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Carbon source (carbon content 2 %, 
equivalent to 5% glucose in 
Richards medium) 

Mycelial 
weight 
in mg 

Total mg fusaric acid Comparison of efficiency 
fusarie acid per mg dry with the control 
in mg mycelial weight a (taken as 100 %) 

1. Glucose (Richards medium) 156.8 3.38 0.022 100 
2. Starch 192.2 5.38 0.028 127 
3. Cellulose 74.6 1.88 0.025 114 
4. Casein 162.4 10.10 0.062 282 
5. Egg albumin 172.0 11.22 0.065 295 
6. Coconut oil 60.8 1.88 0.030 136 
7. Olive oil 63.6 2.20 0.035 159 
8. Yeast ribonucleic acid 13.0 0.32 0.024 109 
9. Calf-thymus deoxyribonucleic acid 60.0 1.37 0.023 105 

10: Citric acid 258.8 4.65 0.018 82 
11. Suceinie acid 374.6 4.95 0.013 59 
12. Fumaric acid 366.2 4.95 0.014 64 
13. Susceptible host extract 60.0 4.05 0.068 309 
14. Resistant host extract 58.0 3.025 0.052 236 

a Efficiency of fusaric acid production 

evapora t ed  using a cu r ren t  of air a t  room t e m p e r a t u r e  
and  the  residue dissolved in 10 ml  of 80% ethanol .  0.2 ml 
of the  samples  were ch roma tog raphed  for 18 h on W h a t -  
m a n  No. 3 MM fi l ter  pape r  using the  solvent  sys t em 
n-butanol ,  acet ic  acid and  wa te r  (in the  ra t io  4: 1:5) 
along wi th  a set  of s t a n d a r d  solut ions va ry ing  in concen-  
t r a t i on  f rom 40-100 #g. The spots  were marked  unde r  UV 
and  e lu ted  w i t h  5 ml  of 80% e thano l  whose  absorbancies  
were measured  a t  268 m/z, in a Beckman  spec t ropho to -  
m e t e r  (ZAHNER4). 

I t  is in te res t ing  to note  (Table) t h a t  the  pro te ins  sup- 
po r t  good g rowth  and  also fusaric acid product ion .  The 
to ta l  fusaric acid p roduc t ion  was m a x i m u m  in the i r  
presence.  This  m a y  be due to the  fact  t h a t  metabol ic  
p roduc t s  of p ro te ins  avai lable in high concen t ra t ion  prob-  
ab ly  p rom o te  the  synthes is  of fusaric acid, as i t  has  been  
shown earlier  t h a t  a- and  fl-alanines, g lu tamic  acid, y- 
amino  bu tyr ic  acid and  serine s t imula te  fusaric acid pro-  
duc t ion  5. It m a y  be that t r y p t o p h a n  con t r ibu tes  to  t he  
pyr id ine  ring. No appreciable  var ia t ion  is observed  in the  
efficiency of t ox in  p roduc t ion  among  the  ca rbohyd ra t e s  
and  nucleic acids. High  g rowth  in the  presence  of s t a rch  
resul ts  in good yield of fusaric acid. Poores t  tox in  produc-  
t ion  is observed  wi th  the  nucleic acids, p robab ly  due  to  
poor  growth.  A s l ight  increase in the  efficiency of fusaric 
acid p roduc t ion  observed  in t he  presence of lipids m a y  be 
due to  the  free avai labi l i ty  of acetate ,  which  was shown 
to  be incorpora ted  in to  fusaric acid by  using labelled 
ace ta te  5. Exce l l en t  g rowth  in t he  presence of the  Krebs  
cycle i n t e rmed ia t e s  offers good yields of t he  toxin .  How-  

ever,  the  efficiency of p roduc t ion  is found  to be poor, thus  
ind ica t ing  t h a t  these organic acids are preferent ia l ly  
ut i l ized for g rowth  purposes  only. 

