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The Free Amino Acid Pools of Two Aquatic Hyphomycetes 

T h o u g h  t h e  l i t e r a t u r e  on  b a c t e r i a l  a m i n o  acid  poo l s  is 
e x t e n s i v e ,  r e l a t i ve ly  few s t u d i e s  h a v e  b e e n  m a d e  for  fung i  
a n d  no  r e fe rence  h a s  b e e n  f o u n d  to  t h e  use  of cel lulose 
t h i n - l a y e r  c h r o m a t o g r a p h y  t e c h n i q u e s  in t h i s  r e s p e c t  
( s h o w n  b y  JONES a n d  HEATHCOTE I to  r e so lve  u n a m b i g -  
u o u s l y  u p  to  23 a m i n o  ac ids  on  1 c h r o m a t o g r a m ) .  

T w o  a q u a t i c  h y p h o m y c e t e s ,  H e l i s c u s  s u b m e r s u s  a n d  
T e t r a c l a d i u m  s e t i g e r u m  ( a b o u t  w h i c h  n o t h i n g  is k n o w n  
c o n c e r n i n g  t h e i r  free a m i n o  acid  pools) ,  were  g r o w n  in 
t h e  p r e s e n c e  of  a m m o n i u m  s u l p h a t e ,  L-g lu tamic  acid (a 
' k e y '  a m i n o  acid),  a n d  L- ty ros ine  (an  a m i n o  acid c o m -  
m o n l y  f o u n d  in leaf l i t t e r  - t h e i r  n a t u r a l  h a b i t a t )  as  sole 
n i t r o g e n  source .  

T h e  g r o w t h  m e d i u m  w a s  as  fo l lows:  glucose,  8 g; 
KH2PO~,  1.0 g; MgSO4, 7 H 2 0  , 0.2 g; FeC13 (Tech),  
0.02 g;  b io t in ,  5 / ,g ;  p a n t o t h e n i c  acid,  5 #g ;  d is t i l led  
w a t e r ,  I 1. T h e  p H  w a s  a d ) u s t e d  to  6.0. N i t r o g e n  sou rce s  
u sed  s e p a r a t e l y  we re :  g l u t a m i c  acid, 1.94 g; t y ros ine ,  
2.40 g;  or  a m m o n i u m  s u l p h a t e ,  0.88 g. 

C u l t u r e s  w e r e  i n o c u l a t e d  w i t h  2 d r o p s  of  h o m o g e n i z e d  
m y c e l i u n l  a n d  g r o w n  in 50 ml  of  m e d i u m  in 250 ml  conica l  
f lasks  on  a r o t a r y  s h a k e r  a t  23 °C. 

A m i n o  acid  a n a l y s i s :  A c c o r d i n g  to  BENT a n d  MORTON o 
t h e  a m i n o  acid  poo l s  of f ung i  d i f fer  w i t h  t h e  age  of  t h e  
m y c e l i u m ,  t h e r e f o r e  a n a l y s i s  of  t h e  free a m i n o  acid poo l s  
w a s  ca r r i ed  o u t  a t  2 s t age s  in g r o w t h ,  n a m e l y  6 a n d  13 
d a y s  f r o m  t h e  d a t e  of  i nocu l a t i on .  

M y c e l i u m  w a s  f i l te red  f r o m  t h e  m e d i u m  a n d  w a s  f o u n d  
to  d r y  r ead i l y  a t  60°C to  c o n s t a n t  we igh t .  F r e e  a m i n o  
ac ids  were  t h e n  e x t r a c t e d  b y  g r i n d i n g  0.5 g of  d r ied  
m y c e l i u m  w i t h  10 m l  of 7 0 %  e t h a n o l / w a t e r ,  r e p e a t e d  
twice ,  c e n t r i f u g e d  a n d  e v a p o r a t e d  t o  1 ml  in a r o t a r y  
e v a p o r a t o r .  

