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Fig.  2. - Gonf l emen t  d ' u n  g r anu l e  ~ l ' ex t r~mi t6  d ' u n  f i l amen t  
m~taterminal, qui va disparaitre. M~me grossissement. 

a p p a r e i l  m 6 t a t e r m i n a l  d a n s  le t i ssu  f i b r e u x  de la dure-  
m~re,  que  les g r anu l e s  gonfl6s ou les ronde l les .  C o m m e  
ces d6br i s  p e r s i s t e n t  u n  c e r t a i n  t e m p s ,  ils f o r m e n t  en  
q u e l q n e s  p o i n t s  de  p e t i t s  a reas  f o r t e m e n t  t e i n t 6 s  p a r  le 
d 6 p 6 t  d ' a r g e n t .  

Les f i l a m e n t s  m 6 t a t e r m i n a u x  s o n t  t o u t  ~ fa i t  corn- 
p a r a b l e s  a u x  co l la t6ra les  t r a n s i t o i r e s  que  G. LEVI et  
H.  M E Y E R  1, J .  FABRE e t  H.  MI~GEVAND 2, pu is  C .C .  
SrZlDEL 3 o n t  observ~es  d a n s  les c u l t u r e s  de  t i s su  n e r v e u x  
ou b i en  lors du  d S v e l o p p e m e n t  de  ner f s  m o t e u r s  ou 
sensi t i fs .  L ' 6 m i s s i o n  de  ces m i n c e s  p r o l o n g e m e n t s  cor- 
r e s p o n d  sans  d o u t e  5, des v a r i a t i o n s  b r u s q u e s  e t  r6ver -  
s ibles  de  la t e n s i o n  super f ic ie l le  des  f ib res  n e r v e u s e s  

Fig. 3. - Rondelles et granules laiss~s en place par des filamentS 
atrophi6s. Reeonstitution de l'appareil m6taterminal apr~s sa 

disparition. M~me grossissement. 

d u r a n t  l eur  c ro issance .  E n  ce qu i  c o n c e r n e  les t e r m i -  
n a i s o n s  sens i t i ves  de la du re -m~re  chez  le R a t ,  les modi -  
f i ca t ions  qu i  se p r o d u i s e n t  au  n i v e a u  du  b o u t o n  t e r -  
mina l ,  s e m b l e n t  soumises  "k une  success ion  de phases .  
Apr~s  leur  d i spa r i t i on ,  les f i l a m e n t s  m 6 t a t e r m i n a u x  se 
r e c o n s t i t u e n t  e t  un  n o u v e a u  cycle  r e c o m m e n c e .  O n  v o l t  
a lors  ces f ins  p r o l o n g e m e n t s  s ' a l l onge r  en d i r e c t i o n  des  
ronde l l es  ou des  g r a n u l e s  laiss6s en p lace  p a r  les fila- 

1 G. LEVI e t  H .  MEYER, Arch .  de Biol. 52, 133 (1941). 
2 j .  FABRE et  H .  MI~GEVAND, C . R .  Soc. de  P h y s .  et  d ' H i s t .  

na t .  de Gen~ve 58, 79 (1941). 
3 C. C. SPEll)EL, J .  c o m p a r .  Neurol .  76, 57 (1942). 

m e n t s  p r6c6den ts .  I1 es t  poss ib le  que  ces v a r i a t i o n s  
cyc l iques  de  la s t r u c t u r e  des  t e r m i n a i s o n s  sens i t i ves  
d a n s  la d u r e - m ~ r e  so i en t  en  r a p p o r t  a v e c  des d i f f6rences  
p6 r iod iques  d a n s  la n a t u r e  des s e n s a t i o n s  qu 'e l l es  
t r a n s m e t t e n t .  A. \VEBER 

L a b o r a t o i r e  de neuro -h i s to log ie ,  I n s t i t u t  d ' a n a t o m i e  
de Genbve ,  le 29 j u i n  1948. 

Summary  

All s en s o ry  e n d i n g s  of t h e  t r i g e m i n a l  n e r v e  in t h e  
d u r a  m a t e r  of t h e  r a t  are  f o r m e d  b y  a sma l l  swell ing,  
f rom w h i c h  c o n t i n u e s  t h e  metaterminal apparatus, f ine 
f i l a m e n t s  a t  t h e  l im i t  of v i s ib i l i ty .  Pe r i o d i ca l l y  t h e  f ine 
g r anu l e s  a t  t h e  e x t r e m i t y  of t h e  f i l a m e n t s  swell,  w h e r e a s  
t h e  f ibr i ls  t h e m s e l v e s  d i s appea r ,  l e a v i n g  a smal l ,  r o u n d ,  
a r g e n t o p h i l  mass .  L a t e r  t h e  f i l a m e n t s  r e a p p e a r ,  t h e n  
r edepos i t  t h e i r  debr is ,  w h i c h  pers i s t s  for a t ime .  

