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The  fungus  was  g rown on Czapek -Dox  aga r  in  pe t r i  
d ishes  a t  24~ The  cu l tu res  (35 pla tes)  were e x t r a c t e d  
w i t h  e t h y l  a ce t a t e  a f t e r  14 days.  T he  res idue  o b t a i n e d  on  
e v a p o r a t i n g  t h e  so lven t  was  e x t r a c t e d  twice  w i t h  l igh t  
p e t r o l e u m  b.p.  40 -60~  a n d  t h e n  rec rys ta l l i zed  f rom 
c h l o r o f o r m - m e t h a n o l  (2 : 1). B r i g h t  r ed  needles  (18mg) were 
ob ta ined .  Colour reac t ions ,  UV-  a n d  v is ib le  spec t r a  a n d  
t he  d e c o m p o s i t i o n  p a t t e r n  of t h e  mass  s p e c t r u m  were 
cha rac t e r i s t i c  for a n  a n t h r a q u i n o n e  der iva t ive .  The  
p i g m e n t  p r o v e d  to  be  e r y t h r o g l a u c i n  (1, 4, 8 - t r ihydroxy ,  
3 -methy l ,  6 - m e t h o x y a n t h r a q u i n o n e ) ,  s ince i t  was com- 
p le t e ly  iden t i ca l  w i t h  p r e p a r a t i o n s  of e r y t h r og l auc in  
i so la ted  f r o m  Eurotium rubrurn CBS 110.31 (st. con. 
Aspergillus se]unctus = A.  ruber ~) a n d  syn thes i zed  f rom 
c a t e n a r i n  3. 

F r o m  t h e  m o t h e r  l iquor  2 o the r  a n t h r a q u i n o n e  
de r i va t i ve s  were i so la ted  a f t e r  c h r o m a t o g r a p h i n g  severa l  
t i m e s  on p r e p a r a t i v e  si l ica gel G layers  us ing  d i f fe ren t  
so lven t  sys tems .  One c o m p o u n t  (1 mg) t u r n e d  ou t  to  be  
c a t e n a r i n  ( !, 4, 6, 8 - t e t r ahyd r oxy ,  3 - m e t h y l a n t h r a q u i n -  
one) a n d  showed comple t e  a g r e e m e n t  ill all  respects  w i t h  
c a t e n a r i n  o b t a i n e d  f rom Drechslera catenaria CBS 
191.29 = Helminthosporium catenarium ~. The  o the r  
s u b s t a n c e  (0.5 rag) could be  iden t i f i ed  as e n m d i n  (1, 6, 8- 
t r i h y d r o x y ,  3 - m e t h y l a n t h r a q u i n o l l e )  b y  d i rec t  compar i son  
w i t h  a commerc i a l  s ample  (Fluka) .  

E r y t h r o g l a u c i n  occurs  in  cu l tu res  of severa l  Aspergillus 
s p p )  a n d  in  t h e  l i chen  Xanthoria elegans 5. So far  i t  h a s  
n o t  been  de t ec t ed  ill a species of Talaromyces or Penicil- 
lium. C a t e n a r i n  was i so la ted  f rom severa l  Drechslera = 
Helminthosporium spp.*, Eurotium amstelodami (st. con. 
Aspergillus amstelodami) 6, a n d  on ly  once de t ec t ed  in a 
Penicil l ium species viz. P .  islandicum L T he  s i m u l t a n e o u s  
p resence  of c a t e n a r i n  a n d  i ts  6 - m e t h y l e t h e r  e r y t h r og l auc in  
in  a fungus  has  no t  been  r epo r t ed  previous ly .  E m o d i n  is 
a n  u b i q u i t o u s  n a t u r a l  a n t h r a q u i n o n e .  I t  occurs  in  b o t h  
h i g h e r  a n d  lower  fungi .  T he  i so la t ion  f rom Hamigera 
avellanea = Talaromyces avellaneus (con. st.  PenicilIium 
avellaneam) has  been  descr ibed  s. 

