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a n d  cen t r iguged  in Caes ium chlor ide  dens i t y  g rad ien ts .  
I n  th i s  case sucrose g r ad i en t s  were p r e p a r e d  no t  in  S T E  
buffer ,  b u t  in  a 0.1 M p h o s p h a t e  buffer ,  a n d  i n s t ead  of 
R S B  a 0.1 M p h o s p h a t e  buf fe r  w i t h  o . 0 0 1 5 M  MgC12 was 
used. This  p r e c a u t i o n  was t a k e n  to p r e v e n t  t he  f o r m a t i o n  
of p rec ip i t a t e s  wh ich  occurs  in :Iris buffers.  

F igure  2 p resen t s  dens i t y  cha rac te r i s t i c s  of b o t h  r ibo-  
nuc leopro te ins .  I t  is seen f rom t he  F igure  t h a t  t h e  180 S 
r i bonuc l eop ro t e in  has  b u o y a n t  dens i ty  of 1.42 g/ml,  
whi le  t he  140 S r i b o n u c l e o p r o t e i n  b a n d s  a t  1.33 g/ml.  

G r a d i e n t  f rac t ions  t h a t  con t a i n  r i bonuc leopro te ins  
w i t h  d i f fe ren t  s e d i m e n t a t i o n  coeff icients  and  b u o y a n t  
densi t ies  were s tud ied  b y  t he  m e t h o d  of e lec t rophores io  in  
po l i ac ry l amide  gels ~. Fo r  t h i s  p rupose  chron ica l ly  in fec ted  
cu l tu res  were label led  w i t h  C14 a m i n o a c i d  m i x t u r e  
(2 FCi/ml, specific a c t i v i t y  50 ~Ci/ml). One p ro t e in  was  
de tec ted  in s t ruc tu re s  w i t h  the  b u o y a n t  dens i ty  of 1.42 
g /ml  t h a t  cor responded  to  nuc leocaps id  p r o t e i n  of t he  
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Fig. 3. Electrophoregrame of proteins from RNP structures that 
banded at 1.42 g/ml (A) and 1.33 g/ml (B). 

virus ,  while  severa l  p ro t e in s  were isola ted f rom the  s t ruc-  
tu res  t h a t  b a n d e d  a t  @ = 1.33 g/ml.  (Figure  3). The  l a t t e r  
m a y  depend  upon  va r ious  a m o u n t s  of p ro t e in  molecules  
p a c k e d  a r o u n d  t h e  R N A  th read .  I t  shou ld  be  n o t e d  t h a t  
t he  p a r a m e t e r s  of t h e  f i rs t  r i bonuc l eop ro t e in  (180S, 
1.42 g/ml) resembles  r ibonuc leopro te ins  t h a t  h a v e  been  
isola ted f rom vi r ions  of a rbov i ruses  *, whi le  t he  o the r  
r a t h e r  resembles  h y b r i d  par t ic les  fo rmed  of v i r a l  R N A  
and  cel lular  p ro te ins  5. 

Thus ,  in  I-IEp2 ceils ch ron ica l ly  in fec ted  w i t h  t he  t ick-  
bo rne  encepha l i t i s  virus ,  a c c u m u l a t i o n  of v i r a l  r ibonucleo-  
p ro t e in s  t akes  place  in wh ich  v i ra l  R N A  is associa ted 
w i t h  virus-specif ic  and  cel lular  p ro te ins .  Ma tu red  v i r ions  
are p r o b a b l y  fo rmed  in smal l  a m o u n t  a n d  are the re fore  
no t  revea led  b y  t he  m e t h o d s  employed.  

BblBO,~bI .  I]p0BeAeH0 HccneAOBaHHe rOMOEeHaTOB KneTOK, 

Xp0HHqeCKH HH~HIIHp0BaHHSIX BHpycoM KJIelIIeBOF0 3Hi le~a-  

JInTa. B 3THX KJIeTKaX o6Hapy)t(eHt,i  BHpycHb[e p H6 0 Hy Kn e0-  

rip0TeH~bl, o6naAatol i iHe pa3HbIMH KOHCTaHTaMH Ce)LHMeHTaILHH 

. ~ nnaByqe~ nn0TS0CTbm (180S, 1.42 r/Ma H 140S, 133 r/Mn) 
OTYIPIqaIoIIiHeCfl M e ~ A y  C060~ TaKHZe rio C0CTaBV 6enKoB. 
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Co-Ex i s t ence  of a G u a n i d i n e - D e p e n d e n c e  and of a T h i o p y r i m i d i n e  Dependence  in the S a m e  Strain of 
Po l iov irus  

Pol iovi ruses  deve lop  a dependence  on  ce r t a in  specific 
inh ib i to rs ,  such  as guan id ine  a n d  t h i o p y r i m i d i n e s  1, 2 The  
purpose  of t h e  p r e sen t  research  is to  a sce r t a in  whe the r ,  in  
t he  absence  of a cross dependence ,  a d e p e n d e n c e  on  b o t h  
i nh ib i t o r s  can  coexis t  ill t h e  same  s t ra in .  

