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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. 

M. A. MARCIALIS, A. ATZENI, ]~. BIONDI and B. LODDO 

Istituto di Microbiologia I I  dell' U~iversith, 
Via G. T. Porcell 72, Cagliari (Italy), 
25 July 7972. 

We are indebted to Dr. Masuzo Kanamori of the Toyama Chem. 
Co., Tokyo, for the gift of S-7. 

5 This work has been supported by a grant of the Consiglio Nazionale 
deUe Rieerehe, Roma. 

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 
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leucine 1., k a n a m y c i n  a~ and  col is t in  s u l p h a t e  a n d  I lavo- 
m y c i n  16 wh ich  e l imina t e  t he  g rowing  cells in preference  
to  t he  d o r m a n t  m u t a n t  cells in  a def ined  m e d i u m .  

I n  t h e  p r e sen t  work,  we h a v e  e x a m i n e d  t he  poss ib i l i ty  
of u s i n g  gr iseofulvin ,  an  a n t i f u n g a l  ant ib io t ic ,  for conc e n -  
t r a t i n g  t h e  m u t a n t  p o p u l a t i o n  in u l t r av io l e t  i r r ad i a t e d  
cu l tu re  of t~hodotorulc~ sp. Th i s  s t r a i n  exc re t i ng  g l u t a m i c  
acid was  i so la ted  f ro m soil a n d  m u t a t e d  for ex t r ace l lu l a r  
p r o d u c t i o n  of essen t ia l  a m i n o  acids. 

T h e  ki l l ing effect  of g r i seofu lv in  on t he  o r g a n i s m  ha s  
f i rs t  been  es tab l i shed .  T h e  cells were cu l t i va t ed  in comple t e  
m e d i u m  (0.5% pep tone ,  0 .3% m a l t  ex t r ac t ,  0 .3% y e a s t  
e x t r a c t  a n d  1.0% glucose) for  16 h b y  i n c u b a t i o n  a t  30 ~ 
in  s hak e  cul ture .  T h e  cells were t h e n  sub j ec t ed  to  n i t ro -  
gen  s t a r v a t i o n  b y  cu l t i va t i on  in WICKERHAM'S ~ mi-  
n i m a l  sa l t s  m e d i u m  devo id  of a m m o n i u m  s u l p h a t e  for 

Table I. Inactivation of Rhodotorula sp. cells by griseofulvin 

Concentration of Viable count Percentage of 
griseofulvin (rag/m1) • 106 cells/m1 survivors 

Control 41.0 100 

1.0 5.3 13,21 

5.0 1.0 2.5 

10.0 0.75 1.8 

Table II. Effect of UV-irradiation on percentage of survivors and 
auxotrophs 

Periodof Percentage TotalNo. Total No. Percentage Percentage 
exposure of of colonies of auxo- of auxo- of killing 
to UV survivors spotted trophs trophs 
(see) 

-0 100 450 - - 0 
10 69 560 6 1.0 31 
20 62 140 2 1.4 38 
30 58 490 9 1.8 42 
40 51 210 6 2.9 49 
50 42 240 4 1.8 58 
60 40 580 8 1.4 60 

120 30 540 7 1.3 70 
240 7 182 2 1.1 93 
300 1 97 - - 99 

Table III. Effect of griseofulvin on UV-irradiated ~ cells of Rhodotorulc~ 
sp. 

Concen- PercentageTotal No. TotalNo. Percentage Percentage 
tration of of of colonies of auxo- of auxo- of killing 
griseo- survivors spotted trophs troph s 
fulvin 
(mg/ml) 

Control 52 300 4 1.3 48 

1.0 22 350 21 6.0 78 

5.0 10 170 8 4.7 90 

10.0 6 420 13 3.1 94 

Exposed for 40 sec. 