Phys i co -chemiea l  d a t a  of t he  T. stipitatus m e t a b o l i t e s  9. 
E r y t h r o g l a u c i n :  m.p .  204-206~ tool. wt.  300.06227, calc. 

for C16H1206 300.0633810; 2max (MeOH):  232, 256, 277, 
305, 465 sh, 480 sh, 490, 510 sh, 523 Ilm; Ar~a~ (MeOH/  
K O H ) :  245, 312, 550, 590 sh  n m ;  Vmax (KBr ) :  1598 cm -I. 
C a t e n a r i n :  mol.  wt.  286.046126, calc. for C15HmO ~ 
286.047731; Zmax ( E t O N ) ;  232, 257, 272 sh, 282, 302 sh, 
468 sh, 482, 491, 512, 525 n m ;  2max ( E t O H / K O H ) :  221, 
257, 300, 324, 530 n m ;  Vmax (KBr ) :  1600 c m - L  E m o d i n :  
tool. wt.  270.053787, cMc. for  CxsHloO z 270.052817; 2max 
(MeOH) : 223, 253, 267, 288, 304 sh, 438 I lm;  2max (MeOH/  
KOH)  : 221, 255, 310, 498 nm.  

Zusammen/assung. Drei  A n t h r a c h i n o n p i g m e n t e  w u r d e n  
aus  d e m  Sch immelp i l z  Talaromyces stipitatus CBS 349.72 
isoliert .  Die U n t e r s u c h u n g  zeigte, dass  sic V e r b i n d u n g e n  
iden t i sch  s ind m i t  E ry th rog lauc in ,  C a t e n a r i n  u n d  E m o d i n .  
D u r c h  Vergle ich  m i t  a u t h e n t i s c h e n  P r o b e n  k o n n t e  diese 
A n s i c h t  bes t / i t ig t  werden.  
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Inhibition of Arylpyruvate Oxidase by Chelating Agents ~ 

p - H y d r o x y p h e n y l p y r u v a t e  ox idase  a n d  p h e n y l p y r u v a t e  
ox idase  h a v e  been  s h o w n  to be  i n h i b i t e d  b y  severa l  
che l a t i ng  agents~,  3, especia l ly  d i e t h y l d i t h i o c a r b a m a t e ,  
w h i c h  suggests  t h a t  i t  m a y  be  a copper -co l l tMning  
enzyme.  W i t h  some c o p p e r - c o n t a i n i n g  enzymes  t h e  m e t a l  
is so f i rmly  b o u n d  t h a t  che la t ing  agen ts  do no t  r e m o v e  i t  
f rom t h e  e n z y m e  molecule*.  Most  me ta l loenzymes ,  how- 
ever,  are  i n h i b i t e d  b y  che l a t i ng  agen t s  t h r o u g h  t h e  r e m o v a l  
of t h e  ca t ion  f rom t h e  ho loenzyme.  T he  p r e s en t  s t u d y  was 
u n d e r t a k e n  to  decide  wh ich  m e c h a n i s m  appl ies  to  p- 
h y d r o x y p h e n y l p y r u v a t e  oxidase.  

Methods. p - F l y d r o x y p h e n y l p y r u v a t e  ox idase  5 and  
p h e n y l p y r u v a t e  ox idase  6 were assayed  b y  t h e  c h a n g e  ill 
op t i ca l  d e n s i t y  of t h e  e n d - b o r a t e  com p l ex  of t h e  sub-  
s t ra te .  E n z y m e  was pur i f i ed  as ou t l i ned  p rev ious ly  r; t e s t s  
on  i n h i b i t i o n  were car r ied  ou t  on  m a t e r i a l  pur i f i ed  to  
s tep  (c). All  r eagen t s  were t he  bes t  com m er c i a l l y  avai lable ,  
and  dis t i l led  w a t e r  was  deionised to  a c o n c e n t r a t i o n  of less 
t h a n  1 p a r t  pe r  mi l l ion.  Copper,  n icke l  and  coba l t  were 
assayed  as complexes  w i t h  d i e t h y l d i t h i o c a r b a m a t e  ~ a n d  
i ron as i t s  comp lex  w i t h  1, 1 0 - p h e n a n t h r o l i n e  ~. C a d m i u m  
was  as sayed  as i t s  com p l ex  w i t h  d i t h i zone  1~ Unless  
o the rwise  s t a t e d  al l  buf fers  were 1 m M  in ascorba te .  

