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P R O  E X P E R I M E N T I S  

G r o w t h  of  H e m o l y t i c  S t r e p t o c o c c i  in  V i t a m i n  
F r e e  M e d i u m  1 

Streptococcus pyogenes bypasses  i t s  e igh t  specia l  n u t r i -  
t i o n a l  essent ia l s  b y  conve r s ion  to  t h e  L fo rm in v i t a m i n  
free m e d i u m .  Th i s  p a r a d o x i c a l  g r o w t h  h a s  seve ra l  in t e r -  
e s t ing  aspects .  B y  ana logy ,  one  can  specu l a t e  t h a t  
o r g a n i s m s  w i t h  n u t r i t i o n a l  complex i t i e s  a l m o s t  p r e c l u d i n g  
t h e i r  cu l t u r e  m a y  be  e x p e c t e d  to  grow r a p i d l y  in  t h e  L 
cycle. I n  t h i s  r e spec t  i t  is p e r t i n e n t  t h a t  Mycobacterium 
tuberculosis deve lops  in 24 h in  t he  L forme.  A d m i t t e d l y ,  
specif ic  i den t i f i c a t i on  of s u c h  g r o w t h  m a y  be  diff icul t .  
Howeve r ,  if t h e  o r g a n i s m  is a n t i c i p a t e d ,  i den t i f i c a t i on  
m a y  be  m a d e  w i t h  a p p r o p r i a t e  a n t i s e r u m ,  p e r h a p s  w i t h  
f luorescen t  label ing.  

Cu l tu re  of f as t id ious  b a c t e r i a  on  n e u t r a l i t e  free m e d i u m  
also increases  t h e  scope of bac t e r i a l  phys io logy .  G r o w t h  
r e q u i r e m e n t s  m u s t  be  d e t e r m i n e d  for  b o t h  t h e  c lass ical  
s t age  a n d  i t s  L form.  F o r t u n a t e l y ,  r e q u i r e m e n t s  for  L fo rm 
d e v e l o p m e n t  a re  s imi la r  for  wide ly  d i f f e ren t  genera .  Thus ,  
a m e d i u m  or ig ina l ly  dev i sed  for  t h e  L fo rm Of Proteus sp. 3 
will also s u p p o r t  t h e  L fo rm of o t h e r  Enterobacteriaceae 4, 
of Staphylococcus aureus 5, Mycobacterium sp. 3, a n d  Can- 
dida sp. e. Th i s  de f ined  m e d i u m  is t h e  s u b j e c t  of t h i s  paper .  

T h e  m e d i u m  is a m o d i f i c a t i o n  of one  desc r ibed  b y  
MEDILL a n d  O'KANE ~. I t  cons i s t s  of 0 .1% dex t rose ,  
10 .0% sucrose,  0 .8% Nob le ' s  a g a r  (Difco), 2 .0% sod ium 
lac ta t e ,  0 .9% K , H P O  4, 0 .2% salts ,  0 .5% v i t a m i n  free 
c a s a m i n o  acids.  The  sa l t  m i x t u r e  c o n t a i n s :  MgSO,  • 7 H 2 0  
40 g;  NaC1 2 g;  F e S O 4 - 7 H ~ O  2 g;  M n S O  4.  4 H 2 0  8 g. 
T h e  sa l t s  were  h o m o g e n i z e d  b y  t r i t n r a t i o n .  D o u b l e  
s t r e n g t h  a g a r  was  a u t o c l a v e d  sepa ra te ly .  All o t h e r  in-  
g red ien t s  were  mixed ,  p u t  in  so lu t ion  in doub le  s t r e n g t h  
a n d  f i l ter  s ter i l ized.  

Th i s  de f ined  m e d i u m  can  be  o b t a i n e d  commerc ia l ly ,  
p a c k e d  as  a s ter i le  so lu t ion  w h i c h  requ i res  on ly  t h e  
a d d i t i o n  of f resh ly  a u t o c l a v e d  doub le  s t r e n g t h  a g a r  a n d  
sucrose.  