16 h a nd  t h e n  t a k e n  up  in m i n i m a l  m e d i u m  w i t h  
a m m o n i u m  s u l p h a t e  pr ior  to  t r e a t m e n t  w i t h  t he  ant ib io t ic .  
T h e  cell s u s p e n s i o n  was  a d j u s t e d  a p p r o x i m a t e l y  5 • 108 
cells/ml.  Gr i seofu lv in  (Grisovin F P - G l a x o  L a b o r a t o r i e s  
(India) Ltd . )  was  a dde d  to a f inal  c o n c e n t r a t i o n  of 1, 5, 
a nd  10 m g / m l  to  tile cell s u s p e n s i o n  a n d  i n c u b a t e d  for 
60 min .  T h e  cells were t h e n  w a s h e d  w i th  phys io log ica l  
sa l ine  a n d  p l a t e d  ou t  on comple t e  m e d i u m .  T h e  v iab le  
c o u n t s  are  recorded  in Tab le  I ;  1 m g / m l  of gr i seofu lv in  
w a s  seen to h a v e  kil led a b o u t  85% of t he  to t a l  n u m b e r  
of ceils, a l t h o u g h  a t  10 t i m e s  h ighe r  c o n c e n t r a t i o n  of t h e  
an t ib io t i c  some  v iab le  cells of t h e  order  of a b o u t  2% could  
sti l l  be counted .  

T h e  o p t i m u n  dose of U V - i r r a d i a t i o n  was  chosen  b y  
e xpos ing  t he  cells of Rhodotorula sp. to UV- l igh t  for  
d i f fe ren t  per iods  of t ime.  10 ml  of t he  cell su spe ns ion  in 
dis t i l led w a t e r  c o n t a i n i n g  a p p r o x i m a t e l y  5 • 106 cel ls /ml  
w a s  t a k e n  in  open  Pe t r i  d i shes  a n d  i r r ad i a t ed  u s ing  125 
w a t t  (220-230 2) H a n o v i a  (Type  501/1) po r t ab l e  U V - l a m p  
f r o m  a d i s t ance  of 50 cm.  Af te r  o v e r n i g h t  i n c u b a t i o n  in 
t h e  ref r igera tor ,  t h e  cells were p l a t e d  ou t  on comple t e  

m e d i u m  for v iab le  c o u n t  a n d  a s s e s s m e n t  of m u t a t i o n .  
A u x o t r o p h s  were scored b y  s t r e a k i n g  on m i n i m a l  a n d  
comple t e  m e d i a  a nd  rechecked  on m i n i m a l  m e d i u m  for 
con f i rma t ion .  T h e  effect  of U V - i r r a d i a t i o n  on t he  s u r v i v a l  
a nd  yie ld  of a u x o t r o p h s  Call be seen  f rom d a t a  g iven  in 
Ta b l e  II.  40 sec. of exposu re  of cells to  UV- l igh t  ha s  g iven  
m a x i m u m  yield of a u x o t r o p h s  - 2 . 9  % w i t h  on ly  m o d e r a t e  
ki l l ing of cells (viz. 49%) 

T h e  eff icacy of gr i seofu lv in  in  select ive ki l l ing of p ro to-  
t r o p h s  in t h e  i r r ad i a t ed  cu l tu re  of Rhodotorula sp. w a s  
tes ted .  Ac t ive ly  g rowing  ceils a f t e r  s u b j e c t i n g  to n i t rogen  
s t a r v a t i o n  were i r r ad i a t ed  w i t h  U V - l i g h t  for 40 sec. T h e  
cells were re f r igera ted  o v e r n i g h t  a nd  t h e n  t a k e n  up  in 
WICKERI~AM'S m i n i m a l  m e d i u m  w i th  a m m o n i u m  s u l p h a t e  
a n d  i n c u b a t e d  a t  30 ~ for 6 h. Gr i seofu lv in  a t  3 levels  of 
f ina l  concen t ra t ion ,  viz. 1, 5 a nd  10 m g / m l  was  a dde d  
a n d  cell s u s p e n s i o n  i n c u b a t e d  for a f u r t h e r  per iod of 
60 min .  Viab i l i t y  a n d  a u x o t r o p h y  were scored b y  t h e  
m e t h o d  descr ibed  earlier.  T h e  resu l t s  are p r e se n t e d  ill 
Tab le  I I I .  I t  was  seen t h a t  1 m g / m l  gr i seofu lv in  ha s  g iven  
6.0% a u x o t r o p h s  w h i c h  a m o u n t s  to  a p p r o x i m a t e l y  a 
5-fold increase  in t he  yie ld  of a u x o t r o p h s  over  t he  control .  
H i g h e r  c o n c e n t r a t i o n  levels  of t he  an t ib io t i c  gave  lower 
yie lds  of a u x o t r o p h s  b u t  t h e y  were sti l l  b e t t e r  t h a n  t he  
con t ro l  w i t h o u t  t he  an t ib io t ic .  

