
THE E F F E C T  OF C Y S T A M I N E  ON I N D U C E D  P H A G E  P R O D U C T I O N  

IN R E L A T I O N  TO C U L T U R E  C O N D I T I O N S  OF L Y S O G E N I C  B A C T E R I A  

(UDC 576.851.49.097.35.093.1) 

B. A .  M i s h c h e n k o  

Laboratory of Microbial  Genetics,  Institute of Experimental  Biology, AMN SSSR 
(Presented by Act ive  Member AMN SSSR N. N. Zhukov-Verezhnikov) 
Translated from Byulleten'  ~ksper imenta l 'noi  Biologii i Meditsiny, Vol. 59, No. 2, 
pp. 82-86, February, 1965 
Original a r t i c le  submitted May 17, 1963 

In connection with the search for models for the study of radiat ion shielding properties of various chemica l  
compounds the use of lysogenic bacter ia  is of great interest .  

The purpose of the present work was the study of the effect of cystamine (disul f idemercamine)  on induced 
phage production by a lysogenic strain of E. coli  K-12 (?,) and to determine the re la t ion of its leve l  to the t ime  the 
bacter ia  are kept in the medium with the preparat ion,  to the concentrat ion of the preparat ion,  temperature  and pH 

of the medium.  

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

Samples of  four hours broth cultures of E. coli  K-12 (7/) which were mixed in equal volumes with mea t -pep tone  
broth (MPB) containing cystamine were used in the invest igat ion.  The final concentrat ion of the preparat ion was 
0.01, 0.025, 0.05 and 0.1%. The test tubes with the bacteria and cystamine were p laced  in a water bath at 37 ~ or 

on ice at 0 ~ 

After various periods at  these temperatures  (5, 30, 60,120 and 240 rain) 0.5 ml of the culture fluid was removed 
from the test tubes for analysis and an equal  volume of physiological  solution cooled to 0 ~ and containing eys tamine  
in the same concentrat ion as in the MPB added to it,  The pH of the medium was determined before irradiat ion (5.1, 
6.2, 7.2, 8.0 and 9.0). The samples were exposed to x -rays, using the RUM-7 x- ray  apparatus with a dose rate of 

4050R/rnin, vol tage 50 kV current strength 155 mA and distance from the source 8 cm (0.1 mm thick a luminum 
filter).  Analogous sample,  but without cys tamine ,  were used as controls. After i r radiat ion the number of induced 
bacter ia ,  both in the exper imenta l  and in the control samples was determined by the straight l ine method (2). A 
strain of E. coli  C-85 was used as the test organism. Parallel  inoculations were carried out to determine the number 

of v iable  cells  in the i r radiated samples. 

In addit ion,  a series of experiments  were carried out to determine the effect  of cystamine on the lysogenic 
s tabi l i ty  of E. coli  K-12 ()/). The preparat ion was added to bac ter ia l  suspensions at  0 ~ in concentrat ions of 0.05, 1% 
(mortal i ty rate ,  48% of the cells) ,  2% (mortal i ty  rate ,  90.5%) and 3% (morta l i ty  rate,  96.7%) and,after  120 min,  
inoculations of the samples were made on MPA with subsequent examinat ion of the colonies for lysogenici ty  (repl ica 
me thod) .  Colonies, about which there was doubt as to whether they came from cells which lost lysogenci ty ,  were 
removed,  inocula ted into MPB and the culture then studied for spontaneous and induced phage production. In spite 

of the extent  of the investigations,  we did not succeed in observing colonies devoid of lysogenici ty .  

We also studied the effect  of cystamine on the length of the la tent  period and the yie ld  of phage par t ic les  
(~) from one infected cel l  of the E. coli  C-85 indicator strain (Adams method,  3) and one induced lysogenic ce l l  

of E. coli  K-12 (~) strain. In the first case the preparation was added only to the first and second growth tubes. In 
the second case E. col i  K-12 (),) cells  induced with a 15,000R dose of X-rays and diluted to a f ixed concentrat ion 
were p laced  in a 37 ~ water bath in test tubes with cystamine added.  The final concentrat ion of the preparat ion was 

0.01, 0.025, 0.05 and 0.1%. 
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TABLE 1. Reduction of the Number of Induced Bacteria from the Effect of Cystamine 
in Relation to the Culture 

Incubatio@ . 
time | 
(in min.) II~'1 

Conditions of E. coli K-12 (7) (37~ 

Cystaminc concentration (in %) 
o.o~.s t o,os ] o,, 

5 I2,0 
3O 2,3 
6O 2,8 

120 3 5 
240 I:21] 

6,2 

1,6 
2,2 
2,6 
3,3 
I, 9 

7,2 

2,2 
3, 1 
3,7 
2,0 

8,0 

1,3 
2,2 
2,6 
3,0 
1.7 

pit 

I1 9,0 5.1 6,2 7,2 

2,0 4,0 5,2 3,4 
2,3 5,4 6.1 5,4 
2,6 7 4 7"5 
1,4 318 

8,0 9,0 

2,3 t ,8 
3,5 2,1 
4,9 3,2 
6,5 5,0 
2,8 1,9 

5,1 

3,0 
4, l 
5,3 
7,4 
3,4 

,2 7,2 

2,8 3,2 
3,9 4,8 
6,3 5,0 
7,2 7,6 
3,6 3,5 

8,0 

2,6 
3,8 
4,5 
7,0 
2,7 

Note. Decrease in the number of induced bacteria with respect to the control is 
given in average arithmetical values. 

