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A Comparison of Methods for the Extraction of Amino Acids from Fungal  Mycel ium 

T h e  free a m i n o  acid pools of an  ex t ens ive  r ange  of 
m i c r o o r g a n i s m s ,  a lgae  a n d  h ighe r  p l a n t s  h a v e  been  
a n a l y s e d  b u t  t h e  r epo r t s  show t h a t  a v e r y  wide  r ange  of 
so lven t s  h a v e  been  used  for t he i r  ex t r ac t ion .  F o r  examp le ,  
90% e t h a n o l  (CHILD a n d  FOTHERGILL1), 70% e t h a n o l  
(THORNTON a n d  F o x  2, TOOZE-SoULET~), 50% e t h a n o l  
(MURRAY an d  ZSCHEILE4), 1 . 5N  perchlor ic  acid (KANA- 
ZAWAS), 50% g ly ce ro l  (SHELLARD and  JOLLIFFE 6) a n d  a n  
a q u e o u s  so lu t ion  of t r i ch lo race t i c  acid (BALDY, PIQUEMAL 
a n d  LACHI~ 7). 

A p a r t  f rom work  b y  BENT and  MORTON s us ing  Penici l -  
l i um griseo[ulvum a n d  HANCOCK 9 u s ing  Staphylococcus 
aureus, l i t t le  a t t e n t i o n  ha s  been  pa id  to  a s s e s s m e n t  of 
efficiencies of a m i n o  acid pool  ex t r ac t i on  t echn iques .  Th i s  
work  was  s t i m u l a t e d  w h e n  t he  n i n h y d r i n  pos i t ive  sub-  
s t ance s  e x t r a c t e d  f rom t h e  m y c e l i u m  of 3 a q u a t i c  H y p h o -  
m y c e t e s  u s in g  5 d i f fe ren t  m e t h o d s  were c o m p a r e d  a n d  
f o u n d  to  be d i f fe ren t  (see Tab l e  I). S u b s e q u e n t  t h i n - l a y e r  
c h r o m a t o g r a p h y  a n d  c o m p a r i s o n  us ing  a Joyce -Loeb l  
' C h r o m o s c a n '  d e n s i t o m e t e r  showed  t h a t  d i f fe ren t  so lven t s  
e x t r a c t e d  d i f fe ren t  a m i n o  acids  and  q u a n t i t i e s  of a m i n o  
acids  f r o m  th e  m y c e l i u m  of Heliscus submersus.  

Mater ials  and methods. T h e  o r g a n i s m s  used  were 
Heliscus  submersus, Varicosporium elodeae and  Clavari- 
opsis aquatica, m a i n t a i n e d  on 2% m a l t  aga r  slopes. The  
m e d i u m  used  for c u l t i v a t i o n  of m y c e l i u m  cons i s t ed  of 
6.0 g glucose,  0.02 g FeCla(tech),  1.0 g KH2PO4, 0:2 g 
M gS O 4 �9 7H20,  0.5 g y e a s t  e x t r a c t  (oxoid), 11 dist i l led water .  
Inoc~ilation a n d  i n c u b a t i o n  was  as descr ibed  b y  THORNTON 
and  F o x  ~. 

Af t e r  6 d a y s  i n c u b a t i o n  t h e  m y c e l i u m  was  f i l tered off, 
w a s h e d  in dist i l led water ,  suc t ion  dr ied a n d  sub j ec t e d  to 
t he  e x t r a c t i o n  t e c h n i q u e s  descr ibed.  0.5 g s a m p l e s  of 
m y c e l i u m  were h o m o g e n i z e d  for 1 m i n  in 10 ml  so lven t  
t h e n  p o u red  in to  20 m l  ho t  or boi l ing so lven t  in 100 ml  
f lasks  on a boi l ing wa t e r  b a t h  for 15 min .  W h e r e  nece s sa ry  
re f lux  c o n d e n s a t i o n  was  used.  A m i n o  acid e x t r a c t i o n  sol- 
v e n t s  used  were (1) boi l ing water ,  (2) boi l ing 70% e thano l ,  
(3) boi l ing m e t h a n o l ,  ch loroform,  wa t e r  (MCW), 12: 5: 3, 
(4) 5% w / v  t r ich loroace t ic  acid (TCA) a t  100 ~ (5) boi l ing  
w a t e r  on oven  dr ied  m y c e l i u m  (see THORNTON a n d  F o x  2). 

