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SUMMARY

A series of haloalkanes, some of them widely used in
industry and in the home, are shown to be mutagenic for
Salmonella typhimurium and preferentially to inhibit the
growth of DNA polymerase-deficient (pol A^) Escherichia
coli. It was found that the relative activities of the test
substances differed when examined in these systems and that
one of the agents was active in the pol At~ system only. In

view of these results it is suggested that both assays be used in
routine screening of environmental agents.

INTRODUCTION

Haloalkanes have many industrial and household distribu
tions. Their widest use is as pesticides, fumigants, and
antiknock substances. Recently, the mutagenicity of 2
members of the group, 1,2-DBE and 1,1-DBE, was reported
(1, 3-5, 9). The present study confirms the mutagenicity of
these substances and extends it to several other haloalkanes.
Evidence of the ability of these substances to react with the
DNA of living cells is also presented.

MATERIALS AND METHODS

Assay with DNA Polymerase-deficient E. coli. Essentially,
the procedure used was similar to the one described previously
(8). Bacteria (Â£".coli poi A* or its DNA polymerase-deficient
derivative, E. coli poi AI") were spread onto the surface of

agar plates. A sterile disc was placed on top of the agar and the
test substances were deposited directly onto the discs. This
modification of the original procedure was necessary because
of the volatile nature of some of the haloalkanes. The plates
were incubated at 37Â°for 8 hr, whereupon the diameters of

the zones of inhibition were measured. All assays were carried
out in duplicate on at least 3 different occasions.

Mutagenesis Assay Using 5. typhimurium. The qualitative
assay described by Ames (1) was followed. The substances
were placed onto filter discs that were deposited onto the
surface of the agar. The plates were incubated in the dark for
54 hr, whereupon histidine revertants were enumerated. The
Salmonella strains used in this study were TA 1530, TA 1535,
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and TA 1538. Strains TA 1530 and TA 1535 have a base-pair
change in the histidine G gene and can be used to detect
mutagens causing base-pair changes. In addition, both strains
carry a uvr B mutation. However, TA 1535 is a deep-rough
strain with a deficiency in the lipopolysaccharides that
increases its permeability to large molecules (1,2). Strain TA
1538 has a deletion of a single base in the histidine D gene; it
also carries the uvr B and deep-rough mutations. It can be used
to detect frame-shift mutations (2).

To test for mutagenicity in liquid media, bacteria (TA
1530) in Columbia broth (Baltimore Biological Laboratories,
Baltimore, Md.) were pulsed at 23Â°for short periods with the

test agent. The cells were harvested by centrifugation, washed
twice with broth, and resuspended in minimal medium;
dilutions were plated onto nutrient agar and minimal medium
to determine the number of survivors and revertants to
histidine-prototrophy, respectively.

RESULTS

Haloalkanes and DNA Polymerase-deficient Bacteria. When
bacteria are exposed to agents that alter the structure of their
DNA they attempt to overcome this damage by enzymatic
repair systems. The survival of such cells will then be
dependent upon their growth rate, the efficiency of their
repair system, the duration of exposure, and the concentration
of the agent used. The enzyme DNA polymerase I plays an
important role in DNA repair (see Ref. 7), and bacteria
deficient in this enzyme (poi A!") are more sensitive than are
their pol A+ parents to the inhibitory action of agents that

affect cellular DNA because these bacteria are unable
efficiently to repair damage to their DNA. Based upon thesefindings a bioassay using pol A+ and pol A! ~ E. coli was

developed for detecting potential mutagens and carcinogens
(8).

