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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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car ious  lesions, and  ident i f ied  as S. mutans 5, 6 were t e s t ed  
for h y a l u r o n i d a s e  ac t iv i ty .  These  8 s t r a ins  were also 
nega t ive  for  h y a l u r o n i d a s e  ac t iv i ty .  

A n  a t t e m p t  was  m a d e  t o  i nduce  h y a l n r o n i d a s e  a c t i v i t y  
b y  growing  each  of t h e  reference  cu l tu res  3 t imes  in b r a i n  
h e a r t  in fus ion  b r o t h  s u p p l e m e n t e d  w i t h  0 .01% h y a l u r o n i c  
acid. The  cu l tu res  r e m a i n e d  nega t i ve  for  h y a l u r o n i d a s e  
ac t iv i ty ,  r educ ing  t h e  poss ib i l i ty  t h a t  e n z y m e  a c t i v i t y  
was lost  t h r o u g h  subcu l tu r ing .  

I t  m a y  be  conc luded  t h a t  S. mutans a n d  t he  o the r  
car iogenic  s t rep tococc i  s tud ied  do n o t  p roduce  hya lu -  
ron idase  u n d e r  t he  cond i t ions  of th i s  i nves t i ga t i on  7. 

Zusammen[assung. Dre izehn  S t / imme Streptococcus 
mutans u n d  5 ka r iogene  S t r e p t o k o k k e n - S t g m m e  w u r d e n  
auf  ihre  H y a l u r o n i d a s e - A k t i v i t ~ t  u n t e r s u c h t .  Alle 18 
St~Lmme zeig ten  nega t i ve  Hyaluronidase-Akt ivi tS~t .  A c h t  
wei tere  S t ~ m m e  yon  Streptococcus mutans w u r d e n  zu- 
sgtzl~ch yon  ka r i6 sem D e n t i n  isol ier t  u n d  un t e r su ch t .  

A u c h  h ie r  k 6 n n t e  ke ine  H y a l u r o n i d a s e - A k t i v i t ~ t  n a c h -  
gewiesen werden.  H y a l u r o n i d a s e - A k t i v i t / i t  k o n n t e  n i c h t  
i nduz i e r t  w e r d e n  u n d  es w u r d e  gefolgert ,  dass  Strepto- 
coccus mutans u n d  ande re  ka r iogene  S t r e p t o k o k k e n  ke ine  
H y a l u r o n i d a s e  erzeugen.  

L. G. SIMONSON, an d  I. L. SHKLAIR s 

Microbiology Division, Naval Dental Research Institute, 
Naval Base, Great Lakes (Illinois 60088, USA), 
26 June 1972. 

5 S. EDWARDSSON, Archs. oral Biol. 73, 637 (1968). 
6 H. V. JORDAn, B. KRASSE and A. MOLLER, Archs. oral Biol. 13, 

919 (1968). 
From Research Project No. MR005.20.01 6049A3JJ, Bureau of 
Medicine and Surgery, U. S. Navy Department, Washington, D. 
c. (usa) .  

8 We thank DT2 J. Mc CORMICK for technical assistance. 

Flagellar Hairs on Zoospores of Phytophthora Species: Tip Hairs on the Whiplash Flagel lum 

The  l a t e ra l  ha i r s  on  the  t inse l  f lage l lum of t h e  zoospores 
of Phytophthora species were  observed  b y  e lec t ron  micro-  
scopy some t i m e  ago 1 a. R e c e n t l y  l a te ra l  ha i r s  were 
r epo r t ed  on  t he  w h i p l a s h  f lage l lum of P .  erythroseptica 
Pe thyb r idge ,  P. palmivora (Butl .)  But l . ,  a n d  P .  parasitica 
D a s t u r  4-~. However ,  no  repor t s  of t i p  or t e r m i n a l  ha i r s  on 
t he  wh ip l a sh  f lagel lum of Phytophthora zoospores h a v e  
been  made .  W e  r epor t  here  t h e  presence  of t ip  ha i r s  on  the  
wh ip l a sh  f lagel lum in 4 species of t h i s  genus,  a n d  l a t e ra l  
ha i r s  on t h e  wh ip l a sh  f lage l lum of two species no t  pre-  
v ious ly  r epo r t ed  to h a v e  t h e m .  

P. cinnamomi an d  _P. megasperma vat .  so/ae were  g rown  
in axen ic  cul turesT;  P. palmivora was g rown on V-8 juice 
aga r  a n d  P. parasitica on s ter i le  a l falfa  s t em segments .  
Cul tures  w i t h  n u m e r o u s  zoosporang ia  were f looded w i t h  
glass d is t i l led  water ,  an d  all  excep t  P. parasitica were 
chi l led before a l lowing t h e m  to  s t a n d  for  20-30 m i n  to  
induce  zoospore swarming .  The  s w a r m i n g  zoospores were 
concen t r a t ed ,  fixed, w a s h e d  an d  p r e p a r e d  for e lec t ron  
mic roscopy  as p rev ious ly  descr ibed  ~. The  spec imens  were 
e x a m i n e d  in e i the r  a n  RCA E M U - 3 B  or H i t a c h i  HU-12  
e lec t ron  microscope  b o t h  w i t h  50 ~xm ob jec t ive  aper tu res .  

a) Portion of whiplash flagellum of P. megasperma var. sojae unidirectionally shadow cast with palladium showing both lateral and tip 
hairs, b) Portion of whiplash flagellum oI P. parasitica rotary shadow cast with platinum-palIadium alloy showing both lateral and tip 
hairs, c) Rotary shadow cast tip of P. megasperma vat. solar flagellum with several hairs, d) Unidirectionally shadow cast tip of P. megasperma 
var. soyae flagellum showing detached tip hairs. All bars represent 1 vtm. 