T h u s  t h e  m e t a t e r m i n a l  a p p a r a t u s  m a n i f e s t s  cycl ic  
v a r i a t i o n s ,  w h i c h  recal l  t h e  t r a n s i t o r y  ex i s t ence  of 
co l l a te ra l s  o b s e r v e d  d u r i n g  in vivo or in vitro deve lop -  
m e n t  of n e r v e  f ibres.  

Nitrogen Fixing Microorganisms in the 
Alimentary Canal of Herbivorous Farm Animals 

I t  is gene ra l ly  k n o w n  t h a t  r u m i n a n t s  are  ab le  to  l ive  
for a long  t i m e  on  a d ie t  excess ive  in c a r b o h y d r a t e  b u t  
de f i c i en t  in n i t r o g e n  c o m p o u n d s .  T h e  d a t a  f o u n d  in t h e  
l i t e r a t u r e  i n d i c a t e  t h a t  t h e  da i ly  m i n i m a l  phys io log ica l  
n i t r o g e n  r e q u i r e m e n t  is a b o u t  10 g pe r  100 kg  of l iv ing  
weigh t .  Bu t ,  in m a n y  cases,  t h e  a m o u n t  of n i t r o g e n  los t  
da i ly  in  fmces a n d  u r i n e  is o f t en  g r e a t e r  t h a n  t h a t  
c o n t a i n e d  in t h e  fodder .  T h i s  i n d i c a t e s  t h a t  n i t r o g e n  of 
t h e  a i r  p r o b a b l y  e n t e r s  i n to  t h e  m e t a b o l i s m  of r u m i n a n t s  
in  t h e  s a m e  w ay  as in insec t s  l iv ing  on  a d ie t  poo r  in 
p r o t e i n s ;  t h a t  is, t h r o u g h  s y m b i o t i c  bac t e r i a .  

N i t r o g e n  f ix ing  b a c t e r i a  m a v  be  f o u n d  in t h e  r u m e n  
of r u m i n a n t s  a n d  in t h e  c~ecum of Equida?.  To t e s t  t h i s  
poss ib i l i ty ,  s l a n t  a g a r  t u b e s  c o n t a i n i n g  

0.5 % glucose  
0.2 % succ in ic  ac id  
0.5 % NaC1 
0 .1% CaCO.~ 
0 .1% MgSO~.7H20 
0.07 % K 2 H P O  4 
0.3 % K H 2 P O  4 
0-05 % CaC12 
0 .01% M n S O t  
0 .0001% NaM00~2H~O 
2.0 % a g a r - a g a r  

N%CO a (to PH 8.0) 
s te r i le  t a p w a t e r ,  

were  i n o c u l a t e d  w i t h  m a t e r i a l  t a k e n  f rom h e a l t h y  
a n i m a l s  (cows, sheep,  horses)  u n d e r  s ter i le  cond i t ions .  
Tes t s  r e v e a l e d  t h a t  t h e  c u l t u r e s  c o n t a i n e d  m a n y  s t r a i n s  
of n i t r o g e  n f ix ing  bac te r i a .  24 h o u r s  a f t e r  i n o c u l a t i o n ,  
v i g o r o u s  s t r a i n s  a p p e a r  as n u m e r o u s  smal l  (1 m m  d ia -  
m e t e r )  colonies.  D e v e l o p m e n t  p roceeds  r a p i d l y ;  w i t h i n  
5 -6  d a y s  (30°C) t h e  whole  sur face  of t h e  a g a r  s l a n t  is 
c o v e r e d  w i t h  a g e l a t i n o u s  mass  of bac t e r i a .  

