effect of two commonly prescribed tranquil-
lizers and in this report the mutagenic effect of two phenothiazines on E. coli was
studied.

2. MATERIALS AND METHODS

Bacterial strains. E. colt K12 Hfr (3000) and E. coli K12 LE 140 (isx, str, lacA,
mal~ A*[F’ lac), The latter strain was lac— on the chromosome but carried an
F-prime plasmid which contained the lac region (Mandi et al. 1975). S. typhimurium,
wild type for envelope lipopoly-saccharide but His~ (frame-shift, missence and
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deletion mutants) strains to study the back mutation rate were obtained from
Dr R. W. Hedges. The F-prime strain, E. coli K12, 4282 (thi, metE, trpE, purE,
proC leu-6, mil, zyl, ara, lacZ, recA, str, tonA, azi) carrying F’'254, lact, proC+,
lont, purE+, lip+, was obtained from the E. coli Genetic Stock Centre.

For the analysis of mucoid mutants a virulent E. coli phage m-59, specific for
colanic acid producing bacteria was used (Stirm et al. 1974).

Chemicals. Commercial preparations of chlorpromazine-HCl (Hibernal) and
promethazine (Pipolphen) were obtained from EGYT Pharmaceutical Works,
Budapest. The phenothiazines were dissolved in physiological saline at pH 6-7.
Acridine orange was obtained from Reanal (Budapest).

Media. A tryptone-yeast extract liquid medium (MTY) was used for growing
bacteria under defined conditions (Alféldi, Raské & Kerekes, 1968). For plating
the bacteria eosine-methylene blue agar (EMB) and a non-defined yeast extract
peptone medium (YP) was used as a complete medium (Csiszar & Ivanovics, 1965).
The M-9 minimal medium contained 6-0 g of K,HPO,, 3-0g of NaH,PO,, 1-0g of
NH,Cl 0-5g NaCl, 4-0g of glucose 5-0 mg of thiamine and 0-001 M-MgSO, in
1-0 litre of distilled water, pH 7-2.

Isolation of mucoid mutants. E. coli K12 (3000) and E. coli K12 LE 140 were
first grown in MTY medium overnight at 37 °C. The bacteria were diluted 10*-fold
and 0-1 ml (c. 10% bacteria) added to 5:0 ml of MTY broth containing 80 xg/ml of
chlorpromazine or promethazine. The bacteria were grown at 37 °C without
shaking in the presence of the drugs for 24 h. Serial dilutions of the cultures were
made in physiological saline and 0-1 ml plated on EMB, YP or M-9 plates which
were then usually incubated at 37 °C for 24 h.

Isolation of auxotrophic mutants from chlorpromazine treated E. coli suspensions.
E. coli K12 (3000) was grown overnight into stationary phase in M-9 media. The
bacterial culture was centrifuged and washed in buffered saline (0-99, sodium
chloride in 00005 m phosphate buffer pH 6-8). The pellet was resuspended in the
buffered saline to X620 = 10. The bacterial suspension contained 1-5-2-3 x 10°
viable cells/ml. 500 xg/ml of chlorpromazine was added and the samples were in-
cubated in a water bath at 37 °C for 25 min. The viable cell number during this
time decreased to 3-4 x 103-1-5 x 10%. The samples were diluted fivefold in buffered
saline, centrifuged and washed. The pellets were resuspended in 10 ml of MTY
broth and incubated in a water bath at 37 °C with aeration for 8 h. Finally 0-1 m}
of various dilutions was plated on YP agar and incubated for 16 h at 37 °C. The plates
containing 100-200 colonies were replicated to M-9 agar medium and any auxo-
trophic mutants picked, purified and characterized by plating on M-9 plates
supplemented separately with different amino acids at 50 ug/ml final concentra-
tion. The detection of any direct mutagenic activity of chlorpromazine on §.
typhimurium His~ mutants was carried out essentially as described by Ames,
Lee & Durston (1973).