S t rep tococc i  grew in t h e  L fo rm in t h e  def ined  m e d i u m  
w i t h o u t  b a c t e r i o s t a t i c  agents .  T h e  ab i l i t y  to  fo rm L 
colonies  in  t h i s  m e d i u m  a p p e a r e d  cha rac t e r i s t i c  of s t r e p t o -  
cocci in  general ,  s ince n o n e  of t h e  s even  s t r a i n s  were  
re f rac to ry .  T h e  L fo rm seems as  n a t u r a l  as  t he  c lass ical  
s tage  a n d  will deve lop  e v e n  w i t h  s imple  n u t r i t i o n ,  if t ox ic  
a g a r  a n d  o t h e r  i ng red i en t s  w h i c h  i n h i b i t  t he  L fo rm are  
avo ided .  

Six of t h e  s t r ep tococca l  s t r a i n s  be longed  to  G r o u p  A;  
one  was  Streptococcus [aecalis. To p r e p a r e  t h e  i n o c u l u m  
o r g a n i s m s  f r o m  a n  18 h cu l t u r e  in  t r y p t o s e  p h o s p h a t e  
b r o t h  were w a s h e d  t h r e e  t i m e s  a n d  d i lu t ed  in sa l ine  before  
s t a n d a r d i z e d  n u m b e r s  were  cu t  in to  t h e  sur face  of t he  sof t  
a g a r  p la tes .  

T h e  m o r p h o l o g y  of t h e  L g r o w t h  is s h o w n  in  t h e  ac- 
c o m p a n y i n g  mic rog raph .  T h e  e l e m e n t s  of a co lony  b r e a k  
a p a r t  w i t h  s l igh t  d i s t u r b a n c e ,  neces s i t a t i ng  t h a t  p h o t o -  
g r a p h s  of colonies be  m a d e  in situ. The  a reas  w h i c h  are  in  
focus show the  mu l t ip l e  b r a n c h i n g  w h i c h  was s imi la r  for 
al l  t h e  s t r a i n s  of s t reptococci .  R e p e a t e d  e x a m i n a t i o n s  of 
colonies  in  t h i n  p r e p a r a t i o n s  r evea l ed  n o  class ical  s t r ep to -  
cocca l  forms.  T h e  ease w i t h  w h i c h  s e g m e n t s  of L g r o w t h  
s e p a r a t e  sugges ts  t h a t  t he  s u b s t a n c e s  respons ib le  for 
coccal  a l i g n m e n t  in  s t rep tococc i  a n d  t h e  cell wal l  i tself  
are  de f ic ien t  in  t h e  v a r i a n t .  The  colonia l  g r o w t h  was  con-  
s i s t e n t l y  a b o u t  0.5 m m  subsu r f ace  desp i t e  a n a e r o b i c  in-  
c u b a t i o n  of t h e  cu l tu res .  T h u s  i t  a p p e a r s  t h a t  lowered  
o x y g e n  t e n s i o n  is cr i t ical .  Microscopic  L forms  were  

Filamentous branching growth of the L stage oIfl-hemolytic Strepto- 
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p r e s e n t  a f t e r  24 h i n c u b a t i o n  a t  37°C; macroscop ic  
c loudiness  a long  t h e  l ine of s t r e a k  was  v is ib le  a f t e r  f u r t h e r  
i n c u b a t i o n .  

Th i s  m i c r o g r a p h  is r e m a r k a b l y  s imi la r  to  one of s t r ep to -  
coccal  L fo rms  b y  PANOS a n d  BARKULIS 7 e x c e p t  for  
ab s en ce  of la rge  bod ies  w h i c h  t y p i c a l l y  r e su l t  f r om h i g h  
c o n c e n t r a t i o n s  of penici l l in .  P r e v i o u s  s tud ies  o n  th i s  genus  
h a v e  usua l ly  e m p l o y e d  penic i l l in  in  a c o n c e n t r a t i o n  of 
1000 u n i t s / m l  or  more ,  fo l lowing t h e  or ig ina l  o b s e r v a t i o n  
Of DIENES a n d  SHARP s. 

R e v e r s i o n  of t h e  L f i l a m e n t s  to  cocci occur red  in  t wo  
of t h e  G r o u p  A a n d  in  t h e  G r o u p  D s t r ep tococca l  s t r a i n s  
24 h a f t e r  s u b c u l t u r e  to  t r y p t o s e  a g a r  en r i ched  w i t h  sheep  
blood.  No r eve r s ion  occur red  for  t h e  o t h e r  four  s t ra ins .  

