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Summary. Suspension cul tures  of Vicia ha~astana and  
Haplopappus gracilis were ma in t a ined  in 135 m e d i u m  
conta in ing  0.1, 1.0 and  10.0, and 0.1, 0.5, 1.0 and  5.0 [zg/ml 
2 ,4-D,  respect ive ly .  Anaphase  analyses  showed t h a t  t he  

f requency  of anomalies,  especial ly bridges,  was nega t ive ly  
associated wi th  t he  2, 4 -D  concent ra t ion .  
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Effect of Excision Repair System on Antibacterial and Mutagenic Activity of Daunomycin  
and Other Intercalating Agents in Salmonella typhimurium 

Anthracyc l ine  ant ib iot ics  and  acridine dyes  are known  
to in te rac t  w i th  D N A  as in terca la t ing  agents ,  t h e r e b y  
d isp laying ant ibacter ia l ,  a n t i t u m o r  and f ramesh i f t  mu-  
tagenic  ac t iv i ty  t-5. I t  has  been claimed t h a t  these  act ivi-  
t ies are enhanced  if the  heterocycl ic  r ing is subs t i t u t ed  by  
di f ferent  chemical  react ive  groups, which allow the  forma-  
t ion of cova len t  bonds  be tween  D N A  and the  in te rca la t ing  
polycyclic r ing 6-8. I t  has  also been supposed  t h a t  t he  
excision repair  sys t em possesses di f ferent  capabi l i ty  to  
repair  D N A  molecules damaged  by  simple or reac t ive  
in terca la tors  8. 

D a u n o m y c i n  and  adr iamycin ,  two an thracyc l ine  ant i -  
biotics,  in te rac t  w i th  DNA by  simple in tercala t ion,  bu t  
the  aminosugar  residues seem to be i m p o r t a n t  for the  
s tabi l iza t ion  of the  complex  and for the  biological effects 
of the  subs tances  ~ 4 

In  the  p resen t  pape r  we describe the  an t ibac te r ia l  and  
mutagenic  effect  of daunomycin ,  adr iamycin ,  and  var ious  
acridine dyes  on isogenic s t ra ins  of Salmonella typhimurium 
with  a normal  or defect ive excision repair  sys tem.  

Daunomyc in  and adr iamyc in  were f rom Farmi ta l i a ,  
acr idine orange and e th id ium bromide  f rom Sigma, and  
2, 8-diamino-10-Inethyl-acr idine f rom K & K. 
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Antibacterial activity of various intercalating agents on Salmonella 
typhimurium strain TA1978 uvr + (0) and strain TA1538 uvrB (o). 
Diameters of zone of inhibition were measured as described in the 
text. A) dauimmycin; B) adriamycin; C) acridine orange; D) 2,8- 
diamino-10-methyl-acridine; E) ethidium bromide. 

Salmonella typhimurium s t ra in  TA1538 and  TA1978 
received f rom B.N.  Ames  were used. B o t h  s t ra ins  have  
the  his D3052 f ramesh i f t  muta t ion% and a m u t a t i o n  
conferr ing the  deep rough  character ,  which  makes  the  
bacter ia  much  more  permeable ,  and  hence  sensi t ive to  
mutagens  8. The two s t ra ins  differ in the i r  abi l i ty  to repa i r  
damaged  DNA, as TA1538 has a delet ion t h ro u g h  the  
uvrB gene, while TA1978 has a normal  excision repa i r  
sys tem s 

For  the  an t ibac te r ia l  test ,  50 ~xl of appropr i a t e  di lut ions 
of subs tances  were p i p e t t e d  in 6 m m  holes cut  into pour  
pla tes  wi th  a lawn of bacter ia .  Minimal  agar  w i th  addi t ion  
of h is t id ine  1 m M  and  biot ine  5 ~xM was used. The pla tes  
were t h e n  placed in a 37~ incuba tor  for 24 h and  the  
zone of killing measured .  

For  tes t ing  of mutagens ,  the  m e t h o d  descr ibed by  
AMES et al.8 was followed. Briefly, 2 ml of mol ten  soft  
agar, conta in ing  0.05 m M  his t id ine  and 0.05 m M  biotine,  
were mixed  wi th  appropr i a t e  amo u n t s  of chemicals  and  
wi th  0.1 ml of an ove rn igh t  cul ture  of the  tes te r  bacter ia ,  
and poured  onto the  surface of a min imal  agar  p la te  wi th  
Vogel -Bonner  E medium.  P la tes  were incuba ted  at  37~ 
for 2 days,  af ter  which  the  n u m b e r  of r e v e r t a n t  colonies 
was counted.  

