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SUMMARY 

Cata ly t . i c  hydrogenation of ochra toxin  A by c a r r i e r - f r e e  

5 t r i t i u m  was used t o  prepare  H-ochratoxin B wi th  a high 

s p e c i f i c  a c t i v i t y .  Iod ina t ion  of ochra toxin  B by c a r r i e r - f r e e  

N a ’  251 us ing  t h e  chloramine method y ie lded  ’ 251-ochratoxin 

with a h igh  s p e c i f i c  a c t i v i t y .  Another 1251-der iva t ive  of 

ochra toxin  A was prepared by i o d i n a t i o n  of an ochra toxin  A - L- 

- tyros ine-methyles te r  conjugate .  A l l  t h r e e  r a d i o a c t i v e  p r e -  

p a r a t i o n s  w e r e  found t o  be u s e f u l  f o r  radioimmunoassay. 

K e y  words: Ochratoxin A and B ,  l a b e l l i n g ,  t r i t i a t i o n ,  

r a d i o i o d i n a t i o n ,  ty ros ine-methyles te r  conjugate  

INTRODUCTION 

Ochratoxins  a r e  secondary me tabo l i t e s  of va r ious  fung i ,  

e . g .  Aspe rg i l l u s  ochraceus Wilhelm. They are mycotoxins 

which cause  a v a r i e t y  of endemic d i s e a s e s ,  both of animals  

and of humans, a f t e r  i n t a k e  of contaminated food o r  fodder .  
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T h i s  s t u d y  is  c o n c e r n e d  w i t h  t h e  p r e p a r a t i o n  o f  

o c h r a t o x i n  d e r i v a t i v e s  label led w i t h  3H or  1251 w i t h  

a h i g h  s p e c i f i c  a c t i v i t y  which  makes them u s e f u l  a s  

r a d i o l i g a n d s  i n  r a d i o i m u n o a s s a y .  

The p r e p a r a t i o n  o f  n o n s p e c i f i c a l l y  l a b e l l e d  

3H-ochra toxin  A b y  c a t a l y t i c  exchange  w a s  d e s c r i b e d  by 

Chang and  Chu ( 1 )  who o b t a i n e d  a p r e p a r a t i o n  w i t h  a s p e -  

c i f i c  a c t i v i t y  o f  96 - 111 GBq/mmol. 3H-Ochratoxin w i t h  

a s p e c i f i c  a c t i v i t y  of 3 .7  TBq/mmol label led i n  t h e  phenyl -  

a l a n i n e  moie ty  of t h e  m o l e c u l e  h a s  r e c e n t l y  b e e n  described 

by H u l t  ( 2 )  who u s e d  c o n d e n s a t i o n  o f  o c h r a t o x i n L w i t h  

3H-pheny la l an ine  e t h y l  ester. 

Our method of p r e p a r a t i o n  of 3H-ochra toxin  i n c l u d e s  

a c a t a l y t i c  h y d r o g e n o l y s i s  o f  a c h l o r i n e  atom i n  t h e  mo- 

l e c u l e  of o c h r a t o x i n  A 
3 1 I which  y i e l d s  (5- H l o c h r a t o x i n  B 

2a - - 

COOH 

H3 I CL 

1 - 

On u s i n g  c a r r i e r - f r e e  t r i t i u m  w e  o b t a i n e d  t h e  

p r o d u c t  w i t h  a y i e l d  of 70 .6  % a n d  a s p e c i f i c  a c t i v i t y  

o f  1 . 1 2  TBq/mmol. 

N o n r a d i o a c t i v e  o c h r a t o x i n  B 2b I when i o d i n a t e d  

a c c o r d i n g  t o  Hun te r  and  Greenwood, y i e l d s  c a r r i e r - f  ree 

f5- ’251]ochra toxin  B - 3 w i t h  a r a d i o c h e m i c a l  y i e l d  of 34 %. 
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c H 3  
I 

125 
I 

3 - 

The t h i r d  r a d i o a c t i v e  product  2 w a s  ob ta ined  by 

i o d i n a t i o n  of t h e  conjugate  5 of ochra toxin  A w i t h  

L- tyros ine  methyles te r .  

