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The Free and Prote in  A m i n o  Ac ids  of Clavariopsis aquatica, de Wild 

The  morpho logy  of t h e  aqua t i c  H y p h o m y c e t e s  has  
been  descr ibed by  INGOLDI a n d  some of the i r  phys io logy  
b y  THORNTON ~ and  THORNTON and  F o x  s. T h e y  grow 
readi ly  in pu re  cul ture ,  are n o t  sub jec t  to  dense  sporula-  
t ion  or p igmen ta t ion ,  t he i r  phys io logy  appea r s  s imi lar  
to  m o s t  fungi  a n d  are  consequen t ly  conven ien t  o rgan i sms  
Ior t he  s t u d y  of genera l  Iungal  physio logy.  

R e c e n t l y  THORNTON and  M c E v o Y  4 have  deve loped  
i m p r o v e d  t echn iques  of free amino  acid  e x t r a c t i o n  whi l s t  
HEATHCOTE a n d  HOXVARTH 5 h a v e  pe r fec ted  m e t h o d s  of  
q u a n t i t a t i v e  analys is  of these  subs tances .  A more  accura te  
s t u d y  of t he  d i s t r ibu t ion  of  free and  p ro te in  amino  acids  
of t he  H y p h o m y c e t e s  and  o the r  fungi  would  fill a gap 
in ex is t ing  knowledge  and  it is w i th  th i s  m a t t e r  t h a t  
th i s  pape r  is concerned.  

Materials and methods. The g rowth  m e d i u m  and  cul- 
tu ra l  condi t ions  for  Clavariopsis aquatica were as de- 
scr ibed by  THORNTON and  F o x 3  Three  d i f fe ren t  n i t rogen  
sources were  used, a) L-glutamic acid, 1 g + aspar t i c  
acid, 1 g;  b) yeas t  ex t rac t ,  2 g ;  c) (NH4)2SO 4, 1 g; 
d) (NH4)~SO 4, 1 g + sod ium aceta te ,  3 g. 

The m y c e l i u m  was ha rves ted ,  washed ,  f reeze-dr ied and  
s to red  over  CaC1 v A m i n o  acids  were  e x t r a c t e d  f rom the  
myce l ium by  a modi f i ca t ion  of THORNTON and  McEvoY4:  
500 g of m y c e l i u m  were  ground  w i t h  10 ml  b u t a n o n e / 6 N  
tlC1 (10:1) for  1 0 m i n  and  t h e  s u p e r n a t a n t  col lected 
a f t e r  cent r i fuga t ion .  The res idue  was  washed  f irs t  w i t h  
bu tanone /HC1 and  t h e n  w i t h  water .  All wash ings  were  
col lected and  combined .  The  res idue  was  t h e n  a d d e d  to  
1 0 m l  boi l ing  w a t e r  for  1 0 m i n ,  cen t r i fuged  and  t h e  
res idue  washed  w i t h  boi l ing water .  All ex t r ac t s  and  
wash ings  were  c o m b ined  and  reduced  to  dryness .  DA- 
VIES * has  s ince shown  t h a t  th is  p rocedure  r emo v e s  
v i r tua l ly  all  n i n h y d r i n - ac t i ve  compounds .  Inso lub le  pro-  

rein res idue was  hydro lysed  by  a modi f ica t ion  of BENT 
and  MORTON'S v m e t h o d  and  the  h y d r o l y s a t e  r educed  to  
dryness .  All res idues  were  red isso lved  in 1 or  2 ml  65% 
e thanol .  

A modi f i ca t ion  of SMITH'S s m e t h o d  of desa l t ing  was  
found  t h e  m o s t  successful.  1 mt  e thanol ic  e x t r a c t  was  
reduced  to  dryness ,  us ing an air  s t ream,  a n d  the  c rude  
res idue was  t r e a t e d  w i t h  b u t a n o n e / 6 N  HC1 (10:1) in 
th ree  2 ml  a l iquots .  This  e x t r a c t  was  r educed  to  d ryness  
a n d  redisso lved  in 1 ml  65% e thanol .  No n i n h y d r i n  
a c t i v i t y  was  de t ec t ed  in t he  r e m a i n i n g  residue.  