All of the haloalkanes examined inhibited the growth of the
poi A!" strain preferentially (Table 1). The relative activities of

these haloalkanes were determined by comparing the ratios of
the areas of the zones of inhibition on pol A, ~ and pol A+

strains. It was found (H. S. Rosenkranz and A. B. Stein,
unpublished results) that these values are independent of
concentration provided that identical amounts are used for
each strain. A ratio of 1.00 is indicative of a negative result
(e.g., chloramphenicol), while values in excess of 1.00 indicate
some preferential inhibition of the pol AT strain. By these
criteria it was found that tetrabromoethane and 1,1-DBE were
most active, while 1,2-DCE was least potent. The other
members of the group exhibited intermediate activities. It
appeared that the bromoalkanes were more active than were
their chloro analogs (1,2-DBE versus 1,2-DCE, tetrabromo-
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Table 1
Effect of Haloalkanes on the growth ofDNA polymerase-deficient E. coli

Relative activities were determined from the ratios of the areas of the zones of inhibition of the 2
strains. A value of 1.00 indicates lack of preferential inhibition of the poi A, strain.

Diameter of zones of
inhibition (mm) Relative activity

Agent
Amount polA* pol A, (Area of poi A, "/area of poi A*)

1,2-DBE1,1
-DBE1
,2-DCE1
-Bromo-2-chloroethane1
,5-Dibromopentane1
,2-Dibromo-2-methylpropane1
,1,2,2-Tetrabromoethane1
,1,2,2-TetrachIoroethaneMethyl

methanesulfonateChloramphenicol10

Ml10

fd10
Ml10
Ml10
Ml10

Ml10
Ml10
Ml10

Ml30
Mg151482212111935452820239271614354854281.782.701.261.511.781.623.391.881.441.00

ethane versus tetrachloroethane). The mixed haloethane
l-bromo-2-chloroethane had an activity intermediary to those
of 1,2-DBE and 1,2-DCE. When the bromine was on the same
carbon the biological activity (i.e., the ability preferentially to
inhibit the pol AT strain) was enhanced (1,1-DBE versus
1,2-DBE). When, however, the halogens were on different
carbon atoms, the distance between them had no appreciable
effect on the activity (1,2-DBE versus 1,5-dibromopentane).

Mutagenicity of Haloalkanes. The determination of relative
mutagenicities of the haloalkanes required the incorporation
of known amounts of the agents into the agar overlay while it
was still in the liquid (45Â°)phase (2). This proved impractical

because of the volatile nature of some of these substances
(T. J. Wlodkowski and H. S. Rosenkranz, unpublished results).
To overcome this problem the more qualitative assay (1) was
used. In this procedure the chemicals are deposited onto filter
discs rather than directly on the surface of the agar.

When this procedure was used it was found that the number
of revertant colonies per plate was a function of the amount of
reagent added to the plate, rate of diffusion (Chart 1), and size
of the zone of growth inhibition. A series of typical plates are
reproduced in Charts 2, 3, and 4. The data of Table 2, which
are uncorrected for the size of the zones of growth inhibition,
indicate that all of the haloalkanes tested, with the exception
of 1,1,2,2-tetrabromoethane, are mutagenic for S. typhi-
murium TA 1530 and TA 1535. None of the substances
induce mutations in TA 1538; i.e., those that are active induce
mutations of the base-substitution type only. On the other
hand, hydroxylaminoquinoline-jV-oxide, a known frame-shift
mutagen (2), induced revertants in strain TA 1538.

DISCUSSION

Although there is a linear relationship between the amount
of haloalkane added and the number of revertants induced
(Chart 1), the data summarized in Chart 1 and Table 2 do not
provide absolute indications of mutagenic activity because of
the problem involved with different sizes of zones of growth
inhibition (Charts 2 and 3) and different rates of diffusion in
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Chart 1. Effect of haloalkane concentration on mutagenicity for S.
typhimurium TA 1530. Â», 1,2-DBE; X, 1,5-dibromopentane; o ,
1,2-dibromo-2-methylpropane; o, l-bromo-2-chloroethanc; â€¢¿�,1,1,2,2-
tetrachloroethane; o, 1,1-DBE; A, 1,2-DCE; *, 1,1,2,2-tetrabromo
ethane.