1 +  

FH2 

Ch-  
I 

HZ 
.. .  . 

5 - 

CI J 

All t h r e e  r a d i o a c t i v e  compounds w e r e  found t o  be 

u s e f u l  as r ad io l igand  f o r  radioimmunoassay. 

EXPERIMENTAL 

The work w a s  performed wi th  ochra toxin  A (SERVA) 

and Na1251 ( I so tope  Product ion and Reactor Cent re ,  Poland) .  
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TLC w a s  carr ied o u t  on DC A l u f o l i e n  K i e s e l g e l  60F 254 

d e t e c t i o n  w a s  done  a t  254 and  366 nm u n d e r  a UV-lamp. 

(Merck) ,  

T r i t i u m  a c t i v i t y  w a s  measured  on  Beckman LS 7800. 

1251 a c t i v i t y  w a s  measured  on Beckman Gamma 8500 c o u n t e r .  

The r a d i o c h e m i c a l  p u r i t y  o f  t h e  (5- H]ochratoxin B w a s  

s t a t e d  u s i n g  TLC l i n e a r  a n a l y s e r  Berthold LB 2832. 

3 

Mass s p e c t r o m e t r y  w a s  carried o u t  o n  Jeol  M S  100 

or MAT 4 4 s  i n s t r u m e n t s ,  NMR s p e c t r o m e t r y  on V a r i a n  VXR-400, 

and UV s p e c t r o m e t r y  w a s  carried o u t  on  Specord  UV/VIS. 

3 f5- H jOchra tox in  B 2a 

P T o  t h e  s o l u t i o n  o f  1 . 1  mg o c h r a t o x i n  A i n  200  

methanol  w a s  added 9 mg sodium acetate  and  10.6 mg 1 0  % 

Pd/BaS04 and  t h e  m i x t u r e  w a s  h y d r o g e n a t e d  w i t h  c a r r i e r - f r e e  

t r i t i u m  f o r  30 min. Repea ted  l y o p h i l i z a t i o n  o f  t h e  s o l v e n t  

( 1 .  me thano l ,  2 .  t - b u t a n o l  : H 0 = 9 : 1 )  removed l a b i l e  

r a d i o a c t i v i t y .  The r e s i d u e  w a s  dissolved i n  m e t h a n o l ,  t h e  

c a t a l y s t  w a s  removed b y  c e n t r i f u g a t i o n  and  t h e  m i x t u r e  w a s  

p u r i f i e d  b y  p r e p a r a t i v e  TLC ( c h l o r o f o r m  : e t h y l  acetate  : 

: f o r m i c  acid = 6 0  : 40 : 1 ) .  The zone  c o r r e s p o n d i n g  t o  

/3H]ochratoxin B w a s  e l u t e d  w i t h  me thano l  and  t h e  m a s s  of t h e  

p r o d u c t  w a s  measured  b y  UV s p e c t r o m e t r y .  The y i e l d  of f Hlochra -  

t o x i n  B w a s  0.76 mg (70 .6  % )  w i t h  a s p e c i f i c  a c t i v i t y  of 

1 . 1 2  TBq/mmol. The p u r i t y  of t h e  p r o d u c t  w a s  v e r i f i e d  b y  

a n a l y t i c a l  TLC i n  t h e  s y s t e m s  c h l o r o f o r m  : e t h y l  acetate : 

: f o r m i c  acid = 60 : 40 : 1 a n d  b e n z e n e  : methano l  : ace t ic  

acid = 9 0  : 5 : 5. The p r o d u c t  c o r r e s p o n d e d  t o  t h e  non- 

r a d i o a c t i v e  s t a n d a r d  o f  o c h r a t o x i n  B a n d  c o n t a i n e d  no  

r a d i o a c t i v e  i m p u r i t i e s .  