T h e  c a p a c i t y  of t h e  b a c t e r i a  to  fix n i t r o g e n  on  a 
n i t r o g e n - f r e e  c u l t u r e  m e d i u m  does n o t  d i m i n i s h  a f t e r  a 
ser ies  of i n o c u l a t i o n s .  I n  t e s t i n g  t h e  n i t r o g e n  f i x a t i o n  of 
t he se  b a c t e r i a  t h e  c u l t u r e  m e d i u m  m e n t i o n e d  a b o v e  
was  used,  on ly  t h e  a m o u n t  of a g a r  was  O.05 % a n d  t h e  
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g lucose  c o n c e n t r a t i o n  0-2 %. S o m e  of t h i s  c u l t u r e  l i qu id  
w a s  a d d e d  to  t h e  a g a r  s l a n t  t u b e s .  T h e  b a c t e r i a l  coa t  
was  f i r s t  l i f ted  off a n d  m i x e d  w i t h  c u l t u r e  l iqu id ,  a n d  
t h e n  t h e  s o l u t i o n  was  p o u r e d  i n t o  a n  E r l e n m e y e r  f lask.  
A f t e r  v i g o r o u s  s h a k i n g  a u n i f o r m a l l y  d i s t r i b u t e d  
s u s p e n s i o n  is o b t a i n e d .  T h i s  s u s p e n s i o n  is used  to  
i n o c u l a t e  t h e  l i qu id  c u l t u r e  m e d i a  of 125 m l  E r l e n m e y e r  
f lasks  (in e a c h  50 mt  c u l t u r e  l i qu id  + 2 ml  suspens ion ) .  
E v e r y  d a y  t h r e e  of t h e s e  f lasks  a re  a n a l y s e d  for  t o t a l  
n i t r o g e n  b y  t h e  PARNAS-WAGNER m i c r o - K j e l d a h l  
m e t h o d .  T h e  a n a l y s e s  f u r n i s h  t h e  fo l lowing d a t a  in  
r e spec t  to  t h e  n i t r o g e n  f ix ing  capac i t i e s  of t h e  d i f f e r e n t  
s t r a i n s  : 

Table I 

Amount of nitrogen in 100 ml suspension of different strains of 
nitrogen fixing bacteria of cows, sheep, and horses 

Day 
of 

experi- 
ment  

Star t  
1st day 
2nd day 
3rd day 
4th  day 
5th day 
7th day 

10th day 
14th day 
20th day 

nag N in 1O0 ml liquid culture nledium inoculated 
with bacteria of the: 

Horse 

1.1. 

Cow 

V.f. [ 

0.19 
0-27 
0'40 
0-42 
0.45 
0.55 
0.65 
0.95 
1.18 
1.10 

Sheep 

I.e. I I.e. 

0'16 0.16 
0"16 0,19 
0.19 0.23 
0,27 0.30 
0.28 0.32 
0"38 0.38 
0.56 0.67 
0'63 0'71 
1.14 1.13 
1'11 1.22 

I.d. VI. f. 

0.20 0-18 0.17 
0.29 0.25 0,22 
0.38 0-28 0.35 
0.40 0.33 0.54 
0.39 0.35 0.55 
0.38 0.35 0.59 
0-39 0.30 0.77 
0-39 0.55 0'79 
0.37 0.76 0.94 
0.40 0.84 0,75 

T h e  g iven  d a t a  a re  a v e r a g e  v a l u e s  of 3 s amples .  T h e  
d i f f e rences  b e t w e e n  t h e s e  3 v a l u e s  a re  s t a t i s t i c a l l y  
i n s ign i f i c an t .  T h e  inc rease  in  n i t r o g e n  is. m o s t  r e m a r k -  
a b l e ;  t h i s  a g a i n  shows  t h a t  t h r o u g h  t h e s e  b a c t e r i a  
n i t r o g e n  of t h e  a i r  c a n  e n t e r  i n t o  t h e  m e t a b o l i s m  of  o u r  
f a r m  a n i m a l s .  B u t  t h e  d a t a  also show t h a t  t h e r e  a re  
g r e a t  d i f f e rences  in  r e g a r d  t o  n i t r o g e n  f ix ing  a b i l i t y  
b e t w e e n  t h e  d i f f e r e n t  s t r a i n s  of b a c t e r i a  e v e n  w i t h i n  t h e  
s a m e  a n i m a l  (for i n s t a n c e  cow I.  d. a n d  cow V. f.). 

W i t h  r e g a r d  to  t h e  n u t r i e n t  so lu t ion ,  t h e  q u e s t i o n  is 
r a i s ed  w h e t h e r  succ in ic  ac id  or  g lucose  or  b o t h  of t h e m  
a re  i n d i s p e n s a b l e  for  n i t r o g e n  f ixa t ion .  E x p e r i m e n t s  in  
t h i s  l ine  show t h a t  e a c h  of t h e s e  s u b s t a n c e s  a l o n e  o r  
b o t h  t o g e t h e r  c an  ef fec t  n i t r o g e n  f ixa t ion .  Glucose  a lone  
is m o r e  e f f ic ien t  t h a n  succ in i c  ac id  a lone .  B u t  n o n e  of 
t h e m  e n a b l e s  such  v i g o r o u s  n i t r o g e n  f i x a t i o n  as do  b o t h  
t o g e t h e r .  