Q u a n t i t a t i v e  c h r o m a t o g r a p h y  was  carr ied  ou t  on cel- 
lulose TLC, as descr ibed  by  HEATHCOTE a n d  HAWORTH 5. 
Free  amino  acid ex t r ac t s  were loaded a t  30 2 and  proteiI1 
amino  acids, which  did no t  need desal t ing,  a t  25 t .  

Results and discussion. 1. Free  a m i n o  acid pools.  Af te r  
13 days  g r o w t h  in med ia  a) and  b) t he  average  yie lds  
per  f lask were 84 mg and  114 mg respec t ive ly  b u t  only  
27 mg  in c). Such poor  g rowth  has  been  a t t r i b u t e d  to  
d i s rup t ion  of t h e  cy top lasmic  m e m b r a n e  by  low p H  by  
BENT and  MORTON° and /o r  cy top lasmic  b i n d i n g  sites1°. 
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Table I. Free amino acid pools detected in Clavariopsis aquatiea on Table II. % amino acid composition of mycelial hydrolysate from 
3 different media 3 different media 

Nitrogen source Aspartate] Yeast (NH)~S04 Nitrogen source Aspartate/ Yeast (NHI)2S04 
Glutamate extract Glutamate extract 

Total  amino acid 404.33 614.55 329.43 
present [zg]500 mg Total amino acid 164.06 248.28 136.15 
mycelium ~zg/mg mycelium 

Amino acid Percentage Amino acid Percentage 

Arginine 10.2 13.6 8.3 Arginine 5.8 3.8 5.3 
Lysine 5.4 6.9 3.2 Lysine 7.8 13.6 8.3 
Histidine 0.7 3.9 - Histidine 0.1 0.3 
Glycinc 2.5 2.0 2.2 Glycine 1.5 1,8 2.6 
Glutamate 24.7 13.6 1 9 . 4  Giutamate 14.7 i4.1 11.9 
Aspartate 5.6 5.9 6.9 Aspartate 22.2 16.2 17.1 
Serine 3.6 2.4 6.5 Serine 5.7 3.9 6.0 
Alanine 23.1 25.4 33.8 Atanine 10.6 10.3 11.8 
Proline 5.4 4.2 4.2 Proline 2.1 2.6 1.8 
Threonine 2.4 5.3 4.2 Threonine 2.6 1.0 2.8 
Valine 2.0 1,6 1.3 Valine 5.6 8.1 10.4 
Methionine 2.9 2.1 1.7 Metheonine 1.5 1.2 2.2 
Tyrosine 0.4 0.5 - Tyrosine 2.1 1.5 1.5 
Phenylalanine 3.2 2.9 2.9 Phenylanine 5.2 6.3 6.1 
Leucine 2.0 2.8 1.8 Leucine 10.8 11.6 9,9 
Isoleucine 1.7 2.1 1.5 Isolcucine 1.8 3.6 2.2 
~-Aminoaedipate 0.2 0.4 - ~-Aminoaedipate - - - 
Cysteic acid 0.8 0.7 - Cysteic acid - - - 
Cysteine 0.5 2.4 - Cysteine - - 
Glutamine 2.6 2.4 2.0 Glutamine - - - 
3 unknowns present present present 2 unknowns present present present 
Total 99.9% 101,1% 99.9% Total 100.1% 99.9% 99.9% 
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T h e  f ina l  a c i d i t y  was  p H  3, b u t  w h e n  m e d i u m  (d) was  
used, i nc lud ing  a buffer ,  no  increase  in  a m m o n i u m  ion  
u p t a k e  occurred ,  d id  n o t  s ign i f i can t ly  a f fec t  t h e  free 
a m i n o  acid pool  a n d  no  r e d u c t i o n  was  de t ec t ed  in t h e  
ex t r ace l lu l a r  a m i n o  acids  found  in t h e  m e d i u m .  I t  appea r s  
as if t h i s  species a t  l eas t  c an  w i t h s t a n d  low p H  va lues  
w i t h o u t  m a r k e d  in te r fe rence  w i t h  i t s  m e t a b o l i s m .  W h e n  
t h e  p e r c e n t a g e  compos i t i on  of t h e  free a m i n o  acid pools  
(Tab le  I) are  c o m p a r e d  t h e y  a re  f o u n d  to  o n l y  p a r t l y  
agree  w i t h  BENT a n d  MORTON" in  t h a t  t h e y  c h a n g e  in 
size b u t  no t  g rea t ly  in  c o m p o s i t i o n  in r e sponse  t o  d o w n -  
w a r d  p H  drif t .  T h e r e  is no  obv ious  r e l a t i o n s h i p  b e t w e e n  
t h e  free pools  of Clavariopsis, Penicillium 7, a n d  Mucor n, 
b u t  t h e r e  m a y  be  a r e l a t i o n s h i p  b e t w e e n  t h e  h i g h  con-  
c e n t r a t i o n  of a l an ine  a n d  lys ine  in Clavariopsis a n d  
Heliscus submersus ~ (bo th  are  a q u a t i c  H y p h o m y c e t e s )  
t h o u g h  CLOSE 12 sugges t s  l i t t l e  h o p e  of c lass i f ica t ion  of 
fung i  b y  free a m i n o  ac id  pool  compos i t ion .  