Results and discussion. The  degree of i n h i b i t i o n  of b o t h  
ac t iv i t i e s  b y  chela t i l lg  agen t s  is shown  in Tab le  I. D ie thy l -  
d i t h i o c a r b a m a t e  was t he  m o s t  ef fec t ive  che l a t i ng  a g e n t  
tes ted .  I n  each  case p h e n y l p y r u v a t e  ox idase  was in- 
h i b i t e d  more  comple t e ly  t h a n  p - h y d r o x y p h e n y l p y r u v a t e .  

R e a c t i v a t i o n  was obse rved  on  a d d i t i o n  of severa l  
ca t ions  to  p - h y d r o x y p h e l l y l p y r u v a t e  ox idase  t h a t  h a d  
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Table I. Enzyme inhibition by chelating agents 
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Compound Concentration ( { . a M )  Phenylpyruvate p-Hydroxyphenylpyruvate  
oxidase inhibition (%) oxidase inhibition (%) 

Diethyldithiocarbamate 7.5 98 93 
3.0 --  58 
1.5 76 --  

Ethylxanthate  10.0 95 74 
4.2 78 --  

1,10-Phenanthroline 34.0 91 54 
1 . 9  4 8  - -  

~,~-Dipyridyl 2 3 0 . 0  - -  35 
108.0 77 --  

Phenylthiourea 220.0 --  54 
44.0 69 --  

Salicylaldoxime 190.0 --  63 
48.0 72 -- 

8-Hydroxyquilloline 230.0 95 49 
6.9 51 --  

In the studies on phenylpyruvate oxidase inhibitor and enzyme were incubated for 2-5 rain at pH 7 in 0.3--0.5 mi prior to addition to the 
assay solution. For studies on p-bydroxyphenylpyruvate oxidase the inhibitor was added directly. The concentration of inhibitor is tha t  
during the assay. The enzyme activity was compared with that  observed when no inhibitor was used. 

b e e n  i n h i b i t e d  w i t h  c h e l a t i n g  a g e n t s .  S u f f i c i e n t  c a t i o n  
w a s  u s e d  t o  c h e l a t e  w i t h  a l l  t h e  i n h i b i t o r  if c h e l a t i o n  is 
q u a n t i t a t i v e ,  b u t  n o t  e n o u g h  to  c a u s e  d e n a t u r a t i o n ,  
w h i c h  w a s  c o n f i r m e d  in  s e p a r a t e  e x p e r i m e n t s .  W i t h  
d i e t h y l d i t h i o c a r b a m a t e  as  i n h i b i t o r ,  Cu  e+, A g +  Hg~+, 
Cd  ~+, Co S+, a n d  N P  + c a u s e d  r e a c t i v a t i o n .  W i t h  e t h y l -  
x a n t h a t e ,  o n l y  Cu  e+, Ag+,  a n d  H g  e+ c a u s e d  r e a c t i v a t i o n .  
A f t e r  t r e a t m e n t  w i t h  1 , 1 0 - p h e n a n t h r o l i n e  F e  e+, Co s+, 
Cu  2+ a n d  N P  + r e a c t i v a t e d  t h e  e n z y m e  (T ab l e  I I ) .  A c t i v i t y  
w a s  n o t  r e s t o r e d  b y  M n  e+, AP+,  B e  e+, B a  ~+, Cr  3+, Ca e+, 
BIB+, M g  2+, P b  e+, F e  3+, T h  4+, Sr  2+, Z n  e+, UO~ 2+ or  MoO42-.  
R e a c t i v a t i o n  w a s  n o t  a n  a r t i f a c t  c a u s e d  b y  c a t i o n i c  
d e s t r u c t i o n  of  s u b s t r a t e .  