D u r i n g  t h e  p e r i o d  of f ixa t ion ,  t h e  PH v a l u e  o f t e n  
d rops ,  s o m e t i m e s  d o w n  t o  PH 4.5. A t  t h i s  degree  of 
a c i d i t y  n o  m o r e  n i t r o g e n  f i x a t i o n  can  t a k e  p lace ,  b u t  if 
t h e  o p t i m u m  v a l u e  (PH 8-0) is e x p e r i m e n t a l l y  r e e s t a b l i s h -  
ed, n i t r o g e n  f i x a t i o n  beg ins  aga in .  T h i s  is t h e  case  w i t h  
s t r a i n  H o r s e  1.1., w h e r e  t h e  PH v a l u e  d r o p p e d  f r o m  8.0 
t o  5-5 w i t h i n  four  days .  R e - e s t a b l i s h m e n t  of t h e  PH 
v a l u e  t o  PH 8.0 t h r o u g h  a d d i t i o n  of NaCO3 causes  
f i x a t i o n  to  b e c o m e  v i g o r o u s  a g a i n  a n d  r e su l t s  in  t h e  
m a x i m u m  a m o u n t  of n i t r o g e n  or 1.8 m g  pe r  100 ml  of 
c u l t u r e  l iquid ,  wh i l e  t h e  u n c h a r g e d  con t ro l s  r e m a i n  a t  
1.0 m g  pe r  100 ml .  

I t  is k n o w n  t h a t  n e w - b o r n  a n i m a l s  do n o t  possess  a n y  
i n t e s t i n a l  m i c r o - o r g a n i s m s .  T h e y  a c q u i r e  t h e m  w i t h  t i le  
f i r s t  l o t  of grass  or  hay ,  soi led b y  e x c r e m e n t ,  I f  t h i s  is 
so, t h e  s a m e  n i t r o g e n  f ix ing  b a c t e r i a  m a y  b e  f o u n d  in 
t h e  fmces too .  I ndeed ,  w i t h  t h e  m e t h o d  d e s c r i b e d  above ,  
t h e  c u l t i v a t i o n  of n i t r o g e n  f ix ing  b a c t e r i a  f rom cow 
e x c r e m e n t s  co l l ec ted  a t  t h e  m o m e n t  of d e f e c a t i o n  was  

successful .  T h i s  m a y  b e  a n  e x p l a n a t i o n  for  DARH'S I 
o b s e r v a t i o n ,  t h a t  " t h e  v a l u e  of f a r m y a r d  m a n u r e  (cow 
dung)  is d u e  n o t  o n l y  to  i t s  n i t r o g e n  c o n t e n t ,  b u t  a lso t o  
i t s  p o w e r  to  fix n i t r o g e n  of t h e  a i r " .  

U n t i l  r e c e n t l y  i t  was  c o n s i d e r e d  i m p o s s i b l e  t h a t  t h e  
m o l e c u l a r  n i t r o g e n  of  t h e  a t m o s p h e r e  cou ld  t a k e  a n y  
a c t i v e  p a r t  in  t h e  m e t a b o l i s m  of a n i m a l s .  T6TH, WOLSKY, 
a n d  BkTORI z were  t h e  f i r s t  t o  show t h a t  f i x a t i o n  of 
f r e e  n i t r o g e n  of t h e  a i r  occu r s  in  aph ides .  S ince  t h e n  
n i t r o g e n  f i x a t i o n  h a s  b e e n  f o u n d  in  m a n y  o t h e r  species  
of insec t s  c o n t a i n i n g  s y m b i o t i c  m i c r o - o r g a n i s m s  (T6TH3). 
O u r  e x p e r i m e n t s  show t h a t  t h e  f i x a t i o n  of n i t r o g e n  
b y  m e a n s  of m i c r o o r g a n i s m s  is n o t  l i m i t e d  to  insec t s  
b u t  ex i s t s  a lso in  f a r m  an ima l s .  

I am indebted to the Swedish Wenner-Gren Foundation for a 
grant which has fianced this work, g .  TdTH 

Microb io log ica l  I n s t i t u t e ,  U p p s a l a ,  Sweden ,  M a y  14, 
1948. 