T h e  c o n c e p t  t h a t  L f o r m a t i o n  is n o r m a l  does  n o t  
c o n t r a d i c t  t h e  ev idence  t h a t  L fo rms  c a n  be  a r t i f ic ia l ly  
s t i m u l a t e d  in  m e d i a  u sua l ly  devo id  of t h e m ,  w h e n  
penic i l l in  i n t e r r u p t s  cell wal l  syn thes i s .  I t  h a s  b e e n  s h o w n  
for  G r o u p  A s t rep tococci ,  for i n s t ance  t h a t  t h e  s tage  
i n d u ced  b y  penic i l l in  lacks  r h a m n o s e  a n d  h e x o s a m i n e  9, 
c o n s t i t u t i n g  a n  e x p l a n a t i o n  for  t h e  lack  of r ig id i ty  of t he  
wall .  

T h e  m e d i u m  desc r ibed  in  t h i s  p a p e r  h a s  also p r o v e d  
useful  for  r ecove r ing  s t r ep tococc i  in vivo. A p a t i e n t  w i t h  
s u b a c u t e  b a c t e r i a l  en d o ca rd i t i s  d id  n o t  r e s p o n d  to  h e a v y  
dosage of penici l l in .  Mening i t i s  deve loped  as a compl i -  
ca t ion ,  w i t h  a sp ina l  f luid cell c o u n t  of 4000 /cm 3. R e p e a t e d  
cu l tu re s  of b lood  a n d  of sp ina l  f lu id  r e su l t ed  in  no  g ro w t h .  
T h e  de f ined  m e d i u m  was  t es ted ,  w i t h  t h e  a g a r  c o n t e n t  
lowered to  0 .1%.  Horse  s e r u m  (2.0%) was  a d d e d  to  e n r i c h  
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t h e  sp ina l  f lu id  cu l tu re .  I n  24 h b o t h  cu l tu re s  c o n t a i n e d  
n u m e r o u s  spherop las t s ,  a few s t r ep tococc i  a n d  h i g h l y  pleo- 
m o r p h i c  cocci. W h e n  t r a n s f e r r e d  to  b lood  a g a r  t h e  colonies  
were  p r e d o m i n a t e l y  t i n y  a n d  t h e  i n h i b i t i o n  zones  of a n t i -  
b io t i c  s ens i t i v i t y  t e s t s  were  r e a d  w i t h  a d i s sec t ing  micro-  
scope.  T h e  o r g a n i s m s  f rom blood a n d  sp ina l  f luid a p p e a r e d  
ident ica l ,  w i t h  on ly  a few t y p i c a l  e - hem o l y t i c  colonies  o n  
f i r s t  subcu l tu re ,  b u t  w i t h  g r o w t h  b e c o m i n g  en t i r e ly  
t yp i ca l  a f t e r  t h r ee  subcu l tu re s .  Af te r  r eve r s ion  t he  o rgan -  
i sms  e x h i b i t e d  t h e  same  g r o w t h  cha rac t e r i s t i c s  as t h e  
s t r ep tococc i  f rom cu l tu re s  before  t h e r a p y  was i n s t i t u t ed .  

W i t h  p r e s e n t  knowledge  i t  c a n n o t  be  s t a t e d  w h e t h e r  
t h e  s t r ep tococcus  ex i s ted  in  t he  p a t i e n t  in t h e  L s tage,  or  
w h e t h e r  g r o w t h  was  i n i t i a t e d  in  t he  L s tage  because  on ly  
a few o rgan i sms  were  in  t h e  spec imens .  I t  h a s  been  s h o w n  
w i t h  o t h e r  cocci t h a t  w h e n  t h e  i n o c u l u m  is m i n i m a l  
g r o w t h  m a y  be  of t h e  L t y p e  ~. 