T h e  m e t h o d s  of  a n a l y s i s  we re :  (1) P a p e r  c h r o m a t o g -  
r a p h y ,  s o l v e n t s  : (a) (f i rs t  d i r ec t ion)  i s o p r o p a n o l - w a t e r - 0 . 8 8  
a m m o n i a  (7 : 2 : 1) ; (b) n - b u t a n o l - g l a c i a l  ace t ic  a c i d - w a t e r  
( 1 2 : 5 : 3 ) .  S h e e t s  were  loaded  w i t h  a 25 /d s a m p l e  a n d  
deve loped ,  a f t e r  r u n n i n g  a n d  d r y i n g ,  b y  c a d m i u m  nin-  
h y d r i n  s o l u t i o n  (ARTFIELD a n d  MORRIS3). (2) T h i n - l a y e r  
c h r o m a t o g r a p h y :  cel lulose p o w d e r ,  300 t* th ick ,  on  
20 × 20 c m  glass  p l a t e s  were  r u n  in (a) (f irst  d i r ec t ion)  
i s o p r o p a n o l - f o r m i c  a c i d - w a t e r  (40 :2 :  10) (YON ARX a n d  
NEHER4); (b) t e r t i a r y  b u t a n o l - m e t h y l  e t h y l  ke tone -0 .88  
a m m o n i a - w a t e r  (50: 3 0 : 1 0 : 1 0 )  (JONES a n d  HEATH- 
COTEX). P l a t e s  were  loaded  w i t h  25 l,i s a m p l e s ,  r u n  a n d  
d e v e l o p e d  u s i n g  n i n h y d r i n - c o l l i d i n e  r e a g e n t  (BRENNER 
a n d  NIEDERWlESERS). A n a l y s i s  for  s u l p h u r  a m i n o  ac ids  
w a s  p e r f o r m e d  u s i n g  n i t r o - p r u s s i d e  r e a g e n t  (SMITH% 

A m i n o  acid  i den t i f i c a t i on  w a s  ca r r i ed  o u t  u s i n g  Rf  
v a l u e s  c o m p a r e d  w i t h  t h e  t a b l e s  of  J o n E s  a n d  HEATH- 
COTE 1 a n d  HEATHCOTE a n d  WASHINGTON "/, t h e  use  of 
i n t e r n a l  a n d  e x t e r n a l  s t a n d a r d s ,  specif ic  s t a i n i n g  reac-  
t i o n s  a n d  c o m p a r i s o n  of  T.L.C.  w i t h  p a p e r  c h r o m a t o g -  
r a p h y .  
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Nitrogen source : Ammonium sulphate 

Organism T. setigerum H. submersus 

Glutanfic acid "l'yrosine 

T. setigerum H. submersus T. setigerum H. submersus 

Incubation time (days) 6 13 6 13 
Glutamic acid a a b 
Aspartic acid - - a a 
Alanine a - b - 
Serine a a a a 
Tyrosine a b b 
Phenytalanine - a - 
Leucine - a - 
Isoleueine - a - 
Arginine . . . .  
Lysine . . . .  
Histidene - - 
Proline . . . . .  
Hydroxyproline . . . .  
Tryptophane - - - 
Cysteine - - a a 
Cystine a - - a 
Methionine - - - 
Glycine . . . .  
Valine - - a a 
Threonine . . . .  
y-Amino butyric acid - - - 
~-Amino butyric acid . . . .  
Ethanolamine - - - 
Unknowns 2 none 2 3 

Total detected 3 (+ 2) 3 10 (~- 2) 7 (+ 3) 

6 13 6 13 6 13 6 [3 
a b a e a c b c 
a b a c - a a b 
a C a C a b c e 

a b h h - a a b 
a c a b d b c b 
- - a b - a a a 

- -  - -  a b - a a a 

- a b - -  a a a 

a c - - - b 
- - a a . . . .  
a b a b - - c c 
a c a c - b a b 
- -  b . . . . . .  

- -  ~ a a - - -  a R 

a a a b - -  a a b 

a a a a 

a b - a - - a - 

. . . . . . .  b b 
a a ~t a ~ a a a 

a b a e - a a a 
a b a b - - a 
. . . . . . .  a 

a a a a - a a 
2 3 3 3 none 2 1 1 

15 (+ 2) 16 (+ 3) 18 (+ 3) 19 (+ 3) 3 13 (+ 2) 17 (+ 1) 18 (~ 1) 

-, Not detected; a, present at less than 1/*mol amino acid/250 nag dry weight mycelium; b, present at approx. 1/,mol amino acid/250 mg 
dry weight mycelium; c, present at greater than 1/*tool amino acid/250 mg dry weight mycelium; d, an exceptionally high concentration 
of tyrosine. 