Zusammen/assung 
1. Aus  s te r i l  e n t n o m m e n e m  I n h a l t  des  P a n s e n s  v o m  

R i n d ,  d e m  Schafe  u n d  des  Co lcums  des P f e rde s  k o n n -  
t e n  a u f  e i n e m  s t i cks to f f f r e i en  A g a r n ~ h r b o d e n  ve r -  
s c h i e d e n e  S t / i m m e  s t i c k s t o f f b i n d e n d e r  M i k r o o r g a n i s m e n  
g e z t i c h t e t  we rden .  2. I n  s t i cks to f f f r e i e r  N / i h r l 6 s u n g  ver -  
m S g e n  diese R o h k u l t u r e n  L u f t s t i c k s t o f f  in  ve r sch ie -  
d e n  s t a r k e m  MaBe zu b i n d e n .  3. Als  C-Quel le  e rwiesen  
s ich G lukose  u n d  B e r n s t e i n s S u r e  aIs gee ignet .  G lukose  
a l le in  e r g i b t  besse re  R e s u l t a t e  in  de r  S t i ck s to f f an re i -  
c h e r u n g  als B e r n s t e i n s / i u r e  al lein.  N o c h  besse r  a b e r  wir-  
k e n  be ide  S u b s t a n z e n  z u s a m m e n .  4. Bei  S t / i m m e n  m i t  
ausgep r f ig t e r  FAhigkei t ,  S t i c k s t o f f  zu b i n d e n ,  I~ll t  d e r  
P H - W e r t  de r  N / i h r l 6 s u n g  m a n c h m a l  so s t a r k  (bis 4,5), 
d a b  die S t i c k s t o f f b i n d u n g  a u f h 6 r t .  Be i  W i e d e r h e r s t e l -  
l u n g  de r  u r s p r t i n g l i e h e n  PH-VerhXl tn isse  (PH 8,0) s e t z t  
sie w i e d e r  ein.  5. Die  h 6 c h s t e n  W e r t e  de r  S t i c k s t o f f a n -  
r e i c h e r u n g  e r r e i c h t e n  1,8 m g  N p ro  100 ml  N X h r l 6 s u n g  
gegen f ibe r  e i n e m  A u s g a n g s w e r t  y o n  0,18 m g  N p ro  
100 ml.  6. ~ h n l i c h e  s t i c k s t o f f b i n d e n d e  IV[ikroorganismen 
k o n n t e n  eben fa l t s  au s  f r i sch  g e s a m m e l t e n  Fmces  des  
R i n d e s  gez f i ch t e t  werden .  

1 N. R. DARII, Nature 159, 65 (1947). 
L. TSTu, A. WOLSKV, and M. /3~.TORI, Z. vergl. Physiol..30, 67 

(1942). 
a L. TdTn, Monographs Natural Sciences, V, 1 (Budapest 1946). 

Q u e l q u e s  p r o p r i f t f s  b a s i q u e s  d e  l a  s t r e p t o m y c i n e  

A la  su i t e  des  r ~ s n l t a t s  de  S. COHEN 1 e t  des  n 6 t r e s  2 
re la t i f s  k Ia f o r m a t i o n  de  c o m p l e x e s  in so lub le s  e n t r e  la  
s t r e p t o m y c i n e  e t  tes ac ides  nuc l6 iques ,  n o u s  a v o n s  re-  
che r ch6  si ce n ' 6 t a i t  p a s  u n e  p r o p r i 6 t 6  g6n6ra le  de la  
bas i c i t 6  de  la  s t r e p t o m y c i n e  de d o n n e r  des  c o m p l e x e s  
inso lub les  avec  des  s u b s t a n c e s  o r g a n i q u e s  ~ p o i n t  iso61ec- 
t r i q u e  acide.  N o u s  a v o n s  a ins i  o b t e n u  de  ces c o m p l e x e s  
avec  t ' a c ide  t a n n i q u e ,  la  c6pha t ine ,  des  ac ides  gras  
t ongues  cha ines  (ol6ique, pa lmi t ique )3 .  

E n  ce qu i  c o n c e r n e  p lus  s p 6 c i a l e m e n t  les p h o s p h a t i d e s ,  
s i gna lons  t o u t  d ' a b o r d  que  nous  n ' a v o n s  pu  o b t e n i r  de 

1 S. COHEN, J. Biol. Chem. 168, 511 (1947). 
2 F. GRO5, g.  RYBAK, M. MACHEBgEuFet U. RAMBECH, C. R. Acad. 

Sci. 226, 1550 (1948). - F. GRos et/3. RYIIAK, Helv. ehim. acta (sous 
press@ 

a En ajoutant une solution de strcptomycine ~ des 6mulsions en 
eau distill6e ou m6me salve /t 90[oo d'aeide ol6ique ou palmitique 
amendes ~ PH 7,5-8, on constate la formation d'un pr6cipit6 trbs 
abondant qui flocule facilement et adhbre aux parois du tube. Avec 
l'oldate de sodium, la glucosamine-HC1, la trim6thylamine-HC1 ou 
encore CINH 4 donnent une tr~s importante pr6eipitation. 