VIGOUROUX a n d  HANNOUN 1° h a v e  f o u n d  L forms  in 
b lood  cu l tu re s  f rom s t r ep tococca l  e n d o c a r d i t i s  in  seve ra l  
in s t ances .  T h e y  h a v e ,  f u r t h e r m o r e ,  s h o w n  t h a t  t he  
s t r ep tococcus  can  a s s u m e  t he  L fo rm in vivo a n d  ha s  a n  
a f f in i ty  for  red  corpuscles .  I n  t h e i r  opinion,  MUL~:'S i t  

i n t r a e r y t h r o c y t i c  bod ies  of sca r l e t  fever  a n d  r h e u m a t i c  
fever  p r o b a b l y  r e p r e s e n t  s t r ep tococca l  L forms.  The  
assoc ia t ion  of s t r ep tococca l  L fo rms  w i t h  e r y t h r o c y t e s  was  
also o b s e r v e d  in ou r  cu l tu res .  

Zusammenfassung.  E s  wi rd  gezeigt ,  dass  die L -Form 
v e r s c h i e d e n e r  S t r e p t o k o k k e n  auf  e i n f a c h e m  v i t a m i n -  
f re iem N / t h r b o d e n  w a c h s e n  k a n n ,  dessen  genaue  Zu- 
s a m m e n s e t z u n g  u n d  H e r s t e l l u n g  be sch r i eben  wird.  Auf  
das  morpho log i s che  W a c h s t u m s v e r h a l t e n  de r  S t r ep to -  
k o k k e n k o l o n n e n  bei  B e n u t z u n g  de r  s y n t h e t i s c h e n  NAhr-  
b 6 d e n  wird  ausf f ihr l ich  e ingegangen .  
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D I S P U T A N D U M  

De l'opportunit~ de quelques ~quations 
diff~rentielles en vestibulom~trie 

C'es t  ~ j us te  t i t r e  que  le l a b y r i n t h e  a 6t6 a ins i  d 6 n o m m 6  
p a r  les a n a t o m i s t e s  d ' au t re fo i s .  Les  phys io log i s tes  apr6s  
eux  en  o n t  cherch$  le fil d ' A r i a n e :  ils s ' a c c o r d e n t  tous  
r e c o n n a i t r e  les diff icul t$s  auxque l l e s  ils se h e u r t e n t  au  
cours  d ' u n e  tel le recherche .  Aussi,  est-ce avec  une  ce r t a ine  
s t u p 6 f a c t i o n  q n ' o n  a v u  les phys ic i ens  se m6ler  d ' u n  
p r o b l 6 m e  d6j~ si comptexe  e t  d o n t  les 616ments exp6ri -  
m e n t a u x  r e p r o d u c t i b l e s  s o n t  si peu  n o m b r e u x ;  ce t t e  
ca rence  de  donn$es  va l ab t e s  exp l ique  s ans  d o u t e  la  p ro-  
p e n s i o n  que  les disciples  de  DESCARTES o n t  man i f e s t6  5. 
l ' 6gard  de  l ' analogie .  

C ' e s t  e n  ef fe t  sous la Io rme  d ' u n e  s6du i san te  ana log ie  
p h y s i c o - m a t h 6 m a t i q u e  q u ' u n  th6or ic ien  h o l l a n d a i s  ~ a pr6- 
sent6  le f o n c t i o n n e m e n t  de la  cupu le  l a b y r i n t h i q u e ,  il y a 
que lques  ann6es .  Ce t te  ana log ie  n ' a v a i t  en  e l le -m~me r ien  
de r6pr6hens ib le  - car  c h a c u n  p e u t  c o m p a r e r  la  cupu le  
u n  pendu l e  de to r s ion  e t  r e l eve r  d a n s  u n  t r a i t 6  de p h y s i q u e  
c lass ique  les f o n d e m e n t s  m a t h 6 m a t i q u e s  jus t i f i ca t i f s  de sa  
compa ra i son .  N 6 a n m o i n s ,  ~ la  lumi~re  des  t r a v a u x  2-4 q u i  
p e r m e t t e n t  de  vo i r  in vivo le , d 6 p l a c e m e n t ,  cupu l a i r e  au  
cours  des  d i f f6 ren t s  m o u v e m e n t s  de  l ' a n i m a l ,  o n  h6s i te  
d ' e m b l 6 e  5. cons id6re r  la  cupu le  c o m m e  u n  pendule r6pon-  
d a n t  5. l ' 6 q u a t i o n :  

