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Three types of virus par t ic les  were found in a culture of the fungus Penicil l ium brevi  com-  
pactum, s t ra in  no. 192. One of the par t ic les  was identical with the v i rus- l ike  par t ic les  des-  
cribed previously  and containing double-helical  RNA, while the other two (called PB-1 and 
PB-2) are new types of DNA-containing phages. Phages PB-1 and PB-2 are infectious for a 
number of s t ra ins  of Escher ich ia  coli: the f i rs t  produces lysis of E. coli B, E. coliC,E_~, coli 
K12, and E. coli CK, while the second produces lysis  of E. coli CK only. 

Recent work has shown that v i rus- l ike  part icles  are  present  in cer ta in  cultures of fungi of the genera 
Penici i l ium and Aspergil lus [4-7]. These par t ic les  contained double-helical  RNA and were capable of in- 
ducing interferon synthesis in animals and in t issue cultures.  

The authors have found three types of virus par t ic les  in specimens of fungi of the species Penicil l ium 
brevi  compactum isolated in the Institute for the Search for New Antibiotics: type 1 consisted o f sma l lpo ly -  
gonal par t ic les  3 00 A in diameter ,  morphological ly  s imi lar  to those descr ibed previously [4, 7], while the 
other  two types of virus par t ic les ,  descr ibed as PB-1 and PB-2,  were new viruses  with an unusually broad 
spec t rum of action and universali ty.  Both v i ruses  were found to be infectious for severa l  s t rains  of Esche-  
r ichia  coll. 

TABLE 1. Results  of Ti t ra t ion of Mycelial 
Prepara t ions  f rom Penici l l ium s t ra in  no. 
192 on E. coli C and E. coli CK 

Time of 
cultivation 
of fungus 

6 h  
1 7 h  ~day 
3 d a y s  

4 - 
5 - 
6 - 
7 

Spores 

Infectivity per Infectious titer in 
gram biomass culture fluid 

E. eoli C iE. coli CK E. coli CK I E. coli C 

1 .10 ~ 3 . 1 0  ~ 0 
8 ,5 .10  2 2 , 6 . ! 0  3 0 
1 ,2 .10  a 4 . 1 0  a 0 
5 . 1 0  a 1 .10 a 0 
1 .10  5 2 .10  5 0 
2 . 1 0  6 9 .10  6 0 
9 . 1 0  6 7 . 1 W  0 
9 , 1 . 1 0  6 6 , 9 . 1 W  0 
1 ,5 .10  a 5 .10  3 0 

l . l O  a 5 .10  a 

The object of the present  investigation was to study the 
proper t ies  of these viruses .  

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

The method of isolation and growth of fungi of the genus 
Penicil l ium, s t ra in  No. 192, was descr ibed previously [1]. 
To obtain the viruses , the mycel ium f rom cultures of the fun- 
pus after incubation for different t imes (6 h to 7 days) and 
spores  formed during growth of the fungus on solid medium 
were used. During its growth, seedings of the fungus were 
taken twice a day on Hott inger 's  agar  in o rder  to look for a 
bacter ia l  flora. The mycel ium was fi l tered f rom culture fluid 
on a Biichner funnel (paper filter), weighed, and ground with 
powdered glass. Viruses were extracted f rom the ground 
mycel ium with 0.1 M NaC1 in 0.05 M phosphate buffer, pH 7. 0. 
The vi ruses  were then precipi tated with 30% ammonium sul-  
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TABLE 2. Concentrat ion and Purif icat ion of Virus PB-2 on Col- 
umn with DEAE-cel lulose  

Preparation Volume 

2 l i ters  

2 l i te rs  

1 l i t e r  
110 m l  

Tiler (in 
particles / 
rot) 

i .I011 

2 .10  6 

1.10 9 
1,5.1012 

E~o 

20,0 

3,9 

2,5 
30,0 

Prom. by 
Low 's 
methrYo~ 
(mg/ml) 

2,9 

Ez60/ 
plaque dose 

2.  I 0 - ' 0  

2.10 - n  

Proteinper 
plaque dose 
~in mg) 

2,9.10-s 

2.10-~ 

Original phage I 
suspensmn / 

Fluid draining / 
OUt I 

Washings [ 
Eluate I 

Yield 
~0 

8o 

Fig. 1. Viruses  PB-1 (a) and PB-2 (b), 
400,000• 

fate. Ability to produce lysis  of E. coli was determined in 
the original  culture fluid and in the eluate f rom the ground 
mycelium. Spores of the fungus were t reated in the same 
way. Pure  lines of v i ruses  PB-1 and PB-2 were obtained 
f rom an isolated plaque [3] by plating out on layers  of agar:  
PB-1 on E. eoli C, PB-2 on E. coli CK. 