T h e  U V - i r r a d i a t i o n  for more  t h a n  2 ra in  e xh ib i t e d  
a l m o s t  comple t e  ki l l ing of t he  cells a n d  despi te  effect ive  
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k i l l ing  t he  yie ld  of a u x o t r o p h s  was cons ide rab ly  lower in  
c o m p a r i s o n  w i t h  b a c t e r i a  is. The  m a x i m u m  n u m b e r  of 
a u x o t r o p h s  was o b t a i n e d  on ly  w i t h  40 sec of i r r ad ia t ion .  
I t  is e v i d e n t  f rom these  resu l t s  t h a t  t h e  response  of 
Rhodotorula sp. to  t h e  m u t a g e n i c  ac t ion  of UV- l igh t  is 
s imi la r  to  t h a t  of o the r  species of yeas t s  19, 90. 

Gr iseofu lv in  has  long b e e n  k n o w n  as a n  a n t i f u n g a l  
an t ib io t i c ,  a l t h o u g h  a comple te  s p e c t r u m  of sens i t ive  
o rgan i sms  is no t  avai lable .  I t  is r epo r t ed  to  i n h i b i t  t h e  
g r o w t h  of myce l i a l  fungi  b u t  has  no  effect  on bac t e r i a  or 
yeas t s  21-2a. E v e n  a m o n g  fungi,  on ly  those  w i t h  ch i t i nous  
cell h a v e  b e e n  shown  to  be  sens i t ive  is. I t  was the re fo re  
s ign i f i can t  in  t he  p r e sen t  s t u d y  to  show t h a t  Rhodotorula 
sp. cells are i n a c t i v a t e d  b y  gr iseofulvin,  t he  r a t e  of k i l l ing  
be ing  p r o p o r t i o n a l  to  t he  an t ib io t i c  c o n c e n t r a t i o n  (Table  I). 
T h e  effect ive  c o n c e n t r a t i o n  of gr i seofu lv in  for  inc reas ing  
t he  y ie ld  of a u x o t r o p h s  in t he  i r r ad i a t ed  cu l tu re  was i mg/  
m l  w h i c h  was be low the  l e tha l  dose. The  lower yields  of 
a u x o t r o p h s  w i t h  h igher  c o n c e n t r a t i o n s  of an t ib io t i c  (viz. 
4.7~ a n d  3.1% for 5 a n d  10 m g / m l  of gr i seofu lv in  
respec t ive ly)  was  p r o b a b l y  due  to  t h e  i n a c t i v a t i o n  of 
d o r m a n t  m u t a n t  cells as well  b y  mere  p e n e t r a t i o n  of t h e  
an t ib io t i c .  The  resu l t s  h a v e  also sugges ted  t h a t  on ly  
ac t ive ly  growing  ceils of Rhodotorula sp. are sens i t ive  to  
gr iseofulvin .  

Zusammen/assung. N a c h  V o r b e h a n d l u n g  v o n  Hefe-  
zellen m i t  Gr iseofu lv in  (selekt ive E l i m i n i e r u n g  y o n  Pro to -  
t r ophen )  zu nach fo lgende r  U V - B e h a n d l u n g  u n d  I n d u k t i o n  
y o n  M u t a n t e n ,  h a b e n  die b e s t r a h l t e n  Zellen der  i iberle-  
b e n d e n  Rhodotorula-Population f i in fmal  m e h r  Auxo t ro -  
pile sis die I{ont ro l len  ohne  das  A n t i b i o t i k u m .  
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A Survey of Some Cariogenic Streptococci for Hyaluronidase Activity 

