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IN ESCHfiR/CHIH COLI K-12
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uMMARY A new forward n, utation assay was ticvcloped \\, ith 1:3chci'Ichid coh
using alkalinc phDsphatasc (APasc) constitutivc mutations as a genetic marker.

Mutation in any one of the thrcc regulator gcncs (phDR, 7' and S) is 1<nown to make
the cell constitutive for APasc synthesis and enablc the mutants to form larger
colonies on 13-glyccrophosphatc platc under the condition of excess inorganic phos-
phate. This property \\, as used for qualitative and quantitativc assay of chemical
inutagcns.

Attempts wcre made to constrtict suitable strains for this assay by introduction
of various genetic traits that might incrcasc the scnsitivity, of mutation. Three
known chemical inutagcns (A1-methyl-A"-nitro-N-nitrosoguanidinc (MNNG),
methyl methanesulfonatc (MMS), and 4-nitroquinolinc-i-oxide (NQNO)) \\, ere
employcd as reference compounds in the quantitative assay. Among the strains
constructed, a testcr strain witlT genetic markers if-/, 1101'H and pKMIOl was the
most sensitive to these compounds, judging from tests on concentration-dependent
inutagenic activity.

The nlerits and limitations of the present system are discussed.

INTRODUCTION

Since there is accumulating evidence of a
close correlation between environmental agents
with inutagenic activity and cancer, it is of
considerable Importance to develop a screen-
ing system for rapid and efficient detection of
inutagenic agents. At present the assay
s}, stem developed by Ames and his associates
utilizing 8,171io?lend Iyj>hi?""rit{"I is the most
widely used short-term ITTicrobial assay, system

(Ames et a1. , 1973). In this assay, specific
lesions in the histidinc arc back-operon

inutated or suppressed to allo\\, the bactcrium
to synthesizc ITistidine. Thereforc, in this
system several strains should be used SImul-
taneously to provide a variety of genetic
lesions as targets, because certain chemical
classes sho\\, specificity with regard to the
kind of mutations the^ induce and the se-
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quences of DNA they attack.
An alternative to reversion assay is forward

which can detect mutationsmutation assay,
that occur over a larger part of the DNA and
any kind of genetic lesion that alters a parti-
CUIar phenotype. This system might thus
detect some inutagens that are not detectable

assay. Attempts to developby reversion

quantitative forward mutation systems with
bacteria have been described recently (Ames
at a1. , 1971; MDhn, 1973 ; PUGy0, 1978;
Skopek at a1. , 1978a).

We developed a forward mutation assay
with fschert'chi" cola' 1<-12 which is based on

the ability of alkaline phosphatase (APase)
constitutive mutants to form large colonies
on a selective plate. Synthesis of APase by
the standard strain of E. coli 1<-12 is repressed
when the cells are grown in medium contain-
ing excess inorganic phosphate, and the en-
zyme appears only after the medium has be-
come depleted of inorganic phosphate (Tor-
riani and Rothman, 1961). However, cells
with mutation of the regulator genes phoR,
phoS, and 15hoT produce the enzyme constitu-
tirely (Wiltsky at a1. , 1973), and thi^ on"bl. ^
these mutant cells to form larger colonies with
13-glycerophosphate as carbon source in the
presence of excess phosphate on the selective
plate (Torriani and Rothman, 1961).

The f. cola' strains used for our assay were
constructed by combining genetic

traits which were expected to increase the
sensitivity of the mutation assay. These were
ManH, tjf-I, and plasmid pKMIOl. This
paper describes the assay system and results
of qualitative and quantitative assays using
some typical chemical inutagens.

