15.7.1975

Summary. Suspension cultures of Vicia hajastana and
Haplopappus gracilis were maintained in B5 medium
containing 0.1, 1.0 and 10.0, and 0.1, 0.5, 1.0 and 5.0 pg/ml
2,4-D, respectively. Anaphase analyses showed that the

19 The present study was conducted at Crop Science Department,
University of Saskatchewan, Saskatoon, Canada. I am thankful
to Dr. C. LEumaN, Gatersleben, and Dr. T. ErikssonN, Uppsala,
for the gift of Vicia seeds and Haplopappus cultures, respectively.
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frequency of anomalies, especially bridges, was negatively
associated with the 2,4-D concentration.

B. D. Singu?!? and B. L.. HARVEY

Department of Genetics and Plant Breeding,

Faculty of Agviculture, Banaras Hindu University,
Varanasi 227005 (India), and Cvop Science Depariment,
University of Saskatchewan

Saskatoon (Canada), 17 Febvuary 1975.

Effect of Excision Repair System on Antibacterial and Mutagenic Activity of Daunomycin
and Other Intercalating Agents in Salmonella typhimurium

Anthracycline antibiotics and acridine dyes are known
to interact with DNA as intercalating agents, thereby
displaying antibacterial, antitumor and frameshift mu-
tagenic activity !-3. It has been claimed that these activi-
ties are enhanced if the heterocyclic ring is substituted by
different chemical reactive groups, which allow the forma-
tion of covalent bonds between DNA and the intercalating
polycyclic ring®-%. It has also been supposed that the
excision repair system possesses different capability to
repair DNA molecules damaged by simple or reactive
intercalators?®.

Daunomycin and adriamycin, two anthracycline anti-
biotics, interact with DNA by simple intercalation, but
the aminosugar residues seem to be important for the
stabilization of the complex and for the biological effects
of the substances!-4.

In the present paper we describe the antibacterial and
mutagenic effect of daunomycin, adriamycin, and various
acridine dyes on isogenic strains of Salmonella typhimurium
with a normal or defective excision repair system.

Daunomycin and adriamycin were from Farmitalia,
acridine orange and ethidium bromide from Sigma, and
2,8-diamino-10-methyl-acridine from K & K.
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Antibacterial activity of various intercalating agents on Salmonella
typhimurium strain TA1978 uvr+ (@) and strain TA1538 uurB (o).
Diameters of zone of inhibition were measured as described in the
text. A) daunomycin; B} adriamycin; C) acridine orange; D) 2,8-
diamino-10-methyl-acridine; E) ethidium bromide.

Salmonella typhimurium strain TA1538 and TA1978
received from B.N. Ames were used. Both strains have
the his D 3052 frameshift mutation?, and a mutation
conferring the deep rough character, which makes the
bacteria much more permeable, and hence sensitive to
mutagens®. The two strains differ in their ability to repair
damaged DNA, as TA1538 has a deletion through the
uvrB gene, while TA1978 has a normal excision repair
system$.

For the antibacterial test, 50 pl of appropriate dilutions
of substances were pipetted in 6 mm holes cut into pour
plates with a lawn of bacteria. Minimal agar with addition
of histidine 1 mAf and biotine 5 wM was used. The plates
were then placed in a 37°C incubator for 24 h and the
zone of killing measured.

For testing of mutagens, the method described by
AMESs et al.® was followed. Briefly, 2 ml of molten soft
agar, containing 0.05 mM histidine and 0.05 mM biotine,
were mixed with appropriate amounts of chemicals and
with 0.1 ml of an overnight culture of the tester bacteria,
and poured onto the surface of a minimal agar plate with
Vogel-Bonner E medium. Plates were incubated at 37°C
for 2 days, after which the number of revertant colonies
was counted.

The TFigure shows the antibacterial effect of dauno-
mycin, adriamycin, acridine orange, ethidium bromide
and 2, 8-diamino-10-methyl-acridine oni Salmonella typhi-
muvium with and without excision repair system. It is
evident that strain TA 1538, which lacks the product of
uvyB gene, is much more sensitive to daunomycin and
adriamycin that strain TA 1978, which has a normal repair
system. In contrast, the 3 acridine dyes do not show any
differential effect on the 2 strains.

When tested for mutagenic activity in amounts ranging
from 1 to 1000 ug acridine orange, 2, 8-diamino-10-methyl-

1 E. CaLExDI, A. DI MArco, R. REcGiani, B. ScarrinaTO and
L. VaLexnTINg, Biochim. biophys. Acta 703, 25 (1965).

2 1. H. GoLpBERG and P. A. FRIEDMAN, A. Rev. Biochem. 40, 775
(1971).

