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This report was prepared as an account of work 
sponsored by the United States Government. Neither l.he 
United States nor the United States Otpvtment of 
Enercr, nor any of their employees, nor any of their 
contractors, subcontr.cton, or their employees, makes 
any warranty, express or Implied, or IDUJnCS any lepl 
liability or responsibility for the accu11ey, c:ompleteness 
or USefulness of any information, apparatus, product or 
proce.a disclosed, or repretents that iu we would not 
infringe private ly owned righiJ. 

Fink, et al (1967) described a forward mutagenesis system: A SabnoneZZa 
typhimurium derivative containing the operator-constitutive mutant, 
his01242~ was incapable of growth on minimal agar at 43°C. When histidine 
was supplemented to the medium, it was found that many of the smooth colonies 
arising at the restrictive temperature foll owing ethyl methane sulfonate 
(EMS) treatment were his mutants. Dr. Goldschmidt has isolated mutants 
following treatment with a variety of mutagens. In an effort to extend the 
system to include the polycyclic hydrocarbon frameshift mutagens, he intro
duced a set of ga7J?-rfa mutations to improve penneability. His results 
revealed that the presence of •these cell wall defects impairs the ability 
of his mutants to grow at 43oc, with the maximal growth of both .parent and 
mutant being reduced by some 3 to 5°C. These difficulties have forced 
at least a temporary abandonment of the project except for mutagens that 
are permeable to the parent his01 242 bearing derepressed strain. 

Difficulties were also encountered with a second temperature sensitive 
system in which the integration of an episome suppresses the effects of a 
temperature sensiti ve DNA-initiation mutation in E. coZi K-12 permitting 
the mutant to grow at the non-permissive temperature of 43°C. Since the 
Ts mutant received from the Yale E. coZi Stock Center contained many additional 
mutat i ons we att empted co-transduce dna mutation with iZe+ to a relatively 
clean E. coZi iZe deri vative . Failure to obtain any co-transductants (20% 
linkage was expected) and subsequent mapping experi ments indicated that rather 
extensive chromosomal re-arrangements had occur'ed in t he iZe- dna region. 
Consequently, this proj ect, if continued, will Aemploy a Ts F-merogenote. 

The use of the BaciZZus subtiZis transforming system as an in vitro mutagen
esis system was brought to our attention when Dr. I. C. Fel kner spend a year 1 s 
leave of absence in our laboratory. He developed a system in wh ich mutagen 
t reated DNA gave rise to a large f r action of His- mutants in Trp+ transformed 
populations. After Dr. Felkner returned to Texas Tech University, John Heard 
prepared some new DNA in or der to continue the experiments. He found that 
the ability to 11 induce 11 His-. mutants disappeared if the donor strain was re
purified through three successive single colony isolations . Si nce this procedure 
was based conceptually on the earlier study by Freese (1962) we decided to obtain 
the original Trp- mutant recipient ( trp 3), which cannot utilize indole in 
place of tryptophan for growth, and repeat the experiments. The test consisted 
of determining newly induced t r p mutations involving earlier steps in the 
tryptophan biosynthetic pathway by detecting Ind+ transformed clones which 
fluoresced under black light, since earlier intermediates all fluoresced. 
Our data indicate that a large portion of the 11 newly induced 11 Trp- mutants 
were genetically identical to a t rpC2 mutation which had presumably been 
crossed out in the preparation of 168 11 Wild-type 11 with a transformation 
between a prototrophic donor, W23, and strain 168, t rpC2 . l·Je have concluded 
that the 168 11 Wild-type 11 donor is actually diploid for at least a por tion of 
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the trp region. This diploid state is presumably essential to the induction 
of new mutants since a trp+ recombinant obtained in a cross between trpC2 
and trpB3 is not induced to mutate under identical conditions of mutagen 
treatment. Base-pair substitution mutagens, e.g. EMS induced almost equal 
mixtures of new trp mutations and the retrieval of the trpC2 mutation 'from 
diploid DNA while frameshift mutagens induced only changes which resulted 
in the haploidization and exposure of the trpC2 mutation. These results 
are described in the attached manuscript which has been submitted to Mutation 
Research. 

