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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.  
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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. 
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Tip  ha i r s  occur red  on  t he  w h i p l a s h  f lage l lum of t he  
zoospores of P. cinnamomi R a n d s ,  P. megasperma va t .  
sojae H i l d e b r a n d ,  P .  palmivora a n d  P. parasitica (F igure  
1, a -d) .  The  l e n g t h  of t h e  ha i r s  va r ies  f rom 460 to  500 n m  
on d i f fe ren t  species. T he  w i d t h  as m e a s u r e d  on  s h a d o w  
cas t  spec imens  is 11-12 nm.  T he  t ip  ha i r s  were no t  found  
on  t h e  w ip la sh  f lage l lum of eve ry  zoospore  obse rved  as 
t h e y  are a p p a r e n t l y  qu i t e  fragile  a n d  p r o b a b l y  b r e a k  off 
d u r i n g  spec imen  p r e p a r a t i o n .  F igu re  l d, w h i c h  shows 
1 a t t a c h e d  h a i r  a n d  2 d e t a c h e d  hairs ,  suggests  t h a t  t h e y  
are fragile  a n d  easi ly lost. Since t h e  n u m b e r  of t i p  ha i r s  
va r i ed  w i t h i n  single species, t h i s  m a y  be  a f u r t h e r  
i nd i ca t i on  of t h e i r  f ragi l i ty .  F o r  example ,  m a n y  flagella of 
P. megasperma var .  sojae h a d  7 or 8 t ip  ha i r s  (Figure I c) 
whi le  o the r s  h a d  on ly  1 or 2 (Figure l a ) .  

L a t e r a l  ha i r s  were cons i s t en t l y  i o u n d  on  t h e  wh ip l a sh  
f lagel la  of t h e  zoospores of P. cinnamomi a n d  P .  mega- 
sperma var .  sojae. The  l e n g t h  a n d  w i d t h  of these  hai rs ,  as 
m e a s u r e d  on  s h a d o w  cas t  p r e p a r a t i o n s ,  were a b o u t  t h e  
s ame  as those  r epo r t ed  for P.  palmivora 5, i.e. ca. 500 n m  
long  a n d  15 urn  wide.  L a t e r a l  ha i r s  were also obse rved  on 
t h e  w h i p l a s h  f lage l lum of /~. parasitica (Figure 1 b) ; t h e  
l a t t e r  conf i rms  t he  f ind ing  of REICHLX 6 in his  s tud ies  of 
n e g a t i v e l y  s t a i ned  f lagella of t h i s  species. These  f ind ings  
b r i n g  t h e  t o t a l  n u m b e r  of Phytophthora species w i t h  
l a te ra l  ha i r s  on  t h e  w h i p l a s h  f lage l lum to 5, wh ich  sug- 
gests  t h a t  t h e i r  p resence  is a c o m m o n  p h e n o m e n o n  r a t h e r  
t h a n  a n  u n u s u a l  one  as p rev ious ly  sugges ted  s, 9. 

A l t h o u g h  t he  presence  of f lagel lar  ha i r s  (mas t igonemes)  
is s o m e t i m e s  d i f f icu l t  to  d e m o n s t r a t e  because  of t h e i r  
f ragi l i ty ,  eve ry  ef for t  shou ld  be  m a d e  to  carefu l ly  p r epa re  
spec imens  for e lec t ron  mic roscopy  before  conc lud ing  t h a t  
t h e y  are  n o t  p resen t .  Ce r t a in ly  al l  t ypes  oI i lagel lar  ha i r s  
are useful  in  t a x o n o m i c  s tud ies  1~ n .  

MANTON ~0, in  d iscuss ing  f lagel lar  s t ruc tu re ,  has  recom- 
m e n d e d  t h a t  t h e  t e r m  ' a c r o n e m a t i c '  n o t  be  used to  
descr ibe  t h e  t e r m i n a l  s t r u c t u r e  of f lagel la  s ince such  a 
t e r m  suggests  a t e r m i n a l  ha i r  s imi la r  to  l a te ra l  ha i r s  on  
c e r t a i n  flagella.  P e r h a p s  t h e  t e r m  could be  va l i d l y  used  
here  to  descr ibe  t h e  t i p  ha i r s  on  Phytophthora w h i p l a s h  
f lagel la  since t h e y  are indeed  s imi la r  to  t i le  l a t e ra l  ha i rs .  
Neve r the l e s s  for  t h e  sake  of c l a r i t y  we h a v e  s i m p l y  desi- 
g n a t e d  t h e m  as t i p  or t e r m i n a l  ha i rs .  