UV -sensitivity tests. Tests were carried out by irradiation of freshly streaked
bacterial suspensions on nutrient broth plates (Buxton & Holland, 1974).
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Fig. 1. E. coli K12 LE 140 was grown in the presence of 80 gg/ml chlorpromazine
(CPZ) in MTY media for 24 h. Different dilutions were prepared and 0-1 ml plated
on EMB agar which were incubated at 37 °C for 24 h. Normal colonies of both lac*
and lac—, plasmidless bacteria were obtained but some colonies were also mucoid and
formed large spreading colonies.
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3. RESULTS

Isolation of mucoid strains. Cultures of E. coli K12 (3000) and E. coli K12 LE 140
were grown at 37 °C for 24 h in MTY medium containing 80 ug/ml of chlorproma-
zine. The bacteria were then plated on EMB and M-9 agar plates after 24 h
incubation, 5-10 9, of the colonies were large and mucoid whilst the majority of the
colonies showed normal colony formation (Plate 1, Fig. 1). As described previously
(Méndiet al. 1975) this procedure also results in a high frequency of curing of the F'lac
strain LE 140. The appearance of mucoid colonies was however usually independent
of the curing of the plasmid in this strain. Purification and further serial cultivation
of the mucoid mutants produced no change in their mucoid properties and their
nutritional requirements were identical to those of the parent strains. Mucoid
mutants were similarly obtained from 8. typhimurium strains treated with
chlorpromazine. '

In contrast to the results with chlorpromazine, growth of bacteria in the presence
of acridine orange (80 ug/ml) failed to yield any mucoid colonies out of 1840
colonies tested.

Colanic acid production and UV-sensitivity of mucoid mutants. Characterization of
mucoid mutants was carried out with a virulent E. col¢ bacteriophage M-59,
specific for binding to colanic acid. This phage induces the synthesis of colanic acid
depolymerase in sensitive bacteria. Mutant and parent strains were plated on M-9
agar and one drop of the phage suspension placed on each seeded plate. The mucoid
mutants of both E. coli strains were lysed whilst the parent strains were unaffected
The results therefore indicated that the mucoid strains produced colanic acid.

In addition, several mucoid strains were tested and shown to be UV-sensitive in
plate tests, particularly at 30°, compared to the parental strain. These properties
of UV-sensitivity and over production of colanic acid are characteristic of Lon—
mutants of . coli (Hua & Markovitz, 1972). Phase contrast examination of colonial
forms of the mutants revealed the presence of non-septate filaments and further-
more, exponential cultures of mucoid strains but not the parent strains formed
large numbers of long filaments (> 50 x after) UV-irradiation. This is also a charac-
teristic property of Lon~— strains (Adler & Hardigree, 1964). Finally, one mucoid,
plasmidless derivative of strain LE 140 was crossed with an F-prime bearing
strain carrying the lon*, tsz+, lact markers on the plasmid. Lact transconjugants
were selected and several clones were tested and shown to be non-mucoid and
UV-resistant as well as bacteriophage T6 sensitive. We conclude therefore that
these strains are heterozygous for the lon region and that the mucoid parental strain
is therefore lon-.