T h e  p r o p o r t i o n s  of p r o t e i n  a m i n o  ac ids  (Tab le  I I )  to  
free a m i n o  acids  shows  l i t t l e  r e l a t ionsh ip ,  especia l ly  
a spa r t i c  ac id  w h i c h  f r e q u e n t l y  occurs  in  low c o n c e n t r a -  
t ions  in  t h e  free pool  b u t  h i g h  in p r o t e i n  whi l s t  t h e  
reverse  is f r e q u e n t l y  t r u e  of a lan ine .  Th i s  is in  a g r e e m e n t  
w i t h  r e su l t s  for  yeas t s  aa Penicillium ~ a n d  Mucor n. 

Table III. Amino acid composition of bulk protein of Clavariopsis 
aquatica compared with 2 organisms of GC 25% 

Mycoplasma = Clavariopsisb Tetrahymena ~ 
mycoides a q u a t i c a  pyri/ormis 

% Guanine-cytosine 24.8 ? 25.0 
content of DNA 

Stable amino acids a Percentage amino acid composition 

Arginine 4.0 3.8 6.1 
Lysine 14.3 13.6 11.9 
Histidine 2.8 0.3 2.8 
Glutamate 15.7 14.1 17.6 
Aspartate 16.7 16.2 16.5 
Alardne 9.9 10.3 10.3 
Proline 5.4 2.6 5.1 
Valine 7.2 8.1 8.9 
Tyrosine 4.6 1.5 4.3 
Phenylalanine 5.6 6.3 6.0 
Leucine 12.1 11.6 11.7 

CHELTON et al. xS. b Results for medium ". c SUEOKA14 a For expla- 
nation of this term see CHELTON et al. ~5. 

2. P r o t e i n  a m i n o  acids.  T a b l e  I I  shows,  w i t h  few excep-  
t ions ,  good a g r e e m e n t  b e t w e e n  a l l  p e r c e n t a g e  va lues  of 
a m i n o  acids  of b u l k  p r o t e i n  of Clavariopsis regard less  of 
n i t r ogen  source  suppl ied .  Th i s  is in  a g r e e m e n t  w i t h  t h e  
f ind ings  of BENT a n d  MORTON ~ for  fungi  a n d  SUEOKA 14 
for va r ious  bac te r i a .  

SUEOKA 14 ha s  s h o w n  a r e l a t i onsh ip  b e t w e e n  percen-  
t age  compos i t i on  of guan ine - cy to s ine  (%GC)  in  D N A  
a n d  a m i n o  ac id  c o m p o s i t i o n  of b u l k  p ro t e in  for  bac te r i a .  
T h i s  was  f u r t h e r  ver i f ied  b y  CHELTON et  al.  x~. Accord ing  
to  SUEOKA 14, a pos i t i ve  co r r e l a t i on  ex i s t s  b e t w e e n  % G C  
a n d  % a lan ine ,  a rg in ine  a n d  p ro l ine  a n d  a n  inve r se  
co r r e l a t i on  b e t w e e n  % lysine,  a s p a r t a t e ,  g l u t a m a t e ,  
t y ro s ine  a n d  p h e n y l a l a n i n e .  I f  t h e  resu l t s  of SUEOKA 1~ 
a n d  CHELTON et  al. 15 are  c o m p a r e d  w i t h  Clavariopsis 
(Tab le  I I I )  i t  co r r e sponds  closely to  o r g a n i s m s  w i t h  a 
% G C  of 25, e.g. Mycoplasma mycoides a n d  Tetmhymena 
pyri/ormis. T h e  e x c e p t i o n s  a re  t y r o s i n e  a n d  pro l ine .  