9,0 

1,7 
2,0 
3,4 
5,2 
2,1 

TABLE 2. 
Conditions (37 ~ ) 

Incubat ion 
time I 

(illmiu.) I ~ 

Dose Reduction Factors (FPD) with Respect to E. coli K-12 (?,) Culture 

Cystamine concentration (in %) 
o.o~_~ I o,o,~ 1 o,1 

pit 

8,0 9,0 5, 1 6,2 6,2 7,2 

1,6 1,2 
1,9 1,9 
3,0 2,5 
3,6 3,0 
1,7 1,6 

1,7 1,5 t ,o  3 0  3,o 
1,9 41o 7,5 

60 I ! ' !  2.5 2,0 7,5 8,0 
i2(1 : :'.'2 2.5 10,0 10,5 

Note. FPD values expressed in average arithmetical terms. 

7,2 8,0 

2,6 2,0 
3.3 3,4 
715 7,0 
9.5 8,5 
3,0 2,7 

9,0 

1,6 
1,8 
3,0 
7,0 
1,7 

5,1 t6 ,2  

3,0 t 2.7 
4 ,01<8 
7,5~ 8,0 

1o.019,5 
3;3!3,5 

7,2 

3,0 
6,0 
7,0 

10,5 
3,4 

8,0 9,0 

2,5 1,6 
3;6 1,7 
7,0 ;3,3 
9,0 7,5. 
2,6 1,8 

EXPERIMENTAL RESULTS 

In Table 1 data is presented on the effect of time of contact of the bacteria with cystamine before irradiation, 
of the concentration of the preparation and of different pH values at 37* on induced phage production by E. coli K-12 

(y). As seen from Table i, induced phage production depends to a large degree on the time of incubation of the 

lysogenic bacteria in medium With the preparation before irradiation. A maximal decrease in the number of lyso- 

genie bacteria, induced by a 15.000R x-ray dose, is observed afte[ 120 rain in the presence of cystamine. 

The effectiveness of the activity of the preparation depends on the pH of the medium, since a change in hy- 

drogen ion concentration on either side gives different results. Thus, with a shift of pH to the acid side the effec- 

tivenes of cystamine on induced phage production does not change, but with the medium on the alkaline side the 

effect of the preparation is reduced. However, 240 rain from the start of incubation the number of induced bacteria 
increases, which indicates a decrease in the anti-radiation effect of cystamine. 

The induced phage production of lysogenic bacteria also depends on the cystamine concentration used. As 

seen from Tables 1 and 2 the largest decrease in the number of induced bacteria and the maximum dose reduction 

factor (FPD) is noted with the addition of 0.05% and 0.1% cystamine to lysogenic bacteria before irradiation. These 

concentrations do not cause a decrease in the number of viable bacteria, and the FPD vahe at these concentrations, 

calculated from the number of induced bacteria, is approximately the same. The preparation at a concentration of 
0.01% does not show a noticeable effect on induced phage production in E. eoli K-12 (y). 

Similar results were obtained in experiments in which the lysogenic bacteria were in contact with cystamine 

before irradiation at 0 ~ (Tables 3 and 4), In this case the maximal decrease in the number of induced bacteria 

E. coli K- t2  (7) also occurs 120 min. From the moment the preparation is added, however this decrease was 2-3 
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TABLE 3. Decrease in the Number of Induced Bacteria Due to the Effect of Cystamine 
in Relation to Culture Conditions of E. coli K- t2  (7) (0~ 

Incuba- 

tion time 
(in rain.) ............... 