394 Specialia EXPERIENTIA 24/4 

T h e  re su l t s  c a n  be  expressed  s e m i - q u a n t i t a t i v e l y  b y  
c o m p a r i n g  spo t  size a n d  i n t e n s i t y  of s t a i n i n g  r eac t ions  
w i t h  s t a n d a r d  a m i n o  ac ids  wh ich  were  loaded  us ing  1 /zl 
a t  a c o n c e n t r a t i o n  of 0.05 m, d isso lved  in aqueous  
p ropan-2 -o l  (10% v/v) .  T h e  resu l t s  a re  expressed  as  less 
t h a n ,  equa l  to,  or g r ea t e r  t h a n  1 p m o l  a m i n o  ac id /250 m g  
d r y  we igh t  myce l ium.  

Results and discussion. T he  2 o rgan i sms  grew well  on  
all  n i t r ogen  sources,  e x c e p t  t h a t  T. setigerum grew poor ly  
on  t he  m e d i u m  c o n t a i n i n g  a m m o n i u m  su lpha te .  This  low 
yield m a y  h a v e  b e e n  i n d u c e d  b y  t h e  ac id i ty  of t h e  
m e d i u m  wh ich  fell to  p H  3. A m o n g s t  a r ange  of n i n h y d r i n  
r eac t ive  c o m p o u n d s  n o r m a l l y  found  in  fungi  (see Tab le )  
were  h y d r o x y p r o l i n e ,  e t h a n o l a m i n e  a n d  s - a m i n o  b u t y r i c  
acid,  w h i c h  h a v e  b e e n  r e p o r t e d  on ly  r a r e ly  (e.g. SIEGEL 
a n d  CROSSAN s, MURRAY a n d  ZSCHEILE 9, Ff0RST a n d  
WAGNER10). 

H y d r o x y p r o l i n e  is n o r m a l l y  t h o u g h t  to  be  fo rmed  f rom 
prol ine .  VOGEL a n d  BONNER 11 h a v e  s h o w n  t h a t  Neuro- 
spora der ives  p ro l ine  f rom g l u t a m a t e  a n d  i t  is t he re fo re  
n o t e w o r t h y  t h a t  T. setigerum c o n t a i n s  e x t r a c t a b l e  p ro l ine  
w h e n  g r o w n  for  6 days  w i th  g l u t a m i c  acid,  b u t  n o t  w i t h  
ty ros ine ,  as n i t r o g e n  source. O the rwise  t y r o s i n e  p r o v e d  
to  be  as good a n i t r o g e n  source  as g l u t a m i c  acid,  a n d  was  
f o u n d  to  s a t u r a t e  t he  pool  of T. setigerum a f t e r  6 days .  

T h r o u g h o u t  t h e  e x p e r i m e n t s  ty ros ine ,  n o r m a l l y  f o u n d  
a t  tow c o n c e n t r a t i o n s  in  fungi ,  was  a lways  p r e s e n t  in  
pool  q u a n t i t i e s  s imi la r  to  g l u t a m i c  ac id  a n d  m a y  b e  of 
m e t a b o l i c  i m p o r t a n c e .  T he  s imi la r  q u a n t i t i e s  of t y r o s i n e  
a n d  g l u t a m i c  acid r ecorded  a f t e r  on ly  6 days  m a y  sugges t  
a g l u t a m a t e / t y r o s i n e  t r a n s a m i n a s e  s y s t e m  s imi la r  to  t h a t  
r e p o r t e d  b y  FIELDMAN a n d  GUNSALUS 12 in Escherichia 
coli a n d  b y  AMES a n d  HORECHER 13 in Neurospora crassa. 

Alan ine  a n d  ser ine occur red  w i t h  g r e a t  r egu la r i ty .  I n  
fac t  T. setigerum in  t he  p resence  of a m m o n i u m  s u l p h a t e  
p r o d u c e d  b o t h  a l an ine  a n d  ser ine be[ore t h e  recognized  
' k e y '  a m i n o  acids  g l u t a m a t e  a n d  a s p a r t a t e .  E v i d e n c e  for 
t h e  b i o s y n t h e s i s  of ser ine  f rom a c a r b o h y d r a t e  p r ecu r so r  

h a s  been  repor ted ,  b u t  m o s t l y  in a n i m a l  t i ssue  (for 
references  see MEISTER 1~). 