I n  t~enicillium griseofulvum 7 arg in ine ,  a l an ine  a n d  
pro l ine  co r re spond  to  a GC ra t i o  of 25%,  b u t  lysine,  
a spa r t a t e ,  t y r o s i n e  a n d  luecine  co r r e spond  to  GC 70%. 
I t  would  c lear ly  be  of i n t e r e s t  to  i n v e s t i g a t e  % G C  for 
Clavariopsis a n d  m a n y  m o r e  fungi ,  p a r t i c u l a r l y  Penicil- 
lium griseo[ulvum ~, t o  d e t e r m i n e  t h e  poss ib i l i ty  of 
a p p l y i n g  SUEOKA'S a4 sugges t ions  t o  fungi .  

Rdsumd. O n  a t r o u v 6  que  CIavariopsis aquatica to l~re  
une  g r a n d e  ac id i t& Le p o u r c e n t a g e  des amino -ac ides  qui  
c o m p o s e n t  la p ro t6 ine  fong ique  a 6t6 tr~s peu  affect6  
p a r  la source  d ' a z o t e  et  n ' a  a u c u n  r a p p o r t  avec  la  com-  
pos i t i on  de la masse  c o m m u n e  des amino-ac ides  l ibres .  
L a  p o u r c e n t a g e  des  a m i n o - a c i d e s  qui  c o m p o s e n t  la  p ro-  
t6 ine  c o r r e s p o n d  ~ u n  p o u r c e n t a g e  de  g u a n i n e / c y t o s i n e  
de  25. 
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A m i n e  O x i d a t i v e  S y s t e m  i n  T e t r a h y m e n a  p y r i f o r m i s  W 

I n  1966, JANAKIDEVI e t  al. ~ f o u n d  t h a t  t h e  c i l i a ted  
p ro tozoan ,  Tetrahymena pyri/ormis W, possesses  nor-  
a d r e n a l i n e  (NA) a n d  a d r e n a l i n e  (A), whi le  t h e  f l age l l a ted  
p ro tozoan ,  Crithidia ]asciculata, has  on ly  NA. F u r t h e r ,  in  
these  p ro tozoa ,  i so top ica l ly  labe l led  p recurso r s  were  
i n c o r p o r a t e d  i n to  these  c a t e c h o l a m i n e s  as in  m a m m a l s .  
T h e y  also sugges ted  t h a t  t h e  d e c o m p o s i t i o n  of N A  was  
due  t o  m o n o a m i n e  ox idase  in  C. /ascicuIata. Based  on  
these  f ind ings ,  BLUM 2 s t ud i ed  t h e  ef fec t  of r e se rp ine  o n  
Tetrahymena a n d  f o u n d  t h a t  i t  i n h i b i t e d  t h e  g r o w t h  a n d  
decreased  t h e  c a t e c h o l a m i n e  c o n t e n t .  

P rev ious ly ,  we r e p o r t e d  t h a t  low c o n c e n t r a t i o n  of 
a -adrenerg ic  b lock ing  a g e n t s  p r o m o t e d  t h e  g r o w t h  of 
Tetrahymena, while  f l -adrenergic  b lockers  were  i nh ib i -  

tory3,  4. T h u s  i t  was  of i n t e r e s t  to  i n v e s t i g a t e  t h e  n a t u r e  
of t h e  e n z y m e  i n v o l v e d  in  c a t e c h o l a m i n e  m e t a b o l i s m  in  
Tetrahymena. Thi s  p a p e r  is on t he  p resence  a n d  n a t u r e  
of a n  o x i d a t i v e  d e a m i n a t i o n  s y s t e m  for  c a t e c h o l a m i n e  in  
T. pyri[ormis. 
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