Viruses PB-1 and PB-2 were grow~a on bac ter ia  in a 
5- i i te r  flask (2 l i ters  of medium) on a shaker  at 37~ The 
bac ter ia  were grow~ on Kel lenberger ' s  synthetic medium to 
a l i ter  of 1 x 108 pa r t i e l e s /ml ,  af ter  which they were infected 
with virus with a multiplicity of infection of l x  105. Lysis  
began after  5 h. The v i ruses  were concentrated and purified, 
in principle,  by the scheme descr ibed previously [2] on a col-  
umn with fibrous DEAE-celhdose .  The eluting solution was 
0.5 M NaC1 in 0~ M phosphate buffer, pH 7.0. 

After chromatography the virus suspension was cen- 
tr ifuged at 70,000 g for 40 rain, and the v i ruses  were further  
purified in a preformed CspSO 4 gradient,  followed by spin- 
ning in a 3 x 5 bucket ro tor  on a type UPR-1 centrifuge at 
35,000 rpm and at 4~ for 14 h. Nucleic acids were isolated 
by phenolic deproteinization [8]. Fo r  e lec t ron microscopy  
the vira l  suspension was applied to a grid with a posit ively 
charged f o r m v a r - c a r b o n  supporting fi lm and with 2% potas-  
s ium phosphotungstate,  pH 7.0. 

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

Investigation of mycel ium obtained f rom cultures of the fungus af ter  different per iods of incubation 
showed that in the ear ly  stages of development of the fungus v i ruses  t i t ratable on E. coli CK and E. coli C 
could be found in the ground mycel ium. As Table 1 shows, during subsequent incubation of the fungus the 
t i ter  of virus rose  gradually (by four to five o rde rs  of magnitude) to reach  a maximum by the fifth to sixth 
day. By the seventh day there was a marked decrease  in infectious activity. This was probably due to 
inactivation or  degradation of the virus  par t ic les  through autolysis of the fungal culture. No virus infectious 
to the bacter ia  could be found in the culture fluid. So far  as spores  formed during growth of the fungus on 
solid medium are concerned,  after  destruct ion they showed fair ly high phage activity (Table 1). If the cul-  
ture  of fungus was grown in the presence  of neomycin (250 mg/ml) ,  an antibiotic with broad spec t rum of ac-  
tion, extract  of the ground mycel ium also showed a marked lyric action on E. coli CK and E. coli C. At no 
stage of development of the fungal culture did seeding of the bacter ia l  f lora  give positive resul ts .  The r e -  
sults cannot therefore  be attributed to t r iva l  contamination. Most likely in this case virus par t ic les  with an 
unusually broad spec t rum of action and universal i ty  developed inside the mycel ium. 

By seeding v i ruses  f rom individual plaques it was possible to obtain pure lines of the two v i ruses :  
vi rus  PB-1 produced lysis  of E. coli CK, B, C,and K-12,while virus PB-2 produced lysis  of E. coli cK only. 
Growth of both v i ruses  on Kel lenberger ' s  medium led as a rule to the format ion of suspensions with a t i ler  
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of 1-3 x 1011 p a r t i c l e s / m l .  The r e su l t s  of ch romatography  of PB-2 v i rus  on DEAE-cel lu lose  a re  given in 
Table 2. The yield of v i rus  was 80% in a mean  concentra t ion of 15 t imes .  The index of puri ty  with r e sp ec t  
of nucleic acid was taken conventionally as the absorpt ion at 260 nm [2]. The degree  of pur i ty  by this c r i -  
t e r ion  was 90% (calculated pe r  plaque dose),  while the pur i ty  as r ega rd s  pro te in  (Lowry ' s  method) was 93%. 
During p r e p a r a t i v e  centr i fugat ion in a Cs2SO 4 density gradient  both v i ru ses  were  located in the zone of 1.38 
g / c m  3. Nucleic acid isola ted f r o m  both v i ru ses  gave a posi t ive  Cer io t t i ' s  r eac t ion  and a negative reac t ion  
with oreinc .  It can accordingly  be concluded that the nucleic acid of PB-1 and PB-2 is of the deoxyr ibose  
type. 

V i ruses  PB-1 and PB-2 were  inves t igated e l e c t r o n - m i c r o s c o p i c a l l y  (Fig. 1). Virus  PB-1 has a poly-  
gonal head about 450 .~ in d i am e t e r  and a f lexible,  noncontract ing tai l  (Fig. la ) ,  while vi rus  PB--2 is a poly-  
gonal pa r t i c l e  with a head m e a s u r i n g  520-540 A in d i ame te r  (Fig. lb).  

The cul ture  of the fungus l%nici l l ium brev i  compac tum,  s t r a in  No. 192 thus contains at l eas t  th ree  
types  of v i rus  pa r t i c l e s .  Of these ,  type 1 is identical  with the v i rus - l i ke  pa r t i c les  containing double-hel ical  
RNA desc r ibed  prev ious ly ,  while the o ther  two (called PB--1 and PB-2) a re  new types of v i ru ses  containing 
DNA. Vi ruses  PB-1 and PB-2 are  infectious for  s eve ra l  s t r a ins  of E. coll. The f i r s t  of these v i ruses  p r o -  
duces lys is  of E. coli  B, E. coli  C, E. coli  K-12,  and E. coli  CK, but the second produces  lys is  only of E. 
col i  CK. 
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