Materials and methods. G u a n i d i n e  ( E a s t m a n  K o d a k ) ;  
e t h y l -  2 - m e t h y l t h i o - 4 - m e t h y l -  5 - p y r i m i d i n e  c a r b o x y l a t e  
(S-7) k i n d l y  fu rn i shed  b y  t h e  T o y a m a  Chemica l  Co., 
Tokyo ;  cells of t he  h u m a n  aneup lo id  cell l ine H E p 2  
(Amer ican  Type  Cul ture  Collection, Rockvi l l e  U S A ) ;  
t3 runenders  Po l iov i rus  1 a n d  i ts  two va r i an t s ,  t he  gua- 
n i d i n e - d e p e n d e n t  v a r i a n t  (G 100) a n d  t he  S-7 d e p e n d e n t  
v a r i a n t  (T 300) o b t a i n e d  t h r o u g h  serial  t r a n s p l a n t s  in  t he  
p resence  of inc reas ing  c o n c e n t r a t i o n s  of each  of t he  
i nh ib i t o r s  (up to  a m a x i m u m  c o n c e n t r a t i o n  of 100 vg a n d  
200 Fg/ml  of cu l tu re  m e d i u m  respect ive ly)  w h i c h  had  
t h e n  been  r e p e a t e d l y  c loned f rom single p l aques  accord ing  
to  t he  DULBECCO a n d  VOGT m e t h o d  a in  t he  presence  of t he  
a b o v e - m e n t i o n e d  d rug  concen t r a t i ons .  
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Table  I.  Effect  of guanidine and S-7 on the growth of sensitive and 
dependent poliovirus variants 

Inhibitors in the medium PFU produced in 8 h at 37~ 
(~g/ml) Sensitive Guanidine- S-7 dependent 

strain~ dependent variant o 
variant b 

__ 2.6 • 10sa 3•  1 .6 •  ~ 
Guan  HC1 33 4 • 104 2.1 • 106 3 • 104 
Guan  HC1 100 3•  1 .6•  108a < 104 
Guan  HC1 300 4 • 104 8.5 • 105 2 • 104 
S-7 100 2.5 • 105 3 • 104 5.8 • 106 
S-7 200 6;4104 3X104 7 •  TM 

S-7 300 2 • 104 < 104 3.9 • 106 
Guan HC1 33 + S-7 100 < 104 2 •  104 
Guan HCI 100 + S-7 100 2 • 104 9 • 104 < 104 
Guan HC1 300 + S-7 100 < 104 5 • 104 2 • 104 
S-7 100 + Guan  HCI 33 104 3 • 104 < 104 
S-7 200 + Guan  HC1 33 2 • 104 < 10 ~ < 104 
S-7 300 + Guan HC1 33 2 • 104 2 • 104 3 • 10 ~ 

P F U  t i t r a ted  in d rug  free medium.  
of guanidine HC1 100 [xg/ml. o PFU 
200 jig/m1, a Maximum virus yelds. 

b P F U  t i t r a ted  in the presence 
t i t r a ted  in the presence of S-7 
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Table II. Double drug-dependence induced to the poliovirus 1 Brunenders by serial passages in the presence of guanidine and S-7 
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Virus strain (25 PFU/eell) Drugs in the growth medium 

(~zg/ml) 

Virus yield, titrated as PFU according to the DULBECCO and 
VOGT a technique, in the presence of (~zg/ml) 

Guanidine Guanidine HC1100 
S 7 200 HC1 100 + $7"200 

GT variant ~ Guanidine HC1 100 + S 7 200 104 4,2 • 105 3 x 104 1,8 • 107 

aObtained by transplanting the guanidine dependent strain (see tex t ) in  ceil cultures containing both 100 ~tg/ml of guanidine HC1 and 
increasing concentrations of S 7 up to a maximum of 200 ~zg/ml. 

Table III. Lack of genomatie recombination between a S-7 dependent variant and a guanidine dependent variant of poliovirus 1 Brunenders 
infecting the same cel!s 

Virus strains (60 PFU/celI) Drugs in the growth medium 
([xg/ml) 

Virus yield, titrated as PFU according to the DULBECCO and 
VOOT 3 technique in the presence of (~g/ml) 

Guanidine $7 200 GuanidineHCi100 
HC1 100 + $7 200 

Guanidine dependent + $7 dependent Guanidine HC1 100 + $7 200 1.5 • 10 a 10 ~ 10 ~ < 103 

