
I N D U C T I O N  O F  C O L I C I N  S Y N T H E S I S  

BY M I L L I M E T E R  R A D I A T I O N  

R .  L .  V i l e n s k a y a ,  A .  Z .  S m o l y a n s k a y a ,  
V~ G. A d a m e n k o ,  Z .  P .  B u l d a s h e v a ,  
E .  A .  G e l ' v i c h ,  M.  B .  G o l a n t ,  
a n d  D.  Y a .  G o l ' d g a b e r  

UDC 576 .851 .48 .097 .29 .  095.14 

I r r ad i a t i on  of a col ic inogenic  s t r a i n  of E s c h e r i c h i a  col i  C600 (E 1) by e l ec t romagne t i c  
waves in the m i l l i m e t e r  waveband and of in tens i ty  too low to produce heat  can induce 
col ic in  syn thes i s .  The induction effect  is  dependent  on the wavelength and durat ion of 
i r r a d i a t i o n  and the t e m p e r a t u r e  of the t es t  object .  

It has been shown [1, 3, 5] that i r r a d i a t i o n  by m i l l i m e t e r  waves of in tensi ty  insuff ic ient  to produce 
heat  can cause  death of b a c t e r i a l  ce l l s .  

In the inves t iga t ion  d e s c r i b e d  below the ac t ion of r ad ia t ion  in the m i l l i m e t e r  waveband on the pheno-  
typic e x p r e s s i o n  of b a c t e r i a l  genes r e spons ib l e  for  le thal  synthes i s  was s tudied.  

E X P E B I M E N T A L  M E T H O D  

The col ic inogenic  fac tor ,  an e x t r a c h r o m o s o m a l  genetic e l emen t  of b a c t e r i a  con t ro l l ing  the lethal  
syn thes i s  of the pro te in  subs t r a t e  eol ic in,  which has a n t i ba c t e r i a l  act ion agains t  b a c t e r i a  of the same or  
r e l a t ed  spec ies ,  was chosen as  the tes t  object .  Expe r imen t s  were  c a r r i e d  out with col ie inogenic  s t r a in  
Esche r i ch i a  coli  C600 (E l) and s t r a i n E ,  coli  K12S, obtained f rom the L a b o r a t o r y  of Genetics and Selection 
of the I. I. Mechnikov Inst i tute,  and sens i t ive  to the col ic in  produced by it .  

t h e  ac t iv i ty  of col ie in  synthes i s  was de t e r m i ne d  by the gap method [15], in which individual b a c t e r i a  
synthezing col ie in  a r e  counted. A 2-h cul ture  of b a c t e r i a  grown in Mar t i n ' s  broth,  in a Teflon cel l  ( t r ans -  
parent)  for  m i l l i m e t e r  r ad ia t ion ,was  i r r a d i a t e d .  

A type OV-612 backward-wave  tube with e l ec t ron i c  tuning within the range f rom 5.7 to 8 mm and 
with a maximum power for  continuous opera t ion  of about 1 000 roW, was used as the gene ra to r  of e l e c t r o -  
magne t ic  waves [4]. I r r ad i a t i on  was given f r o m  a horn- type  antenna at wavelength of 5.8,  6.15, 6.5,  6.57, 
and 7.1 mm.  The power flux dens i ty  was 1 m W / c m  2. 

Optimal  doses  of cul ture  and nut r ien t  medium to allow r e l i a b l e  m e a s u r e m e n t s  of the t r a n s m i t t e d  
power when the cul ture  p r e s e r v e d  i ts  b io logica l  ac t iv i ty  were  chosen.  The th ickness  of the l aye r  of b a c -  
t e r i a l  suspension in the Teflon cel l  was 0~ 6 mm.  
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The effect was e s t i m a t e d  by the values  of the induction 
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where  Ngi is  the mean number  of gaps in the i r r a d i a t e d  cu l tu re ;  Ng u the mean number  of gaps in the con-  
t ro l  cul ture  in the same di lut ion;  nci the mean number  of i r r a d i a t e d  ce l l s  ; ncu the mean number  of ce i l s  in 
the control  cul ture  in the same di lu t ions .  
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TABLE 1. Induction Coefficient  of Colicin 9ynthesis  During 
I r r ad i a t i on  with Mi l l ime te r  Waves 

Index 

Number of experiments 
K i ('M $ m) 
Index of statistical sig- 

nificance 
Probability of error (in 

percent) 

5~8 

18 
3.05_+0.25 

6.8 

0.I 

6.15 

24 
1.06_+0. I3 

Wavelength (in ram) 
6.5 6.57 

29 18 
3.54_+0.39 1.08_+0,22 

6.0 

0,1 

7,1 

23 
2.3_+0.34 

3.74 

0.15 

/ 
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Fig .  1. Induction coeff ic ient  
of col ic in  synthes i s  as  a func-  
tion of dura t ion  of i r rad ia t ion~  
Absc i s sa ,  durat ion of i r r a d i a -  
tion (in h); ord ina te ,  induc-  
tion coeff ic ient .  1) X =6.5 mm ; 
2) X=5.8 ram;  3) X=7.1 mmo 