P h e n y l p y r u v a t e  o x i d a s e  p r e t r e a t e d  w i t h  c h e l a t i n g  
a g e n t s  w a s  a lso  r e a c t i v a t e d  b y  c a t i o n s .  A f t e r  t r e a t m e n t  
w i t h  d i e t h y l d i t h i o c a r b a m a t e  N i  2+, Cu  2+, Cd  e+, A g +  a n d  
H g  ~+ r e a c t i v a t e d  i t ;  a f t e r  e t h y l x a n t h a t e  N i  2+, a n d  Ag+ ;  
a f t e r  1, 1 0 - p h e n a n t h r o l i n e  N i  2+, Co s+ a n d  Fee+;  a f t e r  ~, ~- 

d i p y r i d y l  Co S+, Z n  t+ a n d  Fee+;  a f t e r  8 - h y d r o x y q u i n o l i n e  
NP+ ,  Co S+, Cd  2+, H g  e+, F e  8+ a n d  Zn~+; a n d  a f t e r  p h e n y l -  
t h i o u r e a  N p + ,  Hge+  a n d  F e  e+ c a u s e d  r e a c t i v a t i o n .  T h e  
less  e f f e c t i v e  c h e l a t i n g  a g e n t s  r e s p o n d e d  less  to  a n  e x c e s s  
of  c a t i o n  t h a n  t h e  m o r e  e f f e c t i v e  ones .  

A f t e r  i n h i b i t i o n  b y  a l a r g e  e x c e s s  of  c h e l a t i n g  a g e n t s ,  a 
p o r t i o n  of  e n z y m e  w a s  d e s a l t e d  on  a s h o r t  c o l u m n  of  
S e p h a d e x  G 5 0  e t o  r e m o v e  e x c e s s  r e a g e n t  a n d  a n y  
c h e l a t e  f o r m e d  b y  r e m o v a l  of  a n  i on  f r o m  t h e  e n z y m e  
m o l e c u l e ,  a n d  t h e  e n z y m e  a c t i v i t y  w a s  m e a s u r e d .  W i t h  
e t h y l x a n t h a t e ,  1 , 1 0 - p h e n a n t h r o l i n e  a n d  d i e t h y l d i t h i o -  
c a r b a m a t e ,  76~ 920/o a n d  33~o of  p - h y d r o x y p h e n y l -  
p y r u v a t e  o x i d a s e  a c t i v i t y  r e s p e c t i v e l y  w a s  r e c o v e r e d ,  
w h e r e a s  3 0 % ,  5 5 %  a n d  5 %  of p h e n y l p y r u v a t e  o x i d a s e  
a c t i v i t y  r e s p e c t i v e l y  w a s  r e c o v e r e d .  A f t e r  p h e n y l t h i o u r e a ,  
80 % of  t h e  p h e n y l p y r u v a t e  o x i d a s e  a c t i v i t y  w a s  r e c o v e r e d .  
T h u s ,  t h e  a m o u n t  of  e n z y m e  t h a t  r e m a i n e d  i n a c t i v e  w a s  
d i r e c t l y  r e l a t e d  to  t h e  e f f e c t i v e n e s s  o f  t h e  c h e l a t i n g  

Table II. Inhibition of p-hydroxyphenjdpyruvate  oxidase activity by chelating agents; Reversal by cations 

Chelating agent 10 ~M  Etbylxanthate  7.5 ~zM Diethyldithio- 34~zM 1,10-Phenanthroline 
carbamate 

Concentration of cation (~zM) 33 33 67 

Cation Activity 

None 26 7 46 
Cu 2+ 87 94 77 
Cd 2+ 26 68 55 
Fe 2+ 20 8 73 
Co S+ 24 58 86 
Ni 2+ 25 79 87 
Hg ~+ 37 ~ 81 36 
Ag + 93 90 45 

