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The bio logica l  space research program envisages the study of the conditions of l ife in cosmic space by bio-  
logical  and, in particular,  by microbiologica l  methods and the investigation and the genet ic  effects produced by the 
action of the factors of flight in cosmic space. 

Investigations to study the genet ic  effects of cosmic flight were undertaken with lysogenic bacteria.  In the 
lysogenic strain E. coli  K-12, carrying prophage X, a genet ic  reaction (the formation of induced phage) is produced 
by tenths of a roentgen. It could therefore be used in al l  cases when it was necessary to determine how cells react  
to ionizing radiation. The use of a lysogenic system is part icularly promising for the elucidat ion of the genetic 
effects of agents acting col lec t ively:  ionizing radiation and factors associated with cosmic flight, for example vi-  
bration, accelerat ion,  and weightlessness. 

In the present experiments,  carried out during the flights of ships "Vostok-3,""Vostok-4," "Vostok-5," and 
"Vostok-6" [1,2], a s tat is t ical ly significant increase was observed in the induced phage production of E. coli  K- t2  

m 
(X) in the exper imenta l  specimens by comparison with the controls remaining on the cosmodrome. 

TABLE 1. Effect of Vibration of Different Frequency 
on Phage Production of the Lysogenic Culture E. coli  
K-12 (X) 
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Legend: Nr) number of phage particles induced in 

experiment:  Ns) number of phage particles formed 
spontaneously. 

Phage production in the specimens exposed in V. 
Bykovskii's cabin was 3.67 times greater than the control 
value,  and in those exposed in V. Nikolaeva-Tereshkova 's  
cabin it was 1.7 times greater. 

Special  experiments showed that an increase of three 

times in phage production corresponds to the inducing ef-  
fect of acute y-ray irradiation in a dose of ~ 50 I~ The 
same degree of phage induction may be produced by the 
action of chronic irradiation on lysogenic bacter ia  in a 
dose of 3.2 R at a dose rate of 4 R/day in frozen culture 
conditions [1, 2]. Analysis of the readings of physical ap-  
paratuses shows that a dose of 50 Ris approximately  three 
orders higher than the dose during orbital  flights. It thus 
fotlows that the induction of lysogenic bacter ia  observed 

in the experiments during flight of the ships "Vostok-3," 
"Vostok-4," "Vostok-5," and "Vostok-6" was not ent irely 
due to the action of cosmic radiation. The gene t ic - induc-  
ing effect~observed could have been the result of the ac-  
tion of other factors operating in cosmic flight: 
weightlessness or mechanica l  a g e n c i e s - a c c e l e r a t i o n  

and vibration, 
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TABLE 2. Results of an Investigation of the Influence of the Combined Action of Vibration and y-Irradiation 

on the Phage-Producing Ability of E. coli K-12 (X) 

No, 

1 

2 

3 

4 

5 

6 

Conditions 

Vibration -irradiation -vibration 

Vibration -irradiation 

Irradiation -vibration 

Irradiation 

Vibration 

Control 

No. of 
seedings 

Total No. of 
phage parti- 

cles, x 10 a 

12,667 

9,877 

9,009 

9,108 

872 

1,417 

Mean No. of 
phage parti- 

cles of sam- 
pies (M • m) 

2533.4 + 34.54 

1975.4 J: 8.56 

1808 ~: 23, 10 
1821.6 i 24.02 

174.4 J: 10.50 

283.4 i 22.70 

R P 

9.0 < 0.001" 

6.9 < 0.01 t 
6.4 

6.4 
0.6 < 0.0015 

Remarks. The index R for each type of factor was calculated in relation to a control culture not exposed 
to vibration. 
* Comparison between 1st type of procedure and 4th. 

I" Comparison between 2nd type of procedure and 4th. 
$ Comparison of results of exposure to vibration and control. 

The object of the present investigation was to determine the effect of vibration on a lysogenic strain of E. coli 

among the whole group of factors of cosmic flight, 

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

In all the experiments the lysogenic culture was taken after incubation for 5 h in optimal conditions. A sus- 

pension of the bacteria was prepared in physiological medium and poured into special flasks. Samples of the culture 

of E. eoli K-12 (X) in terrestriai conditions were exposed to vibration in a pure form and in various combinations 
with y-irradiation from a Co ~~ source (dose t00 R). Vibration with frequencies of 18, 35, 75, 100, or 700 cps was 

generated on a vibrator for 15, 30, or 60 rain (overloading of 10 g). 