E X P E R I M E N T A L  R E S U L T S  

Induction of gap format ion  by m i l l i m e t e r  r ad ia t ion  was found 
to depend on the durat ion of the i r r a d i a t i o n  (Fig~ 1). I r r ad ia t ion  
dur ing  the f i r s t  30 min did not affect  col ic in  synthesis~ I r r ad i a t i on  
for  1 h led to a sharp  i n c r e a s e  in the number  of co l i e in - syn thes i z ing  
ce l l s  at  the co r r e spond ing  wavelength~ An inc rea se  in the durat ion 
of i r r a d i a t i o n  to 2 h led to a fu r the r  i n c r e a s e  in the induction co-  
eff ic ient .  However,  an i n c r e a s e  in the dura t ion  of i r r a d i a t i o n  beyond 
this  point did not y ie ld  definite r e s u l t s .  

The induction ac t iv i ty  of the m i l l i m e t e r  r ad ia t ion  depended 
chiefly on the wavelength (Table 1). Waves of length 5~ 6.5,  and 
7o 1 mm induced col icin syn thes i s ;  at  wavelengths  of 6o 15 and 6.57 
ram no s ignif icant  effect  was obse rved .  S ta t i s t ica l  ana lys i s  of the 
r e s u l t s  demons t r a t ed  the i r  s ignif icance ,  which was a l so  ve r i f i ed  by 
control  expe r imen t s  without i r r a d i a t i on .  In this case  the values  of 
the induction coeff icient  were  constant  and were  c lose  to one. 

M i l l i m e t e r  rad ia t ion  is known to r a i s e  the t e m p e r a t u r e  in the 
i r r a d i a t e d  object~ Kohi jama and Nomura [13] showed that col ic in  
syn thes i s  can be induced by a r i s e  of t e m p e r a t u r e  in a t h e r m o s e n s i -  
rive mutant of the col ic inogenic  s t r a in  containing coliein E2o Although 
the in tens i t ies  of i r r ad i a t i on  used in the p r e s e n t  expe r imen t s  were  

d e l i b e r a t e l y  chosen to be smal l ,  not exceeding  i m W / c m  2, so that  e levat ion  of the t e m p e r a t u r e  was unlikely,  
and although s t ra in  E. coli  C600 (E 1) is not t he rmosens i t ive ,  because  of these facts  it was decided to moni -  
tor  the t e m p e r a t u r e  in i r r a d i a t e d  and un i r r ad i a t ed  s y s t e m s .  The t e m p e r a t u r e  of the inves t iga ted  sy s t em 
(the m e d i u ~  containing the suspens ion  of bac te r i a )  was m e a s u r e d  by means  of a the rmocouple .  No d i f -  
f e rence  of t e m p e r a t u r e  could be detected with an a c c u r a c y  of r ead ing  of 0o 1-0.2~ It was accord ing ly  
concluded that the effect  was nonthermal  in c h a r a c t e r .  

In o r d e r  to s t rengthen  the obtained effect,  i r r a d i a t i o n  was c a r r i e d  out in an incubator  at  37~ In 
this  case  induction was obse rved  a f t e r  i r r a d i a t i o n  for  30 rain a lso .  However,  the effect  could not be sub-  
s tan t ia l ly  i nc r ea sed .  

The expe r imen t s  thus showed that i r r a d i a t i o n  by e l ec t romagne t i c  waves in the m i l l i m e t e r  waveband 
can induce eol ic in  synthes i s  in col ic inogenic  b a c t e r i a  at ce r t a in  wavelengths .  

Hi ther to  the ab i l i ty  of subs tances  to induce col iein synthes i s ,  le thal  to the col ic inogenie  cel l ,  has been 
a t t r ibu ted  main ly  to the i r  DNA-d i s in teg ra t ing  p r o p e r t i e s  or  to the i r  ab i l i ty  to block the i r  DNA synthes i s .  
These p r o p e r t i e s  a r e  p o s s e s s e d  by UV rad ia t ion  [17, 10, 12] and by ce r t a in  chemica l s  which d i s turb  DNA 
synth~,sis in the cell  and damage the DNA molecule  [2, 6, 8, 9, 11, 14]. The mechan i sm of induction by 
m i l l i m e t e r  waves must  d i f fer  qual i ta t ive ly  f rom that of induction induced by these agents  ac t ing  on r)NA, 
for  the quantum ene rgy  of m i l l i m e t e r  waves is  e x t r e m e l y  smal l  (104 t imes  s m a l l e r  than the quantum energy  
of UV i r rad ia t ion) ,  and too smal l  to rup ture  any chemica l  bonds or  to damage the DNA molecule .  F r o m  
this  point of view m i l l i m e t e r  rad ia t ion  can be r e g a r d e d  as ,  in p r inc ip le ,  a new agent which, without d i r e c t l y  
damaging  the DNA in the molecule ,  leads  to a d i s tu rbance  of the mechan i sm regu la t ing  the function of 
ep i somal  genes in the cel l .  
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