The efficiency of fusaric acid p roduc t ion  in the  presence  
of au toc laved  hos t  ex t rac t s  approaches  t h a t  of t he  pro-  
teins.  In  spi te  of the  poor  growth,  fusaric acid yield ap- 
proaches  t h a t  of the  control ,  showing a high efficiency 
in tox in  synthesis .  Fusar ic  acid p roduc t ion  in the  pres-  
ence of au toc laved  ex t rac t s  of b o t h  the  res i s tan t  and 
suscept ible  hos ts  m a y  be due to the  dena tu red  prote ins  
t h a t  are avai lable  in these  ext rac ts .  However ,  the  dif- 
ference observed m a y  be due to the  var ia t ion  in the i r  
cons t i tu t ion  which  m a y  have  a re la t ion to  the  resistance.  

Zusammen[assung. Die Bi ldung von  Fusarins/ iure durch  
Fusarium vasin/ectum Atk. ,  bezogen auf das Trocken-  
gewicht ,  ist  am gr6ssten,  wenn  Pro te ine  oder  Ausztige 
aus Wir t sp f l anzen  und am geringsten,  wenn S~turen des 
Krebszyk lus  als Kohlens tof fque l le  geboten  werden.  
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H e t e r o g e n e i t y  of  C a t a l a s e  in B l o o d  of H e t e r o -  
z y g o u s  Cases  of  A c a t a l a s i a  

Catalase can be isolated f rom small  samples  of hemo-  
lysa te  b y  gel-f i l t ra t ion on Sephadex  1 or by  column chro- 
m a t o g r a p h y  o n  calcium phospha te -DEAE-ce l lu lose  com- 
plex gel 2. Using the  l a t t e r  technique ,  2 f ract ions  can be 
ob ta ined  by  ex t rac t ion  wi th  0.15 M sodium chloride solu- 
t ion  (= f rac t ion wi th  i n d e x  n u m b e r  1) and 0 . 2 M  secon- 
da ry  sod ium p h o s p h a t e  solut ion p H  8.2 (= f rac t ion wi th  
index  n u m b e r  2). 

By  apply ing  th is  t echn ique  to samples  of (a) no rma l  
h u m a n  blood, (b) blood of a heterozygous,  and (c) blood 
of a homozygous  case of acatalasia ,  6 different  p repa ra -  
t ions  of purif ied h u m a n  red cell cata lase  are obta ined .  
Analysis  of the i r  e lec t rophore t ic  mobi l i ty  on a mix tu re  of 
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A 1 A 2 B 1 B 2 CI C a 
A 1 B 1 C 1 A~ A= B 1 
+ + + + + + 
A2 B2 Ca B2 B2 C1 

Electrophoretic mobility of red cell catalase isolated from (a) normal human blood, fractions A 1 and A2, (b) a heterozygous case of acatalasia 
( 'hypocatalasaemia') P.V., fractions B 1 and Ba, (c) a homozygous case of acatalasia M.V., fractions C 1 and C 2. Front left to right: run  
No. 1 6: Single fractionsA~, A2, B1, B2, C1, C2; run No. 7 1 2 : ~ m i x t u r e o f f r a c t i o n s 7  A 1+  A2,8 = B 1+  B ~ , 9 - - C  1+  C2,10 = A 1 + B2, 
11 - A 2 + B2, 12 B 1 + C 1. Solutions analysed: approx. 10 ~tl containing 0.1 0.5 ~tg protein. Electrophoresis was run at pH 9.0 (Tris- 
buffer 0.11M) at 4 ~ for 8 h (300 V; 60 mA; plate 13 �9 20 cm). Detection of spots according to THORUP 4 by means of subsequent t reatment  

of the plate by solution 1 ( -  1.5% H20 ~ + 1.5% Na2SeOa) and 2 ( 1.5% Na I). 