The number of viable cells and of bacteria producing phage was determined simultaneously in the control 

and experimental samples. 

The experimental results were assessed with the aid of the index R, characterizing the relationship between 

induced and spontaneous phage production. 

R ES U LTS  

The degree of induction obtained in a series of experiments with exposure to vibration in variou3 ranges of 

frequencies (from 18 to 700 cps) and for various periods is given in Table 1. This table shows that the value of R in 

these ranges of vibration was approximately the same ( 0.8-1.1).  The number of phage particles in the experimental  sam ples 
did not exceed the level of spontaneous phage production in the controls, and in fact it was slightly smaller in some 

experiments. 

The results in Table 2 show the effect of the combined action of vibration with a frequency of 700 cps (am- 

plitude of oscillations 0.05 ram, overloading 10 g, t i m /  15 rain) with y-irradiation in a dose of 100 R (dose rate 
21 R/rain). It is clear from Table 2 that in the samples of the lysogenic culture exposed to vibration and irradia- 

tion for 18 rain, followed by vibration alone for 15 men, the number of induced bacteria was 40% greater than the 

number of induced cells observed after y-irradiation alone. This increase is statistically significant. 

A slight intensification of the inducing action of Y-rays was observed also following a single exposure to vi-  

bration 1.5 h before irradiation. However, vibration given 1, 5 h after irradiation of the lysogenic culture was inef- 

fective. The number of induced phage particles in this case was almost the same as in the samples exposed to irra- 

diation alone. 

It may be concluded from the results described above that vibration increases the sensitivity of lysogenic bac- 

teria to the subsequent action of ionizing radiation, although by itself this factor does not induce phage formation, 

but on the contrary, inhibits it. This is confirmed by the degree of induced phage production in the samples of 
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E. coli  K-12 (k) exposed to vibration compared with that in controls not exposed to vibrat ion (see Table 2). The 
value  of R ca lcula ted  by comparing the results of the exper imenta l  and control series is s tat is t ica! ly significant. 

It may be postulated on the basis of this investigation that the inducing effect discovered after exposure of 
E-- coil  K-12 (X) on the ships "Vostok-3," "Vostok-4," "Vostok-5," and "Vostok-6" was associated with the c o m -  
bined action of the factors of cosmic flight. Exposure to vibrat ion evident ly  causes sensit ization of the lysogenic 
culture to the act ion of cosmic radiation,  and this causes the appearance of induction of the bacter ia  after exposure 
to smal l  doses amounting to several  tens of mill irads.  As previously mentioned, other sources of genet ic  mutations 
may be mechanica l  factors associated with accelerat ion,  and also weightlessness. The solution of these important  
problems requires special  experiments to examine the b io logica l  effects of these factors. 

S U M M A R Y  

In experiments staged in space ships "Vostok-5" and "Vostok-6" a significant excess over induced phage pro- 
duction of E coli  (3.67 and 1.7 times respectively) was noted. 

It was established under laboratory conditions that a three-fold increase in phage production corresponds to 
the inducing effect of radiation in a dose of 58 tL which is approximately by three orders higher than the physical 
dose of radiat ion in an orbi tal  flight. The established inducing effect might be associated with other space flight 
factors (weightlessness, accelerat ions,  vibration). To verify this supposition laboratory experiments were made in 
order to ascertain the influence of vibrat ion in the total  complex of space flight factors. A culture of E. coli  K- i2  
(X) was subjected to vibrat ion in pure form or in combination with ?,-irradiation (dose of  100 R). Vibration was pro- 
duced on a vibrostand at a frequency rate of 18, 35, '15, or 700 cps during 15-60 rain at overload of 10 g. 

It was found that the vibration effect i tself  did not increase the number of phage particles in exper imental  
samples as compared to the level  of spontaneous phage formation. During the influence of vibrat ion and radiation 
with subsequent vibrat ion the number of induced bac ter ia  was 1.4 times larger than that of induced cells which were 
observed in the case of y - i r rad ia t ion  alone, 

A slight intensif icat ion of the inducing effect  of ?,-rays was observed also with a single vibrat ion dose 11/2 h 
before irradiation. In vibration applied after i rradiat ion of the culture the number of induced phage particles was 
almost the same as in the samples subjected to irradiation alone. 

The findings obtained indicate that inducing effect  in exposure of E. coli  K-12 (X) carried in "Vostok-5" and 
"Vostok-6" space ships was connected with a complex influence of space flight factors - r a d i a t i o n  and vibration. 
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