I t  h a s  been  s t a t e d  t h a t  t he  l a t e ra l  ha i r s  on  t he  t inse l  
f l age l lum of P. in/estans arise f rom t he  ' ax i s '  ( p r e s u m a b l y  
t h e  fibrils) of t he  f lage l lum 3, s. However ,  t h i s  has  no t  as 
ye t  b e e n  d e m o n s t r a t e d  in u l t r a t h i n  sec t ions  of f lagel la  s. 
N o t h i n g  is k n o w n  a b o u t  t h e  p o i n t  of or ig in  of t h e  ha i r s  
on  t he  w h i p l a s h  f lagel lum.  W i t h  respec t  to  t h e  t i p  h a i r s  

descr ibed  in t h i s  repor t ,  one m i g h t  a t  f i r s t  w o n d e r  if t h e y  
are ex tens ions  of t h e  cen t r a l  f ibr i ls  of t h e  f lagel lum.  
However ,  t h e i r  w i d t h  (11-12 nm)  is less t h a n  t he  d i a m e t e r  
of t he  whole  f ibr i l  (30-36 rim) a n d  g rea te r  t h a n  t h a t  of t he  
f i l a m e n t s  (4-5 nm)  descr ibed  b y  GRIMS~ONE 12 a n d  R ingo  1~ 
as fo rming  t he  walls  of t he  f ibri ls .  Th i s  d i f ference in  dia-  
m e t e r s  would  seem to  sugges t  t h a t  t h e  t i p  ha i r s  are no t  
ex tens ions  of t h e  f lagel lar  f ibr i ls  14. 

Rdsumd. Des m a s t i g o n 6 m e s  de 460-500 n m  de longueur  
e t  11-12 n m  de l a rgeur  e x i s t e n t  ~ l ' e x t r 6 m i t 6  du  flagelle 
,whiplash~> des zoospores des Phytophthora cinnamomi, 
P. megasperma var .  so]ae, P. palmivora et  P. parasitica. 
Des mas t i gon6mes  l a t6 r aux  e x i s t e n t  auss i  sur  le f lagelle 
, w h i p l a s h ,  des 4 esp6ces. C 'es t  la p remi6re  m e n t i o n  de 
mas t i gon6mes  l a t6 r aux  sur  le f lagelle , w h i p l a s h ,  de 
P. cinnamomi et  de P .  megasperma var .  sojae. 
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C O G I T A T I O N E S  

Diva lent  Metal  Ion Buffers  w i t h  L o w  p H - S e n s i t i v i t y  

Introduction. R e a c t i o n  r a t e  a n d  s t a b i l i t y  of n u m e r o u s  
enzymes  are  d e p e n d e n t  on  t h e  p resence  of cer ta in ,  
m o s t l y  d i v a l e n t  m e t a l  ions 1-4. Moreover ,  m e t a l  ions  of ten  
p l a y  a n  i m p o r t a n t  role in  r egu la t i on  of e n z y m e  syn thes i s  
a n d  a c t i v i t y  in  v ivo  5. I t  is, however ,  genera l ly  di f f icul t  to  
achieve,  a n d  exac t ly  to  reproduce ,  c o n s t a n t  levels of free 
m e t a l  ion c o n c e n t r a t i o n s  of less t h a n  a b o u t  10 a M  in a 
t e s t  m e d i u m ,  i m p u r i t i e s  in  t he  r eagen t s  o f t en  resu l t  in  all 
u n c o n t r o l l e d  level  of d i v a l e n t  m e t a l  ions. Meta l  ions m a y  
be  che la ted  b y  va r ious  c o m p o n e n t s  of a m e d i u m ,  such  as 
buf fe r  c o m p o u n d s  (e.g. h is t id ine) ,  S H - c o m p o u n d s  (e.g. 
cysteine,  g lu ta th ione) ,  s n b s t r a t e s  (e.g. ATP)  a n d  pa r t i cu l  - 
a r ly  p ro t e in s  8. 

Tile use of m e t a l  ion buffers ,  especial ly  Ca~+-ion buffers ,  
to  c i r c u m v e n t  these  diff icul t ies  was  p roposed  b y  m a n y  
a u t h o r s  (e.g. Refsd  a n d  s). I t  h a s  b e e n  recognized  7-1~ 
however ,  t h a t  t i le app l i ca t i on  of m e t a l  ion buffers  poses 
some o the r  p roblems ,  since m o s t  of t he  che la t ing  agen t s  
of t he  p o l y a m i n o c a r b o x y l a t e  t y p e  show cons iderab le  
p r o t o n a t i o n .  

A d d i t i o n  of a second d i v a l e n t  m e t a l  ion, wh ich  com- 
pe tes  w i t h  p ro tons  a n d  t h e  p r i m a r y  m e t a l  ion Me~+, m a y  
lessen th i s  p H - d e p e n d e n c e .  The  app l i c a t i on  of t h i s  t y p e  
of buf fe r  p rov ides  a n  a d v a n t a g e  for all  inves t iga t iOns  
wh ich  requi re  a c o n s t a n t  level  of t he  p r i m a r y  ion over  a 
wide p H -  range,  e.g. for k ine t ic  s tud ies  on  t i le  p H -  