s t a r c h ,  a g a r  a n d  p o l y a c r y l a m i d e - g e l  a, a n d  s u b s e q u e n t  
s t a i n i n g  of  t h e  p l a t e  b y  m e a n s  of  THORUP'S t e c h n i q u e  4,5 
g a v e  u s  t h e  f o l l o w i n g  r e s u l t  (see F i gu re )  : T h e  m o b i l i t y  o f  
e i t h e r  f r a c t i o n  i s o l a t e d  f r o m  n o r m a l  h u m a n  r e d  cel ls  (A1, 
A2) a n d  f r o m  a c a t a l a t i c  ce l ls  (C1, C2) is t h e  s a m e ,  b u t  
t h e r e  is a d i s t i n c t  d i f f e r e n c e  in  m o b i l i t y  b e t w e e n  c a t a l a s e  
of  n o r m a l  a n d  of  a c a t a l a t i c  r ed  cells  (A 1 A 2 > C 1 = C~). 

H o w e v e r ,  f r o m  t h e  b l ood  of  a h e t e r o z y g o u s  i n d i v i d u a l ,  
2 f r a c t i o n s  of  d i f f e r e n t  e l e c t r o p h o r e t i c  m o b i l i t y  a re  ob -  
t a i n e d  (B~ < B2). F r a c t i o n  B~ m i g r a t e s  a p p r o x i m a t e l y  
as  l i t t le  as  t h e  c a t a l a s e  a c t i v e  m a t e r i a l  o b t a i n e d  f r o m  
a c a t a l a t i c  cel ls  (B 1 ~ C 1 a n d  C2). F r a c t i o n  B2, h o w e v e r ,  
e x e r t s  t h e  s a m e  m o b i l i t y  as  t h e  e a t a l a s e  o b t a i n e d  f r o m  
n o r m a l  s u b j e c t s  (B 2 ~ A 1 a n d  A2). I f  f r a c t i o n s  a r e  c o m -  
b i n e d  a n d  a n a l y s e d  e l e c t r o p h o r e t i c a l l y ,  t h e  m o b i l i t y  of  
t h e  s ing le  c o m p o n e n t s  is n o t  a f f e c t e d  b y  t h e  p r e s e n c e  of  
t h e  o t h e r  f r a c t i o n  (see F i g u r e ;  r u n s  Nos .  7 -12 ) .  A c c o r d i n g  
to  t h e  t e r m i n o l o g y  for  d e n o m i n a t i o n  of  h e t e r o g e n o u s  
e n z y m e  f r a c t i o n s ,  t h e  f a s t e r  m o v i n g  c a t a l a s e  m a y  be  
t e r m e d  I a n d  t h e  s l o w e r  m o v i n g  I I .  T h u s ,  t h e  f o r m u l a  of  
c a t a l a s e  in  b l o o d  of  n o r m a l  h u m a n s ,  h e t e r o z y g o u s  a n d  
h o m o z y g o u s  a c a t a l a s i a  c a s e s  m i g h t  be  e x p r e s s e d  as  I I,  
I I I  a n d  I I  I I  r e s p e c t i v e l y .  