The Figure shows the  an t ibac te r ia l  effect  of dauno-  
mycin,  adr iamycin ,  acridine orange,  e th id ium bromide  
and 2, 8-d iamino-10-methyl -acr id ine  or[ Salmonella typhi- 
murium with  and  w i t h o u t  excision repair  system.  I t  is 
ev ident  t h a t  s t ra in  TA1538, which  lacks the  p roduc t  of 
uvrB gene, is m u c h  more  sensi t ive to daunomyc in  and  
adr iamyc in  t h a t  s t ra in  TA 1978, which has  a normal  repa i r  
system.  In  cont ras t ,  the  3 acridine dyes  do not  show any  
different ia l  effect  on the  2 strains.  

W h e n  t e s t ed  for inutagenic  ac t iv i ty  in amo u n t s  ranging  
f rom 1 to  1000 ~tg acr idine orange,  2, 8-diamino-10-methyl-  
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acridine,  and  e th id ium bromide  showed little, if any, 
effect  in t he  t e s t  sys t em used. This is in accordance to 
previous  repor t s  6-s, t h a t  acridines wi thou t  an a lkyla t ing 
side chain  are poor  mutagens .  Daunomyc in  and  adria-  
mycin ,  on the  cont rary ,  showed defini te  mutagen ic  acti-  
v i t y  which is more  p ronounced  on s t ra in  TA 1538 lacking 
the  excision repair  func t ion  (Table). 

The above resul ts  clearly show tha t ,  for the  an t ibac ter ia l  
and  mutagen ic  ac t iv i ty  of an thracyc l ine  ant ib io t ics  
d a u n o m y c i n  and  adr iamycin ,  it  is i m p o r t a n t  whe the r  the  
t e s t e r  bacter ia l  s t ra in  has  a normal  or a defect ive  excision 
repair  sys tem.  In  cont ras t ,  the  acridine dyes  do no t  show 
any  different ia l  effect  on u v r B  and uvr+ strains.  

Mutagenic activity of anthracycline antibiotics 

Compound added Amount(lzg) Revertant colonies from 
tester strain 

TA1978 (uvr +) TA1538 (uvrB) 

None (control) 

Daunomycin 

Adriamycin 

2 3 

1 2 20 
3 5 46 

10 10 65 
30 11 400 

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. 

B o t h  groups  subs tances  are known  to  in te rac t  w i th  
D N A  by  s imple  in te rca la t ion  w i t h o u t  cova len t  bonds  1-5. 
I t  has  been  c la imed t h a t  D N A  d a m a g e d  by  cer ta in  acri- 
d ines  w i th  a lkyla t ing  side chains  is subjec t  to  repair  by  
the  bacter ia l  excision repair  sys tem,  while damage  caused 
by  s imple in te rca la tors  is no t  7, s. 

The p resen t  resul ts  show t h a t  even  some noncova len t  
in tercala tors ,  such as an th racyc l ine  ant ibiot ics ,  m a y  
in te rac t  w i t h  D N A  in a way  which  is r e levan t  for t he  
excision repa i r  sys tem.  This  fact  m a y  be re la ted  to  the  
aminosugar  residue of the  two ant ibiot ics ,  since anti-  
bacter ia l  and  mutagen ic  ac t iv i ty  of s imple acr idine dyes is 
equal ly p ronounced  on bac te r ia  w i th  and w i t h o u t  the  
excision repa i r  sys tem.  

Studies  are in progress  for de te rmin ing  which  kind of 
side chain,  a p a r t  f rom the  cases a l ready  k n o w n  6-s and  
th is  report)  confers to  an in te rca la t ing  agent  a reac t iv i ty  
wi th  D N A  which is s ignif icant  for the  excision repair  
sys tem of bacter ia .  

Summary .  D a u n o m y c i n  and  adr iamycin ,  are more  
mutagen ic  and  an t ibac ter ia l  for a s t ra in  of Salmonella 
t y p h i m u r i u m  defect ive  for the  u v r B  gene t h a n  for i ts  
uvr  + coun te rpa r t .  Other  in te rca la t ing  agents ,  as some 
acridine dyes,  affect  equal ly the  two  bacter ia l  strains.  
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Tse t se  Fly Glossina mors i tans  mors i tans  Produces  Ul trasound  Related to Behav ior*  

Several  aspec ts  of t h e  behavior  of the  tse tse  fly are 
unexpla ined.  I t  is u n k n o w n  how tse tse  flies can survive 
low hos t  densi t ies  and  how, f rom an a lmos t  evenly  and 
widely  d ispersed  popu la t ion  in the  bush  1 t h e y  can f ind 
each o ther  for m a t i ng  and  fo rmat ion  of the  wel lknown 
'fol lowing swarm of Swynner ton ' .  This  behav ior  would 
suggest  the  exis tence of some form of communica t i on  
among  t se tse  flies. So far as is known,  tse tse  flies do no t  

possess sex phe romones  ~,3. Ev idence  of t he  emission of 
sound by  t se tse  flies was gleaned long ago and con- 

* ICIPE publication No. 24. 
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355 (1969). 
3 D. A. TURNER, Bull. ent. Res. 67, 75 (1971). 

Fig. 1. Typical mating sounds. The amplification on the 47-82 kHz channel was twice that on the channel showing the full frequency range. 