T h e  e x t r a c t s  were cooled, cen t r i fuged  and  t he  super -  
n a t a n t  e v a p o r a t e d  to  d r y n e s s  a t  60~ u s ing  a r o t a r y  
evapora to r ,  t h e n  r e s u s p e n d e d  in 2 ml  dist i l led w a t e r  a n d  
used  for c h r o m a t o g r a p h y .  

C h r o m a t o g r a p h y  was  carr ied  ou t  on cellulose t h i n  layer  
as descr ibed  b y  JONES a n d  HEATHCOATE 10 w i t h  50 ~xl 
load ings  per  pla te .  T h e  re la t ive  c o n c e n t r a t i o n s  of t he  
a m i n o  acids  so de t ec t ed  were c o m p a r e d  q u a n t i t a t i v e l y  b y  
t he  ' C h r o m o s c a n '  d e n s i t o m e t e r  u s ing  a 620 fi l ter  a n d  a 
1.0 d iop t re  d e n s i t y  f i l ter  a t  m a x i m u m  sens i t iv i ty .  T h e  
c o m p a r a t i v e  v a lu e s  g iven  are  those  e v a l u a t e d  a u t o m a t i c -  
a l ly  b y  t h e  ' C h r o m o s c a n '  a u t o m a t i c  i n t eg ra to r  a n d  are  
d i rec t ly  p ro p o r t i o n a l  to  t he  c o n c e n t r a t i o n  of t he  a m i n o  
acids  de tec ted  on t he  c h r o m a t o g r a m s .  

Resul ts  and discussion. I n  p r e l i m i n a r y  e x p e r i m e n t s  
t o t a l  n i n h y d r i n  pos i t ive  s u b s t a n c e s  were assessed  b y  
load ing  10 ~xl s a m p l e s  of t he  5 e x t r a c t s  on to  cellulose t h i n  
l ayer  an d  s p r a y e d  a n d  deve loped  as descr ibed  b y  JONES 
a n d  I-IEATHCOATE 1~ and  t he i r  c o m p a r a t i v e  dens i t i es  
m e a s u r e d  (Table I). T h e  resu l t s  show t h a t  m e t h o d  4 
(TCA) e x t r a c t e d  cons ide rab ly  more  n i n h y d r i n - p o s i t i v e  
m a t e r i a l  t h a n  all o the r  m e t h o d s  a n d  m e t h o d  1 (boiling 
water)  e x t r a c t e d  c o n s i s t e n t l y  less t h a n  o the r  m e t h o d s .  
M e t h o d  4 e x t r a c t s  were f o u n d  to give poor  and  confused  
c h r o m a t o g r a m s  a n d  was  l a te r  d i scarded  as infer ior  to  o the r  
m e t h o d s  descr ibed.  

The  c o m p a r a t i v e  a m i n o  acid c o n c e n t r a t i o n s  on t he  
va r ious  c h r o m a t o g r a m s  as  assessed  b y  t he  d e n s i t o m e t e r  
are g iven  On Tab le  II .  Alanine ,  arginine,  a spar t i c  acid, a n d  
g l u t a m i c  acid are  seen  to  be e x t r a c t e d  in g rea t ly  v a r y i n g  
q u a n t i t i e s  by  d i f fe ren t  so lven t s  f r om s t a n d a r d  we igh t s  of 

Table I. Comparative assessment of total ninhydrin 'positive sub- 
stances extracted from fungal mycelium by 5 different methods 

Organism Chromoscan reading 

Technique number 

1 2 3 4 ~ 5 

H. submersus 122 b 134 131 819 160 
V. elodeae 45 100 60 920 82 
C. aquatica 23 97 240 1104 120 

High readings probably due to peptide formation, b Figures given 
are the readings of the automatic integrator of the densitometer and 
are directly proportional to the concentrations of the ninhydrin 
positive substances extracted. 

Table II. Relative concentrations of various amino acids extracted 
by different methods from H. submersus 

Amino acid Chronmscan reading 

Technique number 

1 2 3 5 

Alanine 1050 1000 110 560 
Arginine HC1 50 + 200 + 
Aspartic acid 480 180 130 590 
Glutamic acid 250 200 60 550 
Glutamine + - -  - -  - -  
Histidine HC1 - -  - -  280 - -  
Leueine + + + + 
Lysine 150 - -  + + 
Methionine + - -  + + 
Ornithene + - -  + - -  
Phenyalanine + - -  + + 
Isoleucine + + + + 
Serine + 250 + + 
Threonine + 100 80 + 
Tyrosine + - -  - -  - -  
Valine + - -  - -  + 
Taurine + 200 250 + 
Cystine + 100 450 5 0 0  

Total 17 10 15 13 

--, not detected; + ,  detected in quantities below accurate measure- 
ment by the densitometer. Glycine, cysteine HC1, eysteic acid, 
proline, hydroxyproline and tryptophan were not detected in ally 
extracts. 
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m y c e l i u m  of Heliscus submersus. Boi l ing  w a t e r  appea r s  
to  be  t he  m o s t  eff ic ient  ill e x t r a c t i n g  17 a m i n o  acids 
whi l s t  on ly  10 a m i n o  acids could be  de tec ted  in t he  70% 
e t h a n o l  ex t rac t .  

