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The effect of dimethylsulfoxide (DMSO) and rimantidine on the reproduct ion of phages T-3,  T-4,  
T-7,  and X were studied singly and in combination. Maximal activation of reproduct ion of phages 
T-3 and T-7 by DMSO was observed during the f i rs t  6 rain of the latent period. Meanwhile this 
compound had no action on reproduct ion of phages T-4 and )~, a resul t  attributable to the use of 
in t racel lu lar  RNA polymerase  by these phages. DMSO was shown to st imulate synthesis of the 
DNA of phage T-3,  evidently through its action on phage RNA polymerase .  During the combined 
action of these compounds, par t ia l  blocking of their  mutually opposite action on the synthesis of 
phage macromolecu les  and total abolition of the inhibitory action of remantidine on the yield of 
infectious phage T-3 were observed.  
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In recent  years  dimethylsulfoxide (DMSO) has a t t rac ted  the attention of r e sea rch  workers .  This compound 
has been shown, on the one hand, to increase  the infectivity of the RNA of poliomyeli t is  and Mengo v i ruses ,  and 
on the otber hand, to acce lera te  penetration of influenza v i rus  into the cell. In addition, DMSO increases  in ter-  
feron production in mice infected with Sindbis and Chalovo v i ruses  [5]. In subbacter iostat ic  concentrat ions it in- 
c r ea ses  the penetrat ion of dyes, antibiotics,  and other  biologically active compounds into bacter ia l  cells, and if 
its concentrat ion is increased to 25-30~/0, it produces  lysis  of the cell walls. This compound is interesting also 
f rom the standpoint of its action on cer tain enzyme sys tems.  For  instance, Str~tling et a l .  [6] showed that DMSO 
in vi tro st imulates the synthesis of DNA of phage T-7 and activates the function of phage RNA polymerase .  

The object of this investigation was to study the effect of DMSO on reproduct ion of phages T-3,  T-4, T-7,  
and ~ and to examine the effect iveness of its use in combination with r imantidine,  which has the proper ty  of in- 
hibiting phage RNA polymerase .  

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

Exper iments  were ca r r i ed  out with the following strains of Escher ich ia  coli: E. coli  B, E. coliBB, E. coli 
K-12 (k), E. coli K-12 CSH-2 (R-4), p ro -  met-  (k), and E. coli K-12 SF-14 ( try- ,  sr) ,  and with phages T-3,  T-  
4, T-7,  andX. DMSO and rimantidine were dissolved in medium M-9, which was used as the nutrient medium 
for growth of the bacter ia .  The action of the compounds on phage reproduct ion was studied by the usual methods 
[1]. To study the action of these compounds on a phage model, investigations with radioactive p r e c u r s o r s  were 
c a r r i ed  out by the method descr ibed previously [2]. 

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

As a f i rs t  step the concentrat ions of DMSO close to the maximal tolerable levels were determined. The 
compound, in a concentrat ion of below 3%, had no bacter ios ta t ic  action on any s t ra in  of E. coli used during in- 
cubation for 1 to 24 h, in agreement  with data obtained ear l ie r .  
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Fig. 1. Stimulating act ion of va r ious  concent ra t ions  of 
DMSO on product ion of infectious phages T-3 and T-7.  
Absc i s sa ,  concentra t ion of DMSO (in %) ; ordinate,  here 
and in Fig. 2, product ion of infectious phage (in% of control) .  

Fig. 2. Action of 2% DMSO on yield of infectious phage as  a 
function of t ime  of addition of compound. Ar rows  indicate 
t ime  of addition of DMSO. Absc i s sa ,  t ime  (in min). 
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Fig. 3. Effect  of DMSO (2%) alone and in conjunction with 
r imant idine (100/~g/ml) on synthes is  of p ro te ins  (C) of 
phage T-3 .  DNA (A), RNA (B). 1) Infected bac t e r i a  (con- 
trol);  2) 2% DMSO; 3) 2% DMSO+rimant idine (100 ~g /ml ) .  
Absc i s sa ,  t ime  (in min); ordinate,  intensi ty of synthes is  
(in counts/rain) .  