A m o n g  the .  oral  s t reptococci ,  some s t r a in s  of Strepto- 
coccus mitis and  Streptococcus salivarius h a v e  been  repor t -  
ed to p roduce  h y a l u r o n i d a s e l .  I t  has  been  r epo r t ed  t h a t  
s t rep tococc i  i so la ted  f rom h u m a n  car ious  den t in ,  h a v i n g  
p roper t i e s  s imi la r  to  those  of Streptococcus mutans, could 
ut i l ize  h y a l u r o n i c  acid as t h e  sole source of c a r b o n  2. 
H o w e v e r ,  J~JELLMANN 3 t e s t ed  two s t r a ins  of S. mutans 
a n d  could no t  d e m o n s t r a t e  a n y  h y a l u r o n i d a s e  ac t iv i ty .  
Since S. mutans has  become  inc reas ing ly  assoc ia ted  w i t h  
d e n t a l  caries in  r ecen t  years ,  i t  was t h o u g h t  i m p o r t a n t  to  
s u r v e y  for h y a l u r o n i d a s e  a c t i v i t y  in  some reference 
s t r a ins  of th i s  o rgan i sm a n d  o the r  k n o w n  car iogenic  
s t reptococci .  

The  oral  s t rep tococc i  su rveyed  in t h i s  s t u d y  were :  S. 
mutans s t r a in s  FA-1,  SL-1, HS-6,  NTCC 10449, LM-7, 
AHT,  B H T ,  GS-5, 6715, OMZ-176, I n g b r i t t ,  E-49,  an d  
K - 1 R ;  Strep. sp. n o n t y p a b l e  s t r a ins  167 a n d  20; a n d  
Strep. sp. Lancef ie ld  g roup  H s t r a in s  F90A,  SBE,  an d  
Challis. F o u r  s t r a in s  of Staphylococcus aureus were used 
as pos i t ive  v iab le  controls .  Assay  discs, each  c o n t a i n i n g  
115 U S P  un i t s  of h y a l u r o n i d a s e  (Mann  Resea rch  Labs.)  
were also used as pos i t ive  cont ro l s  in  t h e  t e s t  sys tem.  

T h e  h y a l u r o n i d a s e  a c t i v i t y  of t h e  mic roo rgan i sms  was 
d e t e r m i n e d  b y  us ing  a p la t e  assay  p rocedure  descr ibed  b y  
SMITH a n d  WILLETT 4. O v e r n i g h t  b r o t h  cu l tu res  were  
inocu la t ed  on to  t h e  assay  m e d i u m  cons i s t ing  of B r a i n  
H e a r t  In fus ion  b r o t h  (Difco) s u p p l e m e n t e d  w i t h  hya lu -  
ronic  acid (S igma Chemica l  Co.), b o v i n e  a l b u m i n  (Sigma 
Chemica l  Co.) an d  1% Noble  aga r  (Difco). The  p la tes  were 
i n c u b a t e d  in  a n  a t m o s p h e r e  of 95% N a n d  5% CO S for 
72 h a t  37~ Af te r  i ncuba t ion ,  each  of t h e  aga r  p la tes  was  
f looded w i t h  2 N acet ic  acid for 10 min.  The  n o n d e g r a d e d  
s u b s t r a t e  a n d  a l b u m i n  were  p r e c i p i t a t e d  b y  t h e  acid, 
l eav ing  a clear  zone a r o u n d  only  those  colonies t h a t  
deg raded  t h e  h y a l u r o n i c  ac id  subs t ra t e .  Dup l i ca t e  
samples  of e a c h  cu l tu re  were t e s t e d  on  a t  l eas t  two 
occasions.  

T h e  four  s t r a ins  of Staph. aureus a n d  t h e  con t ro l  assay  
disc a lways  gave  a pos i t ive  r e su l t  for h y a l u r o n i d a s e  a c t i v :  
i ty.  However ,  al l  t h e  s t r ep tococca l  s t r a ins  t e s t ed  were  
found  nega t i ve  for hya lu ron idase ,  a l t h o u g h  g rowth  was 
obse rved  in all  cases. A t y p i ca l  resu l t  is i l l u s t r a t ed  in t h e  
Figure.  E i g h t  a d d i t i o n a l  s t r a in s  f resh ly  i so la ted  f rom 

Demonstration of the plate assay procedure for hyaluronidase 
activity. A clear zone around the inoculum indicates activity. 
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