S u b s e q u e n t  to  th i s  work,  THORPlt showed t h a t  m e t h y l  
e t h y l  k e t o n e / 6 N  HC1 (MEK/HC1, 10: 1) no t  on ly  p r o v e d  
to  be  an  eff ic ient  desa l t ing  m e d i u m  in wh ich  to  r e suspend  
i m p u r e  a m i n o  acid residues,  b u t  p r o v e d  to be a v e r y  
sa t i s f ac to ry  free a m i n o  acid e x t r a c t a n t .  Th i s  was done  b y  
homogen i z ing  f reeze-dr ied  m y c e l i u m  in cold M E K / H C I  
for  15 rain.  Th i s  gave  a sal t -free so lu t ion  of 16 a m i n o  
acids f rom m y c e l i u m  of Tetracladium setigerum which  gave  
v e r y  clear  c h r o m a t o g r a m s  b y  t h e  m e t h o d  descr ibed.  

MEK/HC1 was found  unre l i ab le  for t he  e x t r a c t i o n  of 
t y ros ine  and  leucine,  w h i c h  are r ead i ly  e x t r a c t e d  b y  
boi l ing  water ,  c o m p l e m e n t a r y  to this ,  boi l ing  w a t e r  was  
found,  poor  for t he  e x t r a c t i o n  of h is t id ine ,  a rg in ine  and  
t au r ine ,  all of wh ich  are e x t r a c t e d  read i ly  u n d e r  t h e  con- 
d i t ions  descr ibed b y  MEK/HC1.  

The  resul ts  ind ica te  t h a t  no single m e t h o d  is abso lu t e ly  
sa t i s fac to ry  for t he  e x t r a c t i o n  of free a m i n o  acid pools 

f rom funga l  m y c e l i u m  b u t  a c o m b i n a t i o n  of e x t r a c t s  ob- 
t a i n e d  b y  boi l ing  water ,  a n d  MEK/HC1 should  e x t r a c t  
t he  wides t  possible  r ange  of free a m i n o  acids c o n t a i n e d  in 
t h e  m y c e l i u m  used. 

.Rdsumd. E n  c o m p a r a n t  p lus ieurs  t e c h n i q u e s  pou r  ex- 
t r a i r e  l ' amino -ac ide  l ibre  de la  mycose  fong ique  on  a 
observ6 de g randes  diff6rences en t r e  elles. L ' e a u  bou i l l an t e  
e t l a  m 6 t h y l 6 t h y l c 6 t o n e  HC1 se son t  mon t r6 s  les so lven ts  les 
p lus  efficaces et  d o n n a n t  c h r o m a t o g r a m m e s  les p lus  ctairs. 
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The Effect of Glucose, Glucose Monophosphates 
of Phosphorylase b 

Our  earl ier  work  I showed  t h a t  b o t h  al loster ic  a c t i v a t o r  
A M P  and  i n h i b i t o r  A T P  p r o t ec t  p h o s p h o r y l a s e  b (e-l ,  4- 
g lucan :  o r t h o p h o s p h a t e  g lucosyl t ransferase ,  EC 2.4.1.1) 
aga in s t  t r y p t i c  digest ion.  As is known,  p h o s p h o r y l a s e  b 
is also i n h i b i t e d  a l los ter ica l ly  b y  glucose a n d  Glc-6-P.  I n  
t h e  p re sen t  s t u d y  we h a v e  e x a m i n e d  t he  effect  of these  
inh ib i to r s  on t he  t r y p t i c  d iges t ib i l i ty  of phosphory la se  b. 
I n  addi t ion ,  t he  effect  of G l c - l - P  and  inorganic  p h o s p h a t e  
(Pi), t h e  s u b s t r a t e s  of t he  enzyme,  were also s tudied .  