Increased resistance of a lon mutant to chlorpromazine. The above results indicated
that chlorpromazine treatment of wild-type strains resulted in the selection of lon
mutants, presumably on the basis of the relative resistance of the latter to the drug.
Accordingly, a known lon mutant, MC102, and its isogenic parent, strain MC100,
were tested for resistance to chlorpromazine. Preliminary results showed that the
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Fig. 2. Selection of Lon~ bacteria after treatment of a mixed culture of Lon* and
Lon~ with chlorpromazine. Overnight cultures of E. coli MC100 and MC102 were
diluted to about 5 x 3 cells/ml and an equal volume of each used to inoculate MTY
medium. Aliquots were treated with different amounts of chlorpromazine and
incubated without shaking at 37 °C. Samples were taken at intervals, diluted and
plated to determine the ratio of mucoid (Lon~—) to non-mucoid (Lon*) colony
formers; O—Q, 40 ug chlorpromazine/ml; @ —@, 100 ug/ml; A—A 120 pgfml;
A—A, 140 pgfml.
minimal inhibitory concentration for MC100 is 130 xg chlorpromazine/ml and
170 pg/ml for the lon mutant. More strikingly, however, as shown in Fig. 2, in
mixed cultures of the Lon* and Lon~ strains containing high concentrations of the
drug, the wild-type strain is clearly selected against and after 24 h less than 0-001 %,
of Lon* colony formers could be detected. In contrast, at low concentrations
of chlorpromazine growth of the wild-type strain apppeared to be favoured.
Attempts to isolate auxotrophs. The possible production of auxotrophs from bacteria
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grown in MTY medium for 24 h at 37° in the presence of 80 ug of chlorpromazine,
was also tested. Thus, 3395 colonies of E. cols K12 (3000) and 1186 colonies E. cols
K12 LE 140 from the treated cultures were replicated to M-9 minimal agar, but
none of the tested colonies failed to grow on M-9 agar. Similar results were obtained
when the two strains of E. colt were cultivated in the presence of 80 ug/ml
promethazine. In this case 1516 colonies of E. coli K12 (3000) and 1086 of E. coli
K12 LE 140 were tested.

Table 1

From the overnight eultures of the tester strains 10-2 dilutions were made and 0-1 inocu-
lated into 10 ml fresh nutrient broth. These were incubated at 37 °C with shaking for 8 h;
0-1 ml was then mixed with 2-0 ml soft agar containing, 0, 30, 100, 300, 500 pg/ml of chlor-
promazine or acridine orange. The soft agar also contained 0-05mm histidine and 0-05 mm
of biotin. The bacteria were poured on to M-9 minimum agar plates, and the plates incubated
at 37 °C for 48 h. The number of revertant colonies obtained in each plate was determined and
the data shows the results of two independent experiments.

CPZ concentration Acridine orange
(ugml) concentration (ug/ml)
Auxotrophic s A S - A N
mutant Mutant type 0 30 100 300 500 O 30 100 300 500
E. coli K12 (3000)
Pro- 14 24 15 04 02 01 02 13 25 1.2
S. typhimurium
His~ strains
13 Frameshift -3 04 15 15 113 13 04 15 03 04
164 Amber 71 61 101 12-1 7-8 10-1 92 142 12-1 62
203 Deletion 01 02 01 02 01 01 00 01 02 00
421 Missence 56 78 68 06 81075 47 39 410 56
434 Amber 3-8 6-10 510 66 59 1-2 33 28 78 46
644 Deletion 01 00 21 00 00 01 01 00 00 00
712 Deletion 00 00 1.0 00 00 00 02 01 00 00
881 Amber 1-2 45 23 16 23 01 00 1.2 34 15
889 Missence -3 00 11 01 15 02 01 22 11 01

The isolation of auxotrophs was also attempted by brief treatment of bacteria
with a bacteriocidal concentration of chlorpromazine. E. coli K12 (3000) was
treated for 25 min in buffer with chlorpromazine at a concentration of 500 xg/ml.
The survivors were grown in MTY medium for several generations, and finally
plated out on YP agar; 6 out of 4269 colonies tested proved to be auxotrophic
mutants. However, all of these 6 strains required proline for growth and in other
experiments we failed to obtain any auxotrophs. Similarly, when the bacterial
suspension was treated for only 10 min with chlorpromazine we failed to obtain
any auxotrophs of the subsequently tested 1402 colonies. When the chlorproma-
zine treatment exceeded 30-35 min all the bacteria were killed.

Attempts to revert His~ mutants with chlorpromazine. The back mutation rate of
several His— mutants of S. typhimurium, grown in the presence of the drugs, was
tested as described by Ames ef al. (1972). It should be noted, however, that in this
case the His~ strans did not carry additional mutations rendering the cell surface
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more permeable. The reversion rate of the mutants, including one carrying a
frameshift mutation, did not change significantly in the presence of either chlor-
promazine or acridine orange (Tables 1, 2). Similarly, both drugs failed to produce
any significant increase in the reversion rate of a Pro—derivative of E. coli 3000. In
contrast, other mutagens, nitrosoguanidine, ethyl methyl sulphonate and 2-amino
purine, produced high frequencies of revertants in these tests.