The  sma l l  n u m b e r  of a m i n o  ac ids  d e t e c t e d  us ing  T. 
setigerum fed w i t h  a m m o n i u m  ion m a y  r e semble  t h e  
r e su l t s  of SIMONART a n d  CHOW 15, who  d e t e c t e d  few 
a m i n o  acids  a t  low p H  b u t  n o r m a l  pool  sizes a t  la rger  p H  
us ing  A spergillus oryzae 16 

Rdsumd. Les masses  c o m m u n e s  des amino -ac ides  l ibres  
chez  Tetracladium setigerum et  Heliscus submersus o n t  6t6 
ana lys6es  p a r  des m 6 t h o d e s  c h r o m a t o g r a p h i q u e s  u t i l i s a n t  
une  couche  mince  de cellulose. El les  s o n t  t y p i q u e s  p o u r  
la p l u p a r t  des  mycbtes .  Les  anaino-acides  t ibres  n ' a p -  
p a r a i s s a n t  que  r a r e m e n t  o n t  6t6: l ' h y d r o x y p r o l i n e  chez  
T. setigerum cu l t iv6  sur  de  l ' ac ide  g l u t a m i q u e ,  l ' 6 thanoI -  
a m i n e  chez  T. setigerum e t  H. submersus cul t iv6  sur  l ' ac ide  
g l u t a m i q u e  e t  enf in  l ' ac ide  c¢-aminobutyr ique  chez  H.  
submersus avec  c o m m e  n u t r i t i o n  la ty ros ine .  
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T h e  D i s t r i b u t i o n ,  N a v i g a t i o n  and O r i e n t a t i o n  b y  the  Sun of Delphinus delphis L. in the  W e s t e r n  
M e d i t e r r a n e a n  1 

T h e  d i s t r i b u t i o n  of t h e  M e d i t e r r a n e a n  do lph in ,  Del- 
phinus delphis Lin.  (F igure  1) h a s  n o t  ye t  b e e n  inves t i -  
ga ted .  I f  a sh ip  leaves  t h e  Gul f  of L y o n  w i t h  a course  to  
t h e  wes t  a long  t h e  Span i s h  coast ,  schools  of do lph ins  are  
seen on ly  occas ional ly .  T h e y  are  se ldom seen b e t w e e n  
Capo de la Nao  a n d  Capo de Palos.  However ,  in t he  B a y  
of A lmer i a  off t h e  Capo de Ga ta ,  t he  schools  increase  in 
n u m b e r  un t i l  in  t he  w a t e r s  off Ma laga  t h e y  are  numerous .  
B e t w e e n  Malaga  a n d  G i b r a l t a r  t h e y  are  m o s t  f r equen t .  
I n  t he  S t r a i t s  of G i b r a l t a r  in  A u g u s t  1966 a n d  J u l y  1967 
we saw n u m e r o u s  schools  n o t  on ly  of D. delphis b u t  also 
of Stenella styx G r a y  ( E u p h r o s i n e  Dolph in ) .  W e  also en-  
c o u n t e r e d  polyspecif ic  schools  of these  2 species. D. delphis 
are  o f t en  seen a long  t h e  coas t  of Morocco (ALONCLE2). 
W e  h a v e  p r o v e d  b y  b i o m e t r i c  i n v e s t i g a t i o n s  t h a t  t h e  
A t l a n t i c  a n i m a l s  are  l a rger  t h a n  those  found  in t h e  
M e d i t e r r a n e a n ,  so t h a t  we are  lead to  be l ieve  t h a t  t h e r e  
are  2 fo rms  of t h e  s ame  species w h i c h  do n o t  cross t h e  
S t r a i t s  in to  each  o t h e r ' s  t e r r i t o ry .  

T h e  cons i s t ency  of t he  a p p e a r a n c e  of t he  schools  of 
D. delphis a lways  in t h e  s a m e  region  leads  us to  be l ieve  
t h a t  t h e y  are  conf ined  in t h e  w e s t e r n  M e d i t e r r a n e a n  to  a 
c e r t a i n  t e r r i t o ry .  Because  t he  exped i t i ons  h a v e  a lways  
t a k e n  p lace  in t h e  s u m m e r  m o n t h s ,  we are  u n a b l e  to  say  
w h e t h e r  or n o t  t h e  t e r r i t o r y  is t h e  same  t h r o u g h o u t  t h e  
whole  year ,  or if t h e  p o p u l a t i o n  of t h e  t e r r i t o r y  var ies  
f rom one season  to  ano the r .  

I n  J u l y  a n d  Augus t ,  m o s t  of t h e  schools  inc lude  ca lves  
a n d  n o n e  of t h e  h a r p o o n e d  females  were  p r e g n a n t .  No 
pa i r i ng  b e h a v i o u r  was  seen  in  J u l y  1967 b u t  v e r y  o f t en  
in  A u g u s t  1966, so t h a t  we p r e s u m e  t h a t  m a t i n g  t akes  
p lace  in S e p t e m b e r  or  Oc tober .  
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