The current E. coZi A-lysogen employed in the induct test derives its 
permeability to polycyclic hydr·ut.:arbons through an envA (envelope) mutation. 
While this strain is exceptionally permeable, it has a tendency to grow into 
long chains of cells and to require streptomycin-killed bacteria in the 
medium to achieve maximal growth. Consequently, with the aid of Devoret's 
Laboratory in France, we have constructed a A-~80 hybrid lysogen of E. coZi 
whi~h derives its permeability from a set of gal-rfa mutations which are 
comarable to those present in the Ames test strains of Salmonella typhimurium. 
Res~lts with this new strain are presented in Tables I through IV, which 
are being prepared for publication. The data in Table I indicate that the 
spot test method may be employed with a wide range of mutagens with and 
without liver microsomal activation. Comparable sensitivities are recorded 
in Table II of the new (gaZ-rfa) and old (env) lysogens to compounds displaying 
a wide range of activities. A comparison of the number of prophage inductions 
with gene mutations produced per ~Mol of mutagen is recorded for several com
pounds in Table III. Finally, a lack of effect of the plasmid, pKMlOl, is. 
demonstrated by the data in Table IV. 

This laboratory entered into a collaborative effort with Dr. Au in Dr. T.C. 
Hsu's laboratory at the M.D. Anderson Hospital in investigating the genetic 
toxicology of gentian violet. This compound had been shown to be a potent 
clastogen, promoting chromatid exchanges in cell cultures. We found that 
while it did not promote gene mutations in the Salmonella test system, it did 
give a positive response in the polA+;A- DNA repair deficiency test and that 
this activity was reduced by incubation with a liver microsomal fraction. 
These in vitro findings were substantiated by in vivo tests performed by 
Dr. Bloom at Cornell University. This study by W:· Au, ~1.A. Butler, S.E. Bloom, 
and T.S. Matney entitled 11 Further Study of the Genetic Toxicity of Gentian · 
Violet .. has been published in Mutation Research, 66 (1979) .103-112 and a 
reprint is attached. Since our laboratory has routinely employed gentian 
violet to detect the enhanced permeability of E. coZi and SaZmoneZZa typhimurium 
mutants to polycyclic hydrocarbons, we became concerned if the polA+;A- test 
really dealt with an isogenic pair of bacteria which differed only in the 
presence or absence of polymerase I; surely a concomitant mutation must have 
occurred which enhanced the polA- strain's permeability to gentian violet. 
We are testing this idea by converting the polA- to polA+ by Pl mediated 
transduction. 
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TABLE I 

RESULTS OF QUALITATIVE SPOT TESTS 

Compound Amount added Prophage 

eer seot induction 

Mitomycin C 5 ,ug .+ 

1-Methyl-3-Nitro-1-Nitrosoguanidine 20 ).Jg +' 

4-Nitro-o-Phenylenediamine 400 )J9 + 

2-Nitrosofluorene 2 ,.ug + 

N-Hydroxy-2-Aminofluorene 2 ,.ug + 
4 

N-Hydroxy-2-Acetyl-Aminofluorene crystals 
with microsomal activation crystals + 

2-Acetylaminofluorene crysta 1 s 
with microsomal activation crystals 
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TABLE II 

COMPARISON OF THE INDUCIBILITY OF THE TWO TESTER LYSOGEN$ BY VARIOUS COMPOUNDS 

Compound 

4-Nitroquinoline-1-oxide 

Mitomycin c 

Benzo(a)Pyrene (+59) 

2-Aminoanthracene (+59) 

Benzo(a)pyrene-4,5-epoxide 

1-Methyl-3-nitro-1-Nitrosoguanidine 

4-Nitro-1-phenylenediamine 

Inductions/nMol 

. ~-rfaa envb 

1529 

115 

13 

7 

5 

0.22 

0.005 

23 

300 

25 

5 

0.27 

0.086 

a Tests performed with stationary phase cultures of UTH8177, employing UTH6340 

as indicator. 

b Tests performed with log phase cultures of GY5027, employing GY4015 as the 

indicator. 
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TABLE II I 

. COMPARISON BETWEEN PROPHAGE INDUCTION AND MUTAGENESIS OF SOME COMPOUNDS 

Compound 

Neocarzinostatin 

Bleomycin 

4-Nitroquinoline-1-oxide 

Mitomycin C 

Benzo(a)pyrene {+S9)f 

2-Aminoanthracene {+59) 
f 

Benzo{a}pyrene-4,5-epoxide 

1-Methyl-3-Nitro-1-Nitrosoguanidine 

4-Nitro-o-phenylenediamine 

Events per nMol 
Prophage inductionsa Gene mutations 

18,500 188b 

3,070 oc 

1,530 2 906d. ' . 