\\!ako Pure Chemical Industries, Ltd. ; 5-brom0-4-
chlor0-3-in do Iyl phosphate, p-toIuidine salt (XP)
"rid ,-gly. .,, ph, ,phit" (,-GP) w""" from Sigm"
Chemical Co

2. asstty conditions

I) Qualitative assay (Spot test)
Overnight liquid cultures for mutation assay were

made in TG-C medium (consisting of 0.1 M Tris
bumr (pH 7.2), 0.08 M N"C1,0.02 M 1<C1,0.02 M
NH, Cl, I inM MgC12, 2.5 inM Na2S0, , 0.2 mill
CaClg, 2I'M FeClg, 2 PM ZnCl, , I% glucose,
0.64 inM KHgP04,0.2% carsamino acids and 511glml
thinmine) at 37'C. Then 0.1 inI of the overnigltt
culture was spread on a TCP-C-XP plate (contain-
ing of 40 11gjmlXP, 1.5% agar and allthe components
TG-C medium except glucose, which was replaced
by 0.33% 13-GP as the carbon source). Filter paper
discs \\, ere placed on the plate, and test chemicals at
appropriate concentrations in a \, o1ume of 20 111
were applied to these discs. The plate was then
incubated for 3 days at 37'C for tjf' strains and at
39'C for tjf-I strains. APase constittiti\, e mutant
colonies were detected as larger colonies around the
discs containing inutagen ; the colonies appeared
blue since the XP included in the plate stained the
enzyme APase
2) Quantitative assay

A 0.1 in I portion of the overnigltt CLIlture and the
test compound in 20 A1 of dimethyl sulfoxide were
"dded to 2inI of top "gar (0.6% NaCl and 0.5%
agar) and the mixture \\, as layered over a TCP-C-
XP plate. Sur\, iving cells were counted on a
Tcly-C plate (1.5% agar in TG-C medium with
glycerol instead of glucose) \\, ith and \\, ithout the
test chemical. When tjf' strains were used the
plates \\, ere incubated for 3 days at 37'C. However,
tv'-I strains were used and the plates \\, ere incubated
at 41'C or 37'C throughout, the sensitivity of inuta-
genicity \\, as unexpectedly low. we, therefore, ex-
amined the optimal incubation conditions for the
expression of tjf dependent error prone repair func-
tion in the present assay by changing the Iengtlt of
the initial incubation periods at 41'C. As shown in
Fig. I, incubation of plates for 24 hr at 41'C and
for a ftirther 48 hr at 37'C ga\, e the highest sensi-
tivity to MMS, as examined by production of APase

Therefore, \\, e employed theseconstitutive mutants

incLibation conditions \\. hen tjf- I strains were used
for the assay

METHODS AND RESULTS

I. Cliemicn/s

N-lv'lethyl-N'-nitro-N-nitrosoguanidine(MNNG),
4-nitroquinoline-I-Oxide(NQNO) and N-nitroso-
methylurea \\, ere purchased from Nakarai Chemicals,
Ltd; methyl methanesulfonate(MMS) was from
Aidrich Chemical Co. ; etltylene dinromide was from

various
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FIGURE I. Determination of optimal incubation conditions for assay \\, ith
In strain (K1201). Numbers of APase constitutive mutant colonies formed
on a TCP-C-XI' plate (ordinate) witlt MMS (2It liplate, .-.) or witltout
MMS (0-0) are plotted against tlle initial incubatioit period at 41'C.
TITe plates were incubated at 37'C for the rest of the total incubation
period of 721. r

o 711.5 19

3. Curls1,11ctio" of t/Ie Ies!e, styni, ,s

While we were trying to Improve the sensitivity

of the present assay system by constructing the
tester strtiins witlt various genetic backgrounds, we
noticed that some strains did not produce Apuse
constitutive mutant colonies on TCP-C-XP plates
with the inutagen (MNNG). Since one I-ifr strain
W2252 gave a positive response in the present assay,
the responsive genetic character (named APM') was
transferred from tltis strain by conjugation to APM~
strains (IMl and GC714) for use in the assay