Table 2

From an overnight culture of S. typhimurium strain 13 (His~, frameshift mutant) a 10~2
dilution was prepared and 0-1 ml inoculated into 10 ml fresh nutrient broth; chlorpromazine
or acridine orange was added to 0, 1-5, 15, 30, or 60 gg/ml final concentration. The cultures
were incubated with shaking at 37 °C for 10 h. Finally 0-1 ml of each was plated on M-9
minimum agar and the plates incubated at 37 °C for 48 h. The number of His* revertant
colonies obtained in three independent experiments is shown in the Table.

No. of His*
Concentration of drug revertants per
(pg/mi) plate
CPZ 0 2.1.1
15 1.1.2
15 0.3.2
30 3.0.0
60 0.0.1
Acridine orange 1-5 2.3.1
15 4.5.1
30 0.0
60 0.1.2

4. DISCUSSION

Chlorpromazine has numerous effects on the properties of surface membranes in
higher organisms (see review by Seeman, 1972) whilst in micro-organisms chlorpro-
mazine has been reported to inhibit respiration and multiplication of Saccharomyces
cerevisiae (Hughes & Wilke, 1970) and of Bacillus cereus (Orlowsky & Goldman,
1974), to induce changes in the properties of membranes in Lactobacillus plantarum
(Nathan, 1961) and in Bacillus anthracis (Molnir et al. 1975), and to inhibit
synthesis of the cell wall in Bacillus megaterium (Klubes, Fay & Cerna, 1971). Thus
the phenothiazines also appear to have a broad range of activity in micro-organisms
but particularly relating to the surface envelope. Several lines of evidence also
indicate that phenothiazines may interact directly with DNA. Thus, like the
structurally similar acridines, phenothiazines eliminate both F and R-factors from
strains of E. coli (Molnar et al. 1975, 1976; Mandi et al. 1975). Furthermore, Yamabe
(1973) reported that chlorpromazine decreases the fluorescence of DNA-acridine
orange complexes and that chlorpromazine can intercalcate into DNA without
displacement of acridine molecules from a DNA-acridine orange complex.

There have been reports that acridine dyes are weak mutagens in bacteria
(Webb & Kubitschek, 1963; Zampieri & Greenberg, 1965) but acridine induced
mutagenesis normally requires that bacteria are first made permeable (Roth,
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1974). Efficient curing of plasmids by acridines is therefore usually separable
from its mutagenic effects. Chlorpromazine in this study appeared to behave
similarly, having at most a very weak mutagenic activity in specific mutagen
tests, quite different from its efficient curing activity. In fact Tosk (1974) has
briefly reported that chlorpromazine failed to revert a frameshift mutant of
S. typhimurium even when tester strains permeable to acridine were employed.
In contrast to acridine, growth in the presence of chlorpromazine and other
phenothiazines promoted the appearance of colanic acid producing or ‘mucoid’
mutants at high frequency. On the basis of the UV-sensitivity of these mutants
and the preliminary genetic analysis of one such mutant we conclude that these
strains are Lon—. Similar mutants have been isolated from E. coli by ozone treat-
ment (Hamelin & Chung, 19754, b) although in this case the mutants appeared to
be more sensitive to ozone than the wild type. Mucoid mutants isolated in this
study, in contrast, were more resistant to chlorpromazine than the wild type. This
suggests that Lon— mutants were selected for their increased resistance to pheno-
thiazines, in which case this is a very convenient method for isolating Lon~— strains.

We are very grateful to Professor G. Ivdnovies for suggesting the use of the colanic acid
specific phage, M-59, for characterization of mucoid mutants and to Dr Stephen Stirm,
Max Planck-Institute for Immunbiology, University Freiburg, for providing the phage M-59.
We wish to acknowledge the skilled technical assistance of Maria Fogas.
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