533 33e 

13 2ld 

7 510d 

5 295d 

0.22 1,375d 

0.005 12g 

a Inductions performed with log phase cultures of UTH8177 employing 

b 

c 

d 

UTH6340 as indicator. 

Unpublished data: Salmonella/microsomal mutagenicity test { ); positive 
results with strains TA1535 and TAlOO, negative with strains TA1537, TA 
1538 and TA98; an average of 94 induced mutants were obtained per plate 
containing 5ug neocarzinostatin using TA1535; mutagenesis was not enhan
ced either by microsomal treatment {arochlor induced rat liver) or by us
ing strain TAlOO. 
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TABLE IV 

EFFECT OF THE PLASMID pKMlOl (R+) ON PROPHAGE INDUCTION BY 4-NITROQUINOLINE-
1-0XIDE (4-NQO) AND MITOMYCIN C (MIT-C) 

4-NQO (plaques/plate) Mit-e (plaques/plate) 

ug/plate UTH8177 UTH8372(R+) UTH8177 UTH8372(R+) 

0 17a 9 24 5 

0.1 164 68 450 235 

0.2 648 145 554 133 

0.3 983 227 505 226 

0.4 1385 244 747 360 

0.5 1280 308 . 700 264 

1.0 513 200 630 240 

3.5 50 15 537 255 

a Average number of plaques from two plates. 
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We have introduced the pKM101 plasmid into the Uvr+ permeable (gaZE-rfa) 
test strains of s. typhimurium (TA 1975, TA 1977 and TA 1978) generating 
UTH8414, UTH8412 and UTH8413, respectively, and completing a full test 
set (see Table I in the attached manusc~ipt of the book chapter) which 
will permit one to discern the effects of the presence or absence of 
excision repair and the pltasr.-~id on the reversion of the base-pair substitu
tion r.1utation hisG46 or either frameshift mutation (hisCJ0?6~ a+1, or 
hisD3052~ a-1). Some results obtained with the mutagen, 4-Nitroquinoline-
1-oxide(4NQO), are presented in Table V. Although the Uvr-;Uvr+ pairs are 
not strictly isogenic, it would appear that 50 to 100 times more 4NQO is 
required to effect a mutagenic response in both excision-repair sufficient 
strains than in their excision-repair deficient counterparts. The presence 
of the p~1101 plasmid has little enhancing effect on the reversion of the 
frameshift mutation while it has a dramatic effect on the ability of 4NQO 
to reverse the base-pair mutation hisG46. This is the first of a series 
of compounds to be so tested: 1-Methyl-3-nitr0-l-Nitrosoguanidine, Mitomycin C, 
8-propriolactone, Bleomycine and aflatoxin-B1. These same compounds will be 
used with a set of four strains to determine the minimum number of strains 
to use for inducing foreward mutations to 8-azaguanine resistance. A summer 
student has worked out the details of this liquid test system following the 
protocol published by the MIT group (Spopek et al., 1978). 

I prepared a chapter entitled 11 Mutagenic Assays in Gram Negative Bacteria 
for the Detection of Potential Carcinogensj Activation by Mam~alian Micro
soma·! Fractions 11 to be published by ~1arcel Dekker under the title Microbial 
Testers for Chemical Carcinogens, I.C. Felkner Editor. A copy of this 
manuscript is attached. 
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TABLE V 

EFFECT OF EXCISION REPAIR AND THE pKM101 PLASMID ON t1UTAGENESIS BY 4NQO 

hisD3052 (frameshift) 

Uvr· Uvr+ 

4NQO -pKM101 +pKM101 -pKM101 +pKM101 
~g/plate TA1538 TA98 . TA19Z8 UTH8413 

0 10 8 5 5 
0.05 24 44 9 5 
0.1 46 106 7 6 
0.2 97 196 6 5 
0.5 203 397 7 5 
1.0 146 493 13 6 
5.0 . T* T 24 18 

10.0 45 49 
12.5 61 63 
25.0 84 104 
50.0 T T 

hisG46 (base-pair substitution) 

TA1535 TA100 TA1975 UTH8414 

0 11 101 3 6 
0.05 16 310 ~ 0.5 9 
0.1 23 745 3 5 
0.2 34 608 • .2 12 \ 
0.5 51 1592 0 14 
1.0 36 1442 0.5 25 
5.0 T T 3 221 

10.0 14 405 
12.5 33 344 
25.0 82 718 
50.0 T 1101 
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