[5-1251]Ochratoxin 3 3 

2 

3 

To 10 pl s o l u t i o n  o f  o c h r a t o x i n  B i n  d i o x a n e  ( 1  mg/5 m l )  

was added 1 0  pl 0.05 M p h o s p h a t e  b u f f e r  (pH 7 . 5 ) ,  10  pl 
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c a r r i e r - f r e e  Na1251 (37 MBq) and 10 1 s o l u t i o n  of chloramine 

T i n  0.05 M phosphate b u f f e r  ( 5  mg/ml). The mixture  w a s  

a g i t a t e d  f o r  3 min and t h e  r e a c t i o n  w a s  then  s topped by 

t h e  a d d i t i o n  of 10 pl s o l u t i o n  of sodium h y d r o s u l p h i t e  i n  

0.05 M phosphhte b u f f e r  (5  mg/ml). The product  w a s  e x t r a c t e d  

with 2 x 100 rl e t h y l  acetate and i s o l a t e d  by p r e p a r a t i v e  

TLC i n  t h e  s y s t e m  chloroform : e t h y l  acetate : formic a c i d  

( 6 0  : 4 0  : 1 ) .  Product  zone w a s  d e t e c t e d  by 

au toradiography and e l u t e d  wi th  methanol.  The radiochemical  

y i e l d  of t h e  i o d i n a t i o n  w a s  4 2  8 .  The radiochemical  p u r i t y  

of t h e  product  was v e r i f i e d  by a n a l y t i c a l  TLC (benzene : metha- 

n o l  : a c e t i c  a c i d  = 90 : 5 : 5 )  and by fo l lowing  au toradiography.  

N o  d e t e c t a b l e  r a d i o a c t i v e  i m p u r i t i e s  w e r e  found. 

P 
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Conjugate of o c h r a t o x i n  A with L- tyros ine  m e t h y l e s t e r  4 

To t h e  s o l u t i o n  of 2 0  mg o c h r a t o x i n  A i n  1 m l  d ioxane 

w a s  added 18 pl t r i b u t y l a m i n e  and 7 pl i sobuty lch loroformate .  

The mixture  was s t i r r e d  f o r  1 h i n  an ice-co ld  b a t h  and 

supplemented dropwise wi th  a s o l u t i o n  of  19.5 mg L- tyros ine  

methyl ester i n  1 m l  d ioxane ,  and a f t e r  a n o t h e r  4 h under 

s t i r r i n g  a n o t h e r  5 mg L- tyros ine  methyl es ter .  The s o l v e n t  

w a s  removed by evapora t ion  on t h e  n e x t  day,  t h e  r e s i d u e  w a s  

d i s s o l v e d  i n  10 m l  e t h y l  a c e t a t e  and e x t r a c t e d  wi th  1 N HC1,  

s a t u r a t e d  s o l u t i o n  of  N a H C 0 3  and w a t e r .  A f t e r  dry ing  and 

removing e t h y l  a c e t a t e  by evapora t ion  w e  o b t a i n e d  20  mg 

r e s i d u e  which was p u r i f i e d  by p r e p a r a t i v e  TLC i n  t h e  s y s t e m  

chloroform : e t h y l  acetate : formic a c i d  ( 6 0  : 4 0  : 1 ) .  

Two zones w e r e  s e p a r a t e d  ( 1 2  mg; 4 .6  mg) and t h e i r  s a m p l e s  

w e r e  s u b j e c t e d  t o  h y d r o l y s i s  by HCL ( 4  h ,  1 1 0  * C ) .  Both 

i s o l a t e d  products  w e r e  found t o  c o n t a i n  t y r o s i n e  and 

phenyla lan ine  (TLC i n  t h e  s y s t e m  BuOH : CH3COOH : H 2 0  = 

= 4 : 1 : 1,  d e t e c t i o n  with 0 . 2  % ninhydr in  i n  a c e t o n e ) .  
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B o t h  p r o d u c t s  i a ,  i b  w e r e  p u r i f i e d  b y  p r e p a r a t i v e  TLC 

i n  t h e  s y s t e m  b e n z e n e  : methanol : acet ic  ac id  = 2 0  : 1 : 1 .  