24

1,074, \vhiclT is defective
in excision repair of dam-

aged DNA, is 1<nown to in-
the sensitivity of

assays (Kondo at all. , 1970),
and If- I, which expresses
error prone repair at ITigh
temperature, has been shown

to enhance the inutagenicity
by MMS (Walker, 1977).
$11H suppresses deletereous

filamentation of the cell by
141'-I expression at high tern-
peraturc, but allows error

fLinctionprone repair

(Gcorgc at "I. , 1975). We
included strains witlT these

genetic traits In oLir assay
system

Plasmid pKMIOl, which

enhances tlTc sensitivity to
many inutngens (MCCann
at a1. , 1975a; Sitopel< at all
1978b), was introduced into
the tester strains by con-
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TABLE I. Bncterz'o1 styaz'"s used
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Strain

IMl

KllOl

Kllll

GC714

K1201

K1211

W2252

Jugation. The tester strains thus constructed are
shown in Table I

wild

APM"'

APM', pKMIOl

117-I, $114-11, Mora

APM', t, /-I, $114-11, ""'A

APM', 117-I, yia-11, Mora, pKMIOi
APM' HfrC

Relevant genotype

4. AtNittriio, I of Ih" fortunrt! '11/11ut, 'o71 assuy syste, ,I

A qualitative spot test Is a simple procedure for
use in screening a large number of chemicals. The
typical appearance of a positive result in this test
using MNNG as nTutagen is shown in Fig. 2. A
circle of large blue colonies (APnse constitLitive
mutants) is seen around the spot of tlTe inutagenic
chemical, which forms a concentration gradient from
the point of applicatioit on incubation for 3 days

" Ability to produce mutants forming large blue colonies on TCP-C-XP plates

C"stellazzi, at a1. (1972)

Recombinant obtained from a cross : W2252 xIMl

KllOl into \\. hiclT PKMIOl \\. as introduced

G. George

Recembinant obtained from a cross : \V2252 x GC714

K1201 into which pKMIOl was introduced
M. Ishibashi

,

Derivation or sources

IZUTANi, K. at al. For"ard 1/11/1011'o11 nsmy 101' sri'ee"1'11g cal'tilloge, is 71



FIGURE 2. Spot test for APase constitutive inuta-
tion assay. 20 F1 of MNNG was spotted on a filter
disc in the center of a TGp-C-XP plate seeded with
KllOl cells. Details of the assay procedure are
described in the text. The mutant colonies ap.
peared around the zone of inhibition

Five chemicals (ethylene dibromide, N-nitrosome-
thylurea, MMS, NQNO and MNNG), which are
all known to be inutagenic, were chosen for use in
the assay. All of them produced APase constitutive
mutants in the assay. The approximate sensitivities
of the test strains are summarized in Table 2.

To test the validity of the assay and compare the
sensitivities of the constructed strains, we carried out
quantitative inutagenicity tests (Fig. 3A-C). Three
inutagens, MNNG, MMS and NQNO, were selected
for use in the assay because their modes of action
were different. The inutagenic activities of the
three chemicals were detected on assay with wild
type strain KllOl. With strains Kllll and K1211,
pKMIOl enhanced the inutagenic effects of all three
chemicals. The inutagenic effects of the three
chemicals were also enhanced by the tjf-I and arurA
alleles, as shown in tests with K1201 and K1211
The relative sensitivities of the strains were coin.

TABLE 2. Q"afitotzbe mutation assay of 21,720us chemzc@Is 002'th the tester styaz'"s

Chemical (applied to the paper disc)

Ethylene dibromide (20 1.1)

Methyl methanesulfonate (51.1)

4-Nitroquinoline-I-Oxide (20 11g)
N-Methyl-N'-nitro-N-nit, OSoguanidine (20 "g)
N-Nitrosomethylurea (10 Ag)

The assay procedure was as described in the text
no detectable mutant colonies were formed

,= : a few mutant colonies were formed

+ : many mutant colonies were formed

+F : many mutant colonies were formed with less than the dose of inutagen described here

TABLE 3. Sensz'tit!212t!s of Dart'0"s styot'"s to the three typ, 'cal martoge"s

N-Methyl-N'-notro-N-nitrosoguanidine
(/, g per plate)

Methyl methanesulfonate (#I per plate)
4-Nitroquinoline-1-0xide (11g per plate)

KllOl

it The concentrarion corresponding to the intersection of the linear portion of the mutation curve extra-
polated to the abscissa in Figs. 3A to C was arbitrarily defined as the lowest effective dose for inuta-
genesis.