The inhibitor was added to the assay solution in the final concentration shown, followed by addition of the enzyme. After incubation for 2 
min, the cation was added. All concentrations are those during assay. The observed activity was compared with that  when no inhibitor was 
used, and the results are expressed as a percentage of that  value. ~ The initial reaction rate corresponded to an activity of 67% ; the lower 
value later may  be due to inactivation by Ha +2. 
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Fraction Activity 
from p-hydroxy- Phenylpyruvate 
purification phenylpyruvate oxidase 

Fe Cu 

Protein Enzyme (~zmole/U) Protein 
(~zmole/g) (~xmole/g) 

Enzyme (~zmole/U) 

Homogenate 10.5 5.5 14.2 2.71 0.35 0.70 

(a) 28 35 0.98 0.029 0.32 0.0093 

(b) 55 100 1.32 0.025 0.51 0.0095 

(c) 158 210 0.65 0.0075 0.30 0.0043 

(d) 210 350 0.91 0.0072 0.54 0.0043 

(e) 465 590 1.21 0.0036 2.01 0.0059 

(f) 560 800 0.60 0.0010 2.8b 0.0052 

The activity is measured in units/g of protein in a typical preparation, but not the preparation used for metal assays. Portions of enzyme 
from each step of the purification were treated as described in the text, and assayed for metals. Because of the quantities required for assay 
the materials assayed eanle from different batches of enzyme. The concentration of metals was compared with the concentration of protein 
and the activity of p-hydroxyphenylpyruvate oxidase. 

agent .  Reac t i va t i on  dur ing  desa l t ing  suggested t h a t  the  
chela t ing  agen t  did no t  r emove  a ca t ion  f rom the  holo- 
enzyme.  To examine  th is  hypo thes i s  t he  enzyme eluted 
f rom Sephadex  af ter  inh ib i t ion  by  d i e t h y l d i t h i o c a r b a m a t e  
was t e s t ed  to  de t e rmine  w h e t h e r  t he  inac t ive  po r t i on  
could be  r eac t iva t ed  by  cations,  p - H y d r o x y p h e n y l -  
p y r u v a t e  oxidase ac t iv i ty  was res tored  by  the  same ions 
t h a t  res tored  ac t iv i ty  when  th is  inh ib i to r  was p resen t  in 
excess. Some of these  ions even in excess were ineffect ive 
in r eac t iva t ing  enzyme t h a t  had  been  inh ib i ted  by  o ther  
chela t ing  agents  which  means  t h a t  t h e y  d id  no t  act  by  
replacing a ca t ion  in the  apoenzyme.  Thus  i t  appears  t h a t  
the  enzyme forms a f i rm complex  wi th  tile chela t ing  
agent  wh ich  dissociates  incomple te ly  dur ing  passage  
t h rough  Sephadex.  The res idual  chMating agent  is t h e n  
r emoved  f rom the  enzyme molecule by  the  added  cat ion,  
thus  releasing act ive  holoenzyme.  Therefore,  the  meta l  in 
the  act ive  cent re  enzyme  is f i rmly  bound  to the  enzyme  
molecule_ 

The effect  of d i lu t ion on inh ib i t i on  was t e s t ed  b y  
mix ing  enzyme  wi th  an equal  vo lume of 1.2 m M  1, 10- 
phenan th ro l ine ,  and  d i f ferent  vo lumes  of t he  mix tu re  
were  assayed  for p - h y d r o x y p h e n y l p y r u v a t e  oxidase  
ac t iv i ty .  W h e n  0.1, 0.2, 0.3 and  0.5 ml  por t ions  were tes t -  
ed the  degree of inh ib i t ion  was 49%, 70~o, 81% and 89% 
respect ively .  If  1 molecule of che la t ing  agent  complexes  
w i th  1 enzyme  molecule t he  law of mass  ac t ion  pred ic t s  
t h a t  if there  is 70~o inhib i t ion  wi th  t he  0.2 ml  por t ion,  
there  should be 56~o, 78~o and 85~o inhib i t ion  wi th  0.1, 
0.3 and  0.5 ml  por t ions  respect ively ,  which  is in reasonable  
ag reemen t  w i th  t he  values  observed.  