In the course  of this per iod of incubation, 2% DMSO had no significant effect  on the me tabo l i sm of the bac -  
t e r ia l  cel ls ,  as  shown by incorporat ion of p r e c u r s o r s  into bac te r i a l  DNA, RNA, and pro te ins .  Meanwhile the 
compound had no phagocytic action on phages T-3,  T-4 ,  T-7,  and X. 

The next step was to study the effect  of var ious  nonbacter ios ta t ic  concentra t ions  of DMSO on the r ep roduc -  
tion of these phages.  Its action on phages T-4 and X was negligible, but the degree  of act ivat ion of reproduct ion 
of phages T-3 and T-7 depended on the concentra t ion of the compound (Fig. 1). 

The next expe r imen t s  were  c a r r i e d  out with 2% DMSO. The object  of this  s e r i e s  of expe r imen t s  was to 
study how the action of DMSO on reproduct ion of phages  T-3 and T-7 depends on the t ime  of its addition to the 
p h a g e - b a c t e r i u m  sys tem.  The r e su l t s  (Fig. 2) showed that the ef fec t iveness  of the compound was g rea t e s t  
during the f i r s t  minutes of the latent  per iod  of development  of the phage. 

The mechan ism of action of DMSO on reproduct ion of phage T-3 was judged f r o m  the incorpora t ion  of 
thymidine-3H and uridine-3H into phage DNA and RNA and of amino acids-14C into prote ins .  It will be c l ea r  f rom 
Fig. 3 that  in the p resence  of 2% DMSO the synthes is  of phage DNA was inc reased  by 50%, of RNA by 25%, and 
of prote in  by 10%. 

1044 



Considering data in the l i te ra ture  and the resul ts  of the present  experiments  on activation of phage RNA 
polymerase  and synthesis  of phage DNA and RNA by DMSO, it can be concluded that one mechanism of its action 
is by its activation of phage RNA polymerase  in vivo. Since this enzyme is essential  both for  t ranscr ip t ion of 
the gene coding DNA polymerase  and for the initiation of DNA synthesis [3], it can be postulated that the s t imu- 
lant action of DMSO on the synthesis  of phage DNA is the resul t  of activation of phage RNA potymerase .  This 
is conf i rmed by the following facts:  1) maximal activation, constant in value, of reproduction of phage T-3 by 
DMSO was observed during the f i rs t  6 rain of the latent period, i.e., the period sensitive to the action of the 
compound was between the 5th and 6th minutes, when t ranscr ip t ion  of the f i rs t  genes of the nlate region ~ - of 
DNase, DNA polymerase ,  etc. - by phage RNA polymerase  begins [2] ; 2) at the same time DMSO did not act i -  
vate the reproduct ion of phages T-4 and ~ which, unlike phages T-3 and T-7, utilize the intraeel lular  RNA 
polymerase  af ter  modifying it. 

The resul ts  showing that r imantidine select ively blocks phage RNA polymerase  and the hypotheses ex- 
p re s sed  above regarding the possible mechanism of action of DMSO formed the basis  for studies of the action 
of these compounds when used together.  Exper iments  showed part ial  blocking of their  mutually opposite action 
on the synthesis  of phage macromolecu les  (Fig. 3) and the total abolition of the inhibitory action of rimantidine 
on the yield of infectious phage T-3. 

The hypotheses regarding  the action of rimantidine and DMSO expressed  above can serve as the basis for 
fur ther  study of the mechanisms of action of these compounds on the s t ructura l  and functional components of 
phage s. 
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In a se r ies  of exper iments  2250 tadpoles were infected with three s t ra ins  of NAG vibrios.  It can 
be concluded f rom the resul ts  of bacter iological  and pathomorphological  e l ec t ron -mic roscop ic  
and light=-optical investigations that during the f i rs t  2 days the animals  develop and r ecove r  f rom 
an acute infection, but the vibr ios  la ter  pers i s t  for a long t ime in the body of the tadpoles and are  
excre ted  with the feces into the surrounding medium. 

KEY WORDS: frog tadpoles; NAG infection; vibr ios;  mitoses  of intestinal epithelium. 

The problem of cholera  and NAG infection cannot be solved without elucidation of the nature of interepide- 
mic per iods.  It is pa r t i cu la r ly  important  to d iscover  the fac tors  which maintain the endemici ty of the infection 
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