agar. However, the findings indicate that the mutagenic po
tentials as determined by these procedures do not corre
spond to the order of relative abilities preferentially to inhibit
the growth of poi A!" strains. Tetrabromoethane, which was

the most potent in preferentially inhibiting the growth of thepol A!~ strain, displayed no mutagenic effect when tested in

the standard Salmonella assay used in screening for potential
mutagenicity and/or carcinogenicity of environmental factors.
It would appear, however, that the lack of mutagenic activity
displayed by tetrabromoethane is not an inherent lack of
mutagenicity but rather a feature of the test system used.
Thus, when bacteria (S. typhimurium TA 1530) in liquid
culture were pulsed for short intervals with tetrabromoethane
and then washed free of this agent and the frequency of
mutation was determined by plating on minimal and complete
media, the mutagenicity of this agent was readily demon
strable (Table 3). In the standard mutagenicity assay (1, 2)
results are expressed essentially as mutants per number of cells
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I.2-D1BROMOETHANE

Chart 2. Mutagenicity of 1,2-DBE for S. typhimurium. Minimal plates containing a trace of histidine received inoculations (see text) of (A)
strain TA 1530, (B) TA 1535, and (O TA 1538. A paper disc impregnated with 11.5 jumÃ³les1,2-DBE was deposited on the surface of each plate.
The plates were incubated at 37" for 54 hr and then examined for the appearance of histidine-independent colonies (mutants). Note the

appearance of mutants in a zone surrounding the discs in the plates inoculated with 5. typhimurium TA 1530 and TA 1535 but not TA 1538. This
indicates that 1,2-DBE induces base substitutions but not frame-shift mutations.

U-DIBROMOETHANE
Chart 3. Mutagenicity of 1,1-DBE for S. typhimurium. The procedure used is identical to the one described in the legend of Chart 2. Each disc

contains 5 AmÃ³lesof 1,1-DBE. Plates in A, B, and C received inoculations of TA 1530, TA 1535, and TA 1538, respectively.

WATER
Chart 4. Control plates for the experiments described in Charts 2 and 3. The procedure was identical except that the filter discs were

impregnated with sterile water. A, B, and C refer to strains TA 1530, TA 1535, and TA 1538, respectively.
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Table 2
Mutagenicity of haloalkanes for Salmonella

Agent

Revertants/plate

Amount TA 1530 TA 1535 TA 1538

,2-DBE,1-DBE,2-DCE-Bromo-2-chloroethane,5-Dibromopentane,2-Dibromo-2-methylpropane,1

,2,2-Tetrabromoethane,1
,2,2-TetrachloroethaneMethyl

methanesulfonateWaterChloramphenicol4-Hydroxylaminoquinoline-yV-oxide10

/emoles10
jumÃ³les10
jumÃ³les10
/uniÃ³les10
jumÃ³les10
/amÃ³les10
jumÃ³les10
/jmoleslOjul10/ul30/ug2.5

/ug132996SO65513367522377617232042143863543725496812649552263149181919131634172837191499

Table 3
Mutagenicity of 1,1,2,2-tetrabromoethane for

S. typhimurium TA 1530
Bacteria were exposed to 1,1,2,2-tetrabromoethane (1.25 X IO"5

M). At intervals the bacteria were harvested and washed, and the
numbers of mutants and viable cells were determined by plating on
appropriate media.

Time(min)Control5101520Viable
cells1.7X

10'2.6
X10"9.5
XIO74.8
XIO71.8X

IO7Mutants/106

survivors0.190.852.6310.2128.33

inoculated rather than as mutants per survivors. It seems that
the ability of tetrabromoethane to devitalize cells extensively
masks its mutagenicity in the plate assay system.

Because we have a number of other agents that were
positive in the E. coli pol Aj" system and negative in the

standard Salmonella assay for the same reasons, it is suggested
that, in order to decrease the number of false negatives, both
procedures be used in tandem in screening programs.

In view of the findings that haloalkanes, some of which are
widely used, may be mutagens and are able to alter DNA, it
would seem that further determination of their potential
hazard to health requires examination. Such a reappraisal is
especially timely as 1,2-DBE, one of the chemicals studied,
was recently reported to be carcinogenic for rodents (6).
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