C a t a l a s e  a c t i v e  m a t e r i a l  i s o l a t e d  p r e v i o u s l y  f r o m  n o r -  
m a l  a n d  a c a t a l a t i c  h u m a n  r e d  cei ls  b y  ge l  f i l t r a t i o n  
p r o v e d  t o  be  i d e n t i c a l  w i t h  r e s p e c t  to  k i n e t i c s ,  m o b i l i t y  
in  ge l - f i l t r a t i on ,  a z ide  s e n s i t i v i t y  a n d  p r e c i p i t a t i o n  b y  
a n t i c a t a l a s e  6,7. T h i s  led to  t h e  a s s u m p t i o n  t h a t  a c a t a l a s i a  
- a t  l eas t ,  in  so f a r  a s  t h e  Swiss  c a s e s  a re  c o n c e r n e d  - m a y  
be  c o n s i d e r e d  as  a p u r e  f o r m  of  a c o n t r o l - g e n e  m u t a -  
t i o n  6,s. F r o m  t h e  o b s e r v a t i o n  s h o w n  in  t h e  F i g u r e ,  one  
m u s t  c o n c l u d e ,  h o w e v e r ,  t h a t  c a t a l a s e  f r o m  t h e s e  t w o  
s o u r c e s  - in  s p i t e  of  i t s  a p p a r e n t  e n z y m a t i c  a n d  a n t i -  
gen i e  i d e n t i t y  - is  d i f f e r e n t  in  i t s  p h y s i c o - c h e m i e a l  
p r o p e r t i e s .  C a t a l a s e  in  b l o o d  of  h o m o z y g o u s  a c a t a l a t i c  
s u b j e c t s  is m a i n l y  loca l i zed  in  r e t i c u l o c y t e s  9,~0; t h e r e f o r e  
i t  wi l l  be  of  p a r t i c u l a r  i n t e r e s t  t o  i n v e s t i g a t e  w h e t h e r  t h i s  
a t y p i c a l  f o r m  of  c a t a l a s e  is c h e m i c a l l y  o r  b i o l o g i c a l l y  
less  s t a b l e  t h a n  c a t a l a s e  n o r m a l l y  p r e s e n t  in  t h e  r ed  cell.  
T h e  f a c t  t h a t  c a t a l a s e  f r o m  r e d  cel ls  of  n o r m a l  h u m a n s  

a n d  of  h o m o z y g o u s  a c a t a l a t i c  s u b j e c t s  s e e m  to  d i f f e r  in  
t h e i r  s t r u c t u r e ,  o f fe r s  a n  e x p l a n a t i o n  for  t h e  f i n d i n g  t h a t  
b lood  c a t a l a s e  in  h e t e r o z y g o u s  c a s e s  o f  a c a t a l a s i a  
( - - ' h y p o c a t a l a s a e m i a ' )  is h e t e r o g e n o u s  in  n a t u r e  11. 

Zusammen/assung.  M i t t e l s  C h r o m a t o g r a p h i e  a u f  Cal -  
e i u m p h o s p h a t - D E A E - C e l l u l o s e  l e s s e n  s i ch  a u s  H ~ m o l y s a t  
y o n  M e n s c h e n e r y t h r o c y t e n  zwei  F r a k t i o n e n  g e r e i n i g t e r  
K~t ta lase  d a r s t e l l e n .  I m  G e g e n s a t z  zu  d e n  F r a k t i o n e n  a u s  
n o r m a l e n  u n d  h o m o z y g o t  a k a t a l a t i s c h e n  Ze l l en  z e i g e n  
d ie  a u s  B l u t  h e t e r o z y g o t e r  D e f e k t t r ~ g e r  i s o l i e r t e n  K a t a -  
l a s e f r a k t i o n e n  e in  e l e k t r o p h o r e t i s c h  v e r s e h i e d e n e s  V e r -  
h a l t e n .  Die  B e w e g l i c h k e i t  d e r  r a s e h e r  w a n d e r n d e n  F r a k -  
t i o n  e n t s p r i c h t  j e n e r  d e s  n o r m a l e n  E n z y m s ,  w X h r e n d  d ie  
l a n g s a m e r  w a n d e r n d e  F r a k t i o n  s i ch  g l e i ch  v e r h ~ l t  wie  
d e s  a u s  A k a t a l a s i e e r y t h r o c y t e n  i so l i e r t e  E n z y m .  D a r a u s  
fo lg t ,  d a s s  z w i s c h e n  K a t a l a s e  in  n o r m a l e n  u n d  A k a t a -  
l a s i eze l l en  t r o t z  n a c h g e w i e s e n e r  A n t i g e n i d e n t i t A t  ge -  
w i s se  S t r u k t u r u n t e r s c h i e d e  zu  b e s t e h e n  s c h e i n e n .  
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