O ~ ' + x ~ " + A ~ "  = o 

(oh 0 r ep r6sen te  le m o m e n t  d ' i n e r t i e  de la  cupule ,  off zc 
r ep r6sen te  le m o m e n t  de  f r i c t i on /un i t~  de v i t .  angul . ,  
oh  A rep r6sen te  le m o m e n t  d i r ec t i onne l / un i t ~  d ' ang le ,  off 
les t ro i s  f ac t eu r s  ~ r e p r 6 s e n t e n t  r e s p e c t i v e m e n t  la d6via-  
t ion ,  la v i tesse  e t  l ' acc~Mrat ion  angu la i r e s  de l ' e n d o l y m p h e  
r e l a t i v e m e n t  5. celles d u  cr~ne).  

I1 y a 5, ceta  d e u x  r a i sons :  la  p r emie re  es t  qu ' i l  es t  
a c t u e l l e m e n t  imposs ib le  de  m e s u r e r  chez  l ' h o m m e  d'une 
mani~re directement reproductible les t ro i s  c o n s t a n t e s  e t  les 
t ro i s  f ac t eu r s  ci-dessus.  Ce t te  r a i son  suf f i ra i t  5. elte seule 5. 

r a y e r  d 6 f i n i t i v e m e n t  du  m o n d e  des ing6nieuses  c o n s t r u c -  
t i ons  u n e  tel le  6 q u a t i o n  di f f6rent ie l le ;  

la  seconde  r a i son  es t  fourn ie  p a r  le f a i t  que  les donn6es  
les p lus  c lass iques  s,~ auss i  b i en  que  tes p lus  r6cen tes  7 
d ' h i s to -phys io tog i e  sensoriel le  s ' a c c o r d e n t  5. m e t t r e  en  
6v idence  des p h 6 n o m ~ n e s  n o n  l in6aires  ou  mieux ,  n o n  
l i n 6 a i r e m e n t  a m o r t i s  d a n s  le t e m p s ;  Fun  des a r g u m e n t s  
les p lus  p 6 r e m p t o i r e s  r6side d a n s  le f a i t  que  l ' an i so t rop i e  
de la cupu le  lui conf~re des  propr i6 t6s  m 6 c a n i q u e s  diff6- 
r en t e s  selon les d i rec t ions .  

L ' 6 q u a t i o n  de GROEN se t r o u v e  a ins i  r6du i t e  5. de-  
m e u r e r  5. la r i gueu r  une  dquation d'dtat, sans  appl icabi l i t6 ,  
p a r  cons6quen t ,  p o u r  le c h e r c h e u r  ou  p o u r  le c l inicien,  l ' u n  
e t  l ' a u t r e  d e v a n t  a d m e t t r e  a p r io r i  ce p o s t u l a t  r e s t r e in t .  

Les  l a b y r i n t h o l o g i s t e s  h o l l a n d a i s  p o u r t a n t ,  sous  l ' im-  
pu l s ion  de  l '6cole d ' U t r e c h t ,  o n t  d6cid6 d ' 6 r ige r  le p o s t u l a t  
en  loi quasi -g6n6rale ,  l ' h y p o t h ~ s e  de  t r a v a i l  e n  p r e u v e :  le 
f ru i t  de  ce t t e  t r a n s f o r m a t i o n  a re~u le n o m  de  cupulo-  
m6t r i e  s,9. I1 a p p a r a i t  p o u r t a n t  ~ u n  e sp r i t  sc ien t i f ique  
r i g o u r e u x  q u ' u n  te l  soph i sme  ne  d e v r a i t  pas  8tre  possible  

n o t r e  6poque ;  il s emble  s u r t o u t  q u ' u n  te l  ar t i f ice  ne  
d e v r a i t  pas  p e r m e t t r e  la mise  en  d o u t e  des pr inc ipes  p h y -  
s iologiques les p lus  appuy6s  p a r  une  longue  exp6rience,  
tel le les lois d'EWALD e t  de BARANY (connue  sous le n o m  
de  2e loi d'EWALD) l° ,n,  la v a l e u r  du  seuil  n y s t a g m i q u e  
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