Cell monolayers  which  had  reached  confluence af ter  
i ncuba t ion  for 16 h a t  37~ in Eagle ' s  MEM (106 cells/ 
sample)  were depr ived  of t he  cul ture med ium and infected 
for 1 h a t  + 4 ~  wi th  25 p laque- fo rming  uni ts  (PFU) per  
cell. Af ter  r emoving  the  excess of inoculum by  washings  
in l-Iank's BSS,  the  cells were i ncuba ted  at  37~ in the  
same buffer  solut ion wi th  or w i thou t  t he  inhibi tors .  8 h 
af ter  infect ion the  whole cul tures were frozen and t haw ed  
( - -70~  +20~ 3 t imes  and  ceil debris  was r emoved  by  
cen t r i fuga t ion  at  5,000 r p m  for 5 rain. The P F U  produced  
were t i t r a t ed  according to the  DULBECCO and  VOGT 
m e t h o d  s, add ing  the  appropr i a t e  concen t ra t ions  of the  
2 inh ib i tors  for t he  t i t r a t i on  of the  respect ive  d e p e n d e n t  
var ian ts .  

Results. 25 vg/ml  of guanidine  or 50 ag /ml  of S-7 are 
suff ic ient  to  inh ib i t  t he  d e v e l o p m e n t  of t he  original 
sens i t ive  strain.  The guan id ine -dependen t  va r i an t  shows 
op t ima l  d e v e l o p m e n t  in the  presence  of 100 ag /ml  of 
guanid ine  and  fails to  develop if guanid ine  is e i ther  lack- 
ing, subs t i t u t ed  wi th  S-7 or p resen t  t oge the r  w i th  S-7 in 
t he  cul ture  med ium.  The S-7 d e p e n d e n t  var iant ,  on the  
o ther  hand ,  requires  200 ~zg/ml. of the  t h iopyr imid ine  for 
op t ima l  deve lopmen t  and  fails to  develop if the  th iopyr i -  
mid ine  is e i ther  lacking, subs t i t u t ed  wi th  guanidine  or 
p re sen t  toge the r  w i th  guanidine  in the  cul ture m e d i u m  
(Table I). 

Using these  data ,  which  indica te  the re  is no cross 
dependence  be tween  the  inhibi tors ,  an a t t e m p t  was made  
to  induce a double  dependence  in the  same virus  s t ra in  
by  t r an sp l an t i ng  serially the  guan id ine -dependen t  s t ra in  
in t he  presence  of 100 ag /ml  of gnanid ine  and  increasing 
concen t ra t ions  of S-7 up to  a m a x i m u m  concen t ra t ion  of 
200 ~zg/ml. 

The s t ra in ob ta ined  in th is  way  (Table II) was d e p e n d e n t  
on b o t h  drugs in t h a t  i t  required guanidine  and  S-7 
con temporaneous ly  in the  cul ture  m e d i u m  for op t ima l  
growth.  

On the  o ther  hand,  no evidence of double  d e p e n d e n c e  
was ob ta ined  by  recombina t ion ,  i.e. by  infect ing s imul ta-  
neously  the  same cells wi th  t he  gnanid ine  d e p e n d e n t  and  
the  S-7 d e p e n d e n t  va r i an t s  (Table I I I ) .  

Results and conclusions. Guanidine  and S-7 markers  
occupy di f ferent  posi t ions  in the  virus genome.  This 
excludes the  poss ibi l i ty  of a cross dependence  and  pe rmi t s  
the  coexis tence of a double  dependence  in t he  same virus  
strain.  The imposs ib i l i ty  (or r a the r  t he  difficulty) of 
ob ta in ing  such a double  dependence  t h ro u g h  genomat ic  
r ecombina t ion  tes t s  seems to  indica te  t h a t  guanidine  and  
S-7 markers  are placed so close toge the r  in t he  virus  ge- 
nome  t h a t  the i r  separa t ion  dur ing  cross-over  is unl ikely 4, 5. 

Riassunto. Una  doppia  d ipendenza  nei confront i  della 
guanid ina  e di una  t iop i r imid ina  (S-7) pub essere i n d o t t a  
in uno stesso s t ip i te  di pol iovirus  1. 
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Use  of Griseofulvin for the Isolat ion of Auxotroph ic  Mutants  of Rhodotorula  sp. 

Several  m e thods  have  been  developed for isolat ing 
b iochemica l  m u t a n t s  of microorgan isms  by  selective means  
which  faci l i ta te  in an increase in the  percen tage  of auxo-  
t roph ic  m u t a n t s  among  mixed  surviving popula t ion .  

These include the  use of penici l l in 1-4, cycloserine 5, 
nys ta t in6,  t r i t i um labelled t h y m i d i n e  ~, t h y m i n e  or 
d iaminopimel ic  acid s, 9 2-deoxy glucose 10, 8-azaguanine 11, 
pen t ach lo rophenoU 2, 5-fluorouracil  la, t r i t i u m labelled 