D i e t h y l d i t h i o c a r b a m a t e  a n d  e t h y l x a n t h a t e  were t e s t ed  
a t  3.0 and  40 v M  concen t ra t ion  respec t ive ly  to  de t e rmine  
w h e t h e r  inh ib i t ion  was compet i t ive .  ]3oth inh ib i tors  
compe te  w i th  subs t ra te .  They  increased the  a p p a r e n t  K m  
for p h e n y l p y r u v a t e  by  a factor  of 2.8 and 4.0 respect ively ,  
and  tile K m  for p - h y d r o x y p h e n y l p y r u v a t e  by  a fac tor  of 
15 and  36 respect ively ,  w i thou t  hav ing  any  mark ed  
effect  onVmax. T h e y  did no t  compe te  w i t h  ascorbate  for 
p h e n y l p y r u v a t e  oxidase.  The chela t ing  agents  did no t  
inh ib i t  a ry lpy ruva t e  keto-enol  t au tomerase .  

The above  resul ts  suggest  t h a t  there  is a f i rmly  bound  
ca t ion  in t he  enzyme  molecule. E n z y m e  p repa ra t ions  were 
therefore  examined  for some of the  meta l  ions t h a t  reac-  
t i va t e  inh ib i t ed  enzyme,  i.e. Cu, Cd, Ni, Fe, and  Co. Pr ior  
to assay, the  enzyme  was t r ea t ed  wi th  0.1 volume of 

2.5% E D T A  at  p H  5.5 sa tu ra t ed  wi th  1, 10-phenanthro-  
line to  r emove  loosely bound  cat ions dur ing  passage 
th rough  Sephadex.  Af te r  passage th rough  Sephadex  i t  
was we t  ashed wi th  sulfuric acid and  the  res idue was as- 
sayed  for m e t a l s .  Cobalt ,  nickel and  c a d m i u m  were no t  
detected,  b u t  copper  and iron were a lways p resen t  (Table 
III) .  Af ter  the  removal  of cy tochromes  in s tep (a), the  
iron con ten t  did no t  change apprec iab ly  on a weight  basis, 
bu t  decreased s tead i ly  on the  basis of enzyme act iv i ty .  
Af ter  r emova l  of caeruloplasmin in s tep (c), the  copper  
concen t ra t ion  rose marked ly  on a weight  basis, and  s l ight ly  
on the  basis of enzyme act iv i ty .  The a m o u n t  of copper  
in a p h o s p h a t e  buffer  t aken  th rough  the  whole proce- 
dure  was no t  more  t h a n  in the  reagen t  blank.  The 
m a x i m u m  copper  content ,  however,  did no t  a m o u n t  to 
more  t h a n  0.1 mole /mole  of protein ,  based on a M. W. 
of abou t  40,000. Thus,  if th is  enzyme  conta ins  copper,  
e i ther  i t  is sti l i  ve ry  impure,  or else i t  loses copper  irre- 
vers ib ly  dur ing  pur i f icat ion.  The earl ier  claim u t h a t  
Fe e+ is essent ial  for enzyme ac t iv i ty  was p r o b a b l y  based 
on an a r t i fac t  12 

Zusammen/assung. Die H e m m u n g  der  P h e n y l p y r u v a t -  
und  p - H y d r o x y p h e n y l p y r u v a t - O x y d a s e n  durch  Chelat-  
Wirks tof fe  wurde  of fenbar  durch  die Bi ldung eines 
E n z y m - W i r k s t o f f - K o m p l e x e s  verursacht ,  der  bet  Be- 
h an d l u n g  mi t  K a t i o n e n  oder  mi t  Sephadex  t r e n n b a r  
ist. Die Rein igung  des E n z y m s  f i ihr t  zur Kupferanre i -  
cherung des Pr~iparates, welches eine scheinbar  funk-  
t ionelle E inhe i t  mi t  dem E n z y m  bildet .  
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