Materials and methods. 4- t imes  recrys ta l l ized  r a b b i t -  
nmscle  p h o s p h o r y l a s e  b was p r e p a r e d  accord ing  to 
FlSCHEa and  KRESS2. I t  was  f u r t h e r  pur i f ied  b y  pass ing  
i t  t h r o u g h  a co lumn  of S e p h a d e x  G-100 i m m e d i a t e l y  
before  use. The  gel c o l u m n  was equ i l i b r a t ed  w i t h  0 . 0 5 M  
Tris-HC1 buffer  a t  p H  7.2. T r yp t i c  d iges t ion  was car r ied  
ou t  a t  37~ buf fe red  in 0 . 0 5 M  Tris-HC1 a t  p H  7.2. 
The  f inal  c o n c e n t r a t i o n  of t he  c o n s t i t u e n t s  in t he  incuba-  
t i o n  m i x t u r e  ( to ta l  v o l u m e  3.5 ml) were:  m e r c a p t o e t h a n o l  
0 . 0 1 M ;  t r y p s i n  3 . 6 x 1 0  7M;  a n d  phospho ry l a se  b 
3.1 x 1 0 - 6 M  or casein 1.43 mg/ml .  Var ious  c o n c e n t r a t i o n s  
of glucose, Glc-6-P,  G l c - I - P  a n d  Pi  a re  i nd ica t ed  in t he  
figures�9 The  r eac t ion  was s t opped  a f t e r  20 m i n  i n c u b a t i o n  
b y  add ing  1.5 ml  of 10% t r i ch lo roace t i c  acid. Af te r  cen t r i -  
fuga t ion  t he  acid soluble  p r o t e i n  res idues  were de ter -  
m i n e d  spec t ropho to lne t r i c a l l y  a t  280 nm.  I n  t he  case of 
t h e  f luor in le t r ic  inves t iga t ions ,  t h e  d iges t ion  was car r ied  
o u t  in  the  c o n s t a n t  t e m p e r a t u r e  c o m p a r t m e n t  of an  
O p t o n  spec t ro f luo rome te r  Z FM 4C. A t  va r ious  incuba-  
t i on  t imes  t he  emiss ion  and  e x c i t a t i o n  spec t ra  of t he  
samples  were e s t ima ted .  

Results and Discussion. Var ious  concen t r a t i ons  of 
glucose and  Glc-6-P y ie lded a s ign i f ican t  i n h i b i t i o n  of 
t r y p t i c  d iges t ion  of p h o s p h o r y l a s e  b (Figure 1). As 
F igure  1 shows, Glc-6-P h a d  a g rea te r  i n h i b i t o r y  effect  
t h a n  glucose. G l c - l - P  and  Pi  were found,  however ,  to  h a v e  
no  inf luence on t he  t r y p t i c  d iges t ion  of t he  enzyme.  T h a t  
t h e  a b o v e - m e n t i o n e d  c o m p o u n d s  h a d  a n  effect  on  phos-  
phory la se  b and  no t  on  t r y p s i n  was ver i f ied  b y  t he  fac t  
t h a t  t he  r a t e  of t r y p t i c  hydro lys i s  of casein r e m a i n e d  un-  
a f fec ted  b y  these  c o m p o u n d s  a t  t h e  concen t r a t i ons  used. 

and Inorganic Phosphate on the Tryptic Digestion 

The  t r y p t i c  d iges t ion  of t he  e n z y m e  led to a decrease  in 
t he  f luorescence i n t e n s i t y  and  to  a s l ight  sh i f t  of t he  
f luorescence m a x i m u m  f rom 340-350 n m  (Figure  2A). 
The  e x c i t a t i o n  s p e c t r u m  of t he  p ro t e in  d id  n o t  a l t e r  
d u r i n g  t h e  digest ion.  The  p r o t e c t i v e  effect  of Glc-6-P 
aga ins t  t he  t r y p t i c  d iges t ion  of p h o s p h o r y l a s e  b can  also 
be  de tec ted  f luor imet r ica l ly  (Figure  2B). S imi la r  resul t s  
were o b t a i n e d  also w i t h  glucose�9 

I t  is k n o w n  t h a t  a f te r  t r e a t m e n t  of p ro t e in s  w i t h  8 M  
urea,  i.e. a f t e r  all t he  t r y p t o p h a n  res idues  of t h e  p ro t e in  

100" 

BO 

o 60 

�9 ~ '  t0 

~- 2O 

mM61UCOSe,GIG-I-~Pi 

4 B 1Z 16 ZO 

m/'/GIc-~-P 

Fig. 1. Effect of glucose (0 - -0 ) ,  Glc-6-P (O--O), Glc-I-P (A A) 
and inorganic phosphate (Pl) (&--A) on the tryptie digestion of 
phosphorylase b. 
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