3 F. QuaprirocLio and V. CREsCENzI, Biophys. Chem. 2, 64 (1974).

1 E. F. Garg, E. CunpLirre, P. E. REvyNoLps, M. H. RicamoND
and M. J. WaRING, The Molecular Basis of Antibiotic Action
(Wiley & Sons, London 1972), p. 187.

5 F. QuapriroGLlo, V., CrREscENzI and V. GIanNcotTTI, Biophys.
Chem. 7, 319 (1974).

8 H. J. CreEcH, R. K. PreEsTON, R. M. PECK, A. P. O’CoNNELL and
B. N. AmEs, J. med. Chem. 75, 739 (1972).

7 B. N. Amks, E. G. GUrRNEY, J. A. MiLLER and H. BartscH, Proc.
natn. Acad. Sci., USA 69, 3128 (1972).

8 B. N. AmEes, F. D. Lee and W. E. Dursrton, Proc. natn. Acad.
Sci., USA 70, 782 (1973).

9 P. E. HartMaN, K. LeviNg, Z. Hartman and H. BERGER,
Science 772, 1058 (1971).
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acridine, and ethidium bromide showed little, if any,
effect in the test system used. This is in accordance to
previous reports®-#, that acridines without an alkylating
side chain are poor mutagens. Daunomycin and adria-
mycin, on the contrary, showed definite mutagenic acti-
vity which is more pronounced on strain TA 1538 lacking
the excision repair function (Table).

The above results clearly show that, for the antibacterial
and mutagenic activity of anthracycline antibiotics
daunomycin and adriamycin, it is important whether the
tester bacterial strain has a normal or a defective excision
repair system. In contrast, the acridine dyes do not show
any differential effect on uvyB and uvrt strains.

Mutagenic activity of anthracycline antibiotics

Revertant colonies from
tester strain

Compound added -Amount (ug)

TA1978 (wor¥) TA1538 (uorB)

None (control) 2 3
Daunomycin 1 2 20
3 5 46

10 10 65

30 11 400

Adriamycin 1 12 4
3 10 10

10 4 70

30 7 33

Figures show the number of revertant colonies (histidine non-
requiring) per petri plate and are the mean of 2 separate experiments.

Tsetse Fly Glossina morsitans morsitans Produces

Several aspects of the behavior of the tsetse fly are
unexplained. It is unknown how tsetse flies can survive
low host densities and how, from an almost evenly and
widely dispersed population in the bush?! they can find
each other for mating and formation of the wellknown
‘following swarm of Swynnerton’. This behavior would
suggest the existence of some form of communication
among tsetse flies. So far as is known, tsetse flies do not
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Both groups substances are known to interact with
DNA by simple intercalation without covalent bonds!-3.
It has been claimed that DNA damaged by certain acri-
dines with alkylating side chains is subject to repair by
the bacterial excision repair system, while damage caused
by simple intercalators is not%$.

The present results show that even some noncovalent
intercalators, such as anthracycline antibiotics, may
interact with DNA in a way which is relevant for the
excision repair system. This fact may be related to the
aminosugar residue of the two antibiotics, since anti-
bacterial and mutagenic activity of simple acridine dyes is
equally pronounced on bacteria with and without the
excision repair system.

Studies are in progress for determining which kind of
side chain, apart from the cases already known®-% and
this report) confers to an intercalating agent a reactivity
with DNA which is significant for the excision repair
system of bacteria.

Summary. Daunomycin and adriamycin, are more
mutagenic and antibacterial for a strain of Salmonelia
typhimurium defective for the uvyB gene than for its
uyrt counterpart. Other intercalating agents, as some
acridine dyes, affect equally the two bacterial strains.

B. Pani, C. MoNTI-BrRAGADIN and L. SAMER??

Istituto di Microbiologia dell’ Universitd, Via Valerio 34,
I-34127 Tvieste (Italy), 18 February 1975.

10 The authors thank Prof. B. N. AMEs for supplying the strains of
Salmonella typhimurium and Dr. F. QuabprirocLio for many
helpful discussions. This investigation was supported by fellow-
ships given to two of us (B.P. and L.S.) by Fondazione C. & D.
Callerio. The skilful technical assistance of Mrs. S. SAINCICH is
also acknowledged.

Ultrasound Related to Behavior*

possess sex pheromones? 3. Evidence of the emission of
sound by tsetse flies was gleaned long ago and con-

* ICIPE publication No. 24.
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Fig. 1. Typical mating sounds. The amplification on the 47-82 kHz channel was twice that on the channel showing the full frequency range.