Chemical

+

+

+

+

Kllll

Strain

+

+

+

+

+
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K1201
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+

+

+r

+

+

K1211

+

+

+r

+

+}

KllOl

7.8

Lowest effective dose"

1.6

13

Kllll

3.8

0.93

5.4

K1201

0.96

0.27

0.11

K1211

0.68

019

O. 08
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FIGURE 3A-C. Comparison of rclative sensitivities
OF the test strains to tlle representativc ntut"gens,
MNNG(A), MMS(B) and NQNO(C). Apus. .on-
stitLitivc mutation \\, as measured as dcscribcd in the

The mean number of spontaneous mutanttext

colonies p", PI"te (125 f0" 1</101.69 10" 1<11/1,
I+9 for 1<1201 and 130 for 1<12/1) w"s subt, acted
Triplicate plates were used for each experiment
Tite concentrations of inutagens used in the present
assay were \\. Ithin thc range giving 1096 survivors
of urich strain. The tcst strains were 1</101 (wild)
(0), 1<11/1 (wild, pKM101) (0), 1<1201 (111, ,, orH)
(,), "rid 1<12/1 (fir', I, ", A, pKMIOl) (A)

0.2 0.3 050.71

B

O. I

Coneentration Of a'plate)

pared by tests with the lowest effective doses of the

chemicals for inutagcnesis. As shown in Table 3,
the sensitivities of the constructed strains in the

assay decreased in the following order

0.2 0.3 05

Concentration (#PIPlate)

2 46

23

10 20

5710

K1211 (of. $11. ,,", A, pKMIOl)>K1201 (!if. $11.
un, a) > Killl (pKMIOl) > KllOl (wild type)

DISCUSSION

In the present study we showed that APase
constitutive mutations could be Liscd for for-

ward mutation assay. The sensitivity of the
assay, was considerably enhanced by intro-
ducing some genetic characters, such as 111,
Mora and pKA, 1101, into the tester strains.

12UTAXi, K. at al. FD, tonJ'of 11,111nt, 'o11 nssny 101' sc, ', e"intr mrt, ',, oge, ,s 73



In the present assay, the mutants not only
formed large colonies, but were also stained
blue on a TCP-C-XP plate, and in this way
colonies of true mutants could be identified.

Another advantage of the assay is its simplicity,
and its requirement for only one tester strain
instead of the five needed in Ames' test

(M. Cann at a1. , 1975h). Thus hang, number^
of chemicals can be screened by this spot test.
In quantitative tests our tester strain, K1211,
(table 3) showed the same order of sensitivity
to three inutagens as observed with Ames'
tester strains by MCCann at a1. (1975b).

we think that the APNl' character is gene-
tic, because it is transfer able by conjugation
and is stable. APM~ cells did not form large
blue colonies on a TCP-C-XP plate contain-
ing inutagen, but they formed them on a
TGp-C-XP plate when exposed to inutagen
(MNNG) in Iiq"Id colture and than spread
on the plate without inutagen. Among the
strains examined, KIO, W3747, \V3623 and
F-Silver were API\I' while AB1157, from
which lilyll and GC71+ were derived, and
AT2427 and IC411 were API, {~. No cor-

relation was found between the APL!I' char-

acter and any known genetic marker, and no
genealogical relationship was seen among the
strains with the APM' character in the pedi-
gree charts of Bachmann (1972). At present
we have no explanation why APM~ strains do
not respond to inutagens in the assay.

The inutagenicities of a few known inuta-
gens (9-aminoacridine and profiavine) were
not detected in the present assay. Since some
chemicals do not readily penetrate into the
cells, we expect that positive results could be
obtained by introducing a permeability inuta-
tion, such as toIC or e"?!A, into the tester
strain (Otsuji et a1. , 1978; Moreau et a1. , 1976).
Attempts are also being made to include a

for ofmicrosome activation system assay
chemicals that need metabolic activation for

inutagenesis.
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