i 6.2 7.2 

Cystamine cQncentration (in %) 
0,025 i o,o~ I o,I 

pit 

5,1 6.2 7,2 

1,9 1,9 1,9 
2,4 2,5 2,7 
2,8 2,9 3,0 
;~,9 b,5 3,5 
2,1. 2,2 2,0 

i 5+I 

5 1.3 1,3 
a) 119 1, s 
60 2,3 2,0 

120 2 8 2,4 
240 116 1,5 

8,0 9,0 

,,4 i o  I,o 

2,1 ',i 
2,5 
1,5 1,_ 

8,0 9,0 

1,7 1,4 
'~ 9 1,6 

18 
3,1 2,8 
1,7 1,4 

I 

2,0 
2,4 
2,7 
4,1 
2,3 

6.2 7.2 

1,8 1,8 
2 2  2,2 
7:G e r 
5,4 3,6 
1,9 2,1 

8,0 9.0 

1,6 1,3 
2,0 1,6 
2,5 1,8 
3,2 2,6 
1,8 1,5 

TABLE 4. Dose Reduction Factor in Relation to Culture Conditions of E. coli K-12 

(7)  (~176 

Incubatio t -  

time [ 
(in min.) ~ 

Cystamine concentration (in 07 0 
0,025 [ 0,05 ] o,I 

I 7.2 [ 8.0 9.9 6,9 

I 
5,1 

5 1,2 
30 I, 7 
60 2,0 

120 2,7 
240 1,5 

6,2 

I ,1 1,2 1,2 I 
1,6 1,6 1 ~ 3 

t,7 1,8 1,6 
2,2 2,4 1,9 
1,3 1,3 1,2 

1,0 
1,1 
1,2 
1,6 
1,1 

pH 

7,2 

1,7 t ,7  1,7 
2,2 2,4 2,6 
2,7 2,8 3,0 
3,8 3,4 3,4 
1,8 1,9 1,7 

8,0 

1,6 
1,9 
2,5 
3,0 
1,6 

9,0 

1,2 
1,5 
1,6 
2,7 
1,2 

5,1 

1,7 
2,2 
2,6 
4,0 
2,0 

6,2 7,2 8,0 9,0 

1,6 1,6 1,5 1,2 
1,9 1,9 1,7 1,5 
2,5 2,6 2,4 1,6 
3,3 3,5 3,0 '2,5 
1,7 1,8 1,6 1,3 

times tess than at 37 ~ The time of maximal  decrease of phage production, as at 37 ~ remained constant. Inexact ly  
the same manner, when the pH was on the alkaline side, a decrease in the effect of the preparation on induced phage 
production was marked. The effectiveness of cystamine was clearest when the preparation was added to the bacteria1 
suspension in concentration of 0.05 and 0.1%, while in a concentration of 0.01% its effect on induced phage produc- 
tion was practically absent. At concentrations of cystamine in the medium of 0.05 and 0.1% the FPD values were 
the same. The number of induced cells also increased in 240 rain. After introduction of the preparation into the 
medium, that is, in this t ime interval the anti-radiation effect of cystamine decreased. 

As was shown in the investigation, the length of the latent period does not change when the preparation is present 
in the medium at concentrations of 0.01 and 0.025%; however the yield of phage changes. Cystamine in a concen-  
tration of 0.01% has no effect on the amount of phage obtained,  which does not go beyond the normal limits, and is 
80-130 particles per induced bacterium, but in a concentration of 0.025% it reduces these figures to 3-10 phage par- 
ticles per cell. With 0.05% cystamine in the medium the synthesis of phage particles (y) in cells of the indicator 
strain E. coli C-85 is completely blocked (cystamine in the concentrations studied does not inactivate free phage 
particles). 

On the basis of a series o f  experiments, it was established that the length of the latent period of intracellular 
development of induced phage (y) in the presence of 0.01% cystamine, and also in the control, is 55 min. The yield 
of phage, which normally is 80-200 particles per cell,  in the given case varied within the normal limits, not exce-  
eding 160. Cystamine in a concentration of 0.025% and above completely blocked the development of phage (y) in 
induced cells of the lysogenic strain. 

However, after irradiation of the cells we did not observe a decrease in the number of induced bacteria kept 
at 0 ~ in the medium at the concentrations of cystamine which we used. 

The data obtained indicates that the anti-inducing effect of cystamine on lysogenic bacteria depends on the 
culture conditions of the latter (in particular, on temperature). It may be assumed that the blocking effect is linked 
with the penetration of the preparation into the cell which is accompanied by a definite energy discharge. Similar 

181 



results were noted by other investigators who studied in E. coli the possibil i ty of shielding against the lethal  effect 
of radiat ion by using cysteine (4). 

Perhaps cystamine or its decomposit ion products show in the medium either a direct effect ,  as on prophage 
during induction of lysogenic ceils and on DNA in the case of infection of sensitive cells or it acts on a repressor 
system which blocks prophage,  as a result of which the possible synthesis of phage (y)  genet ic  materi61 is inhibi ted.  

However, both a direct connection of cystamine with prophage and an indirect  one (with the repressor), if they 
exist,  are unstable,  which is indicated by the significant increase in the number of induced bacter ia  when irradiation 
is carr ied out 240 m i n  after addit ion of the preparation.  In addit ion,  the role of oxidat ion of the preparat ion in the 
decrease in effectiveness is not excluded.  

It is cer tain that the act ion of cystamine in induced phage production is a complex mechanism,  the develop-  
ment  of which depends great ly on the conditions of the exper iment .  

We noted the discrepancy between the decrease in the number of induced bacter ia  and the number of colonies 
after i rradiat ion which may be explained by the lysing of some bacter ia  without the production of phage as a result 
of the effect  of cystamine on prophage or repressors, and also by the lysing of bacteria  with the production of defect ive 
phages. It is possible also that phages develop in the bacteria  but do not mature.  The solution of this problem is 
l inked with an ultrastructural analysis of bac ter ia l  sections. 

1. 

2, 

3. 
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ations of the abbreviations as given in the original Russian journal. Some or all of this per/- 
odical l i t e ra ture  may we l l  be  a v a i l a b l e  in English translation. A complete list  of  the  c o v e r - t o .  
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