Mass s p e c t r o m e t r i c  a n a l y s i s  of t h e  compound !a d e m o n s t r a t e d  

t h e  p r e s e n c e  of i o n s  m/z 581 and 5 3 7  w h i c h  c o r r e s p o n d  t o  p r o -  

t o n a t e d  m o l e c u l e s  and ions  (MH m i n u s  C 0 2 ) .  The  m o s t  f r e q u e n t  

among n e g a t i v e  ions  a r e  ions  w i t h  m/z 2 5 5  ( 1 0 0  % )  a n d  

254 ( 5 0  % ) ,  both o f  t h e m  p r o b a b l y  c o n t a i n i n g  one c h l o r i n e  

atom, a n d  i o n s  w i t h  m/z 580  ( 4 0  %, M - . ) ,  579 ( 3 5  % ( M - H ) - )  

a n d  544 ( 4 0  %, ( M - H C l ) - ' ) .  The chemical i o n i z a t i o n  s p e c t r a  

show t h a t  t h e  s u b s t a n c e  has  a m o l e c u l a r  w e i g h t  of 5 8 0  w h i c h  

i s  i n  k e e p i n g  w i t h  t h e  p r o p o s e d  s t r u c t u r e  o f  t h e  condensat-  

i o n  p r o d u c t .  

' H  NMR ( 4 0 0  MHz, CDC13 ,  TMS 

1 .581  d (3H, H-9, J ( 8 , 9 )  = 6.4) ; ;2  

J ( 7 a ,  7 b )  = 1 7 . 4 ,  J ( 7 a ,  8 )  = 1 1 . 7  

J ( 2 " ,  

J ( 2 * ,  

J ( 2 - ,  

J ( 7 a ,  

4 . 7 9 0  

= 6 . 4  

J ( 2 " .  

2 5  ' C )  o f  t h e  compound 4a: 

8 3 1  dd ( I H ,  H-7a, 

; 2 . 8 7 0  dd ( I H ,  H-3"a,  

J ( 2 " , 3 " a )  = 5 . 8 ,  J ( 3 " a ,  3 " b )  = 1 4 . 0 ) ;  3 . 0 2 5  dd ( I H ,  H-3"b, 

3 " b )  = 5 . 2 ,  J ( 3 " a ,  3 " b )  = 1 4 . 0 ) ;  3 .146  dd ( I H ,  H - 3 - a ,  

3 * a )  = 7 . 2 ,  J ( 3 * a ,  3 - b )  = 1 3 . 9 ) ;  3 . 2 1 0  dd ( I H ,  H - 3 - b ,  

3 - b )  = 6 . 9 ,  J ( 3 - a ,  3 - b )  = 1 3 . 9 ) ;  3 . 2 8 0  dd ( l H ,  H-7b, 

7 b )  = 1 7 . 4 ,  J ( 7 b , 8 )  = 3 . 4 ) ;  3 . 6 8 3 s  (3H, COOCH3); 

d d q  ( I H ,  H - 8 ,  J ( 7 a ,  8 )  = 1 1 . 7 ,  J ( 7 b ,  8 )  = 3 . 4 ,  J ( 8 ,  9 )  = 

; 4 . 8 0 7  m ( l H ,  H-2", J ( 2 " ,  3 " a )  = 5.8,  J ( 2 " , 3 " b )  = 5 . 2 ,  

I - )  = 8 . 0 ) ;  4 . 9 1 2  m ( l H ,  H-2,- J ( 2 - ,  3 - a )  = 7 . 2 ,  J ( 2 - , 3 - b )  = 

= 6 . 9 ,  J ( 2 - ,  1 1 )  = 7 . 3 ) ;  6 .534  a n d  6 . 7 2 9  AAeBB-(4H, H-5", 

6 " , 8 " , 9 " ,  J ( A B )  + J ( A B - )  = 8 . 5 ) ;  7 .200-7 .330  m (5H, H - 5 - , 6 - ,  

7 - ,  8 - ,  9 * ) ;  8 . 3 5 3  d ( I H ,  H-11, J ( 2 - ,  1 1 )  = 7 . 3 ) ;  8 . 3 6 2 s  

( I H ,  H-5) .  

'H NMR ( 4 0 0  MHz, CDC13, TMS, 2 5  ' C )  of t h e  compound 4b: 
1 . 6 0 4 d  (3H, H-9, J ( 8 , 9 )  = 6 . 3 ) ;  2 . 8 6 7 d d  ( I H ,  H-7a, J ( 7 a , 7 b )  = 

= 1 7 . 4 ,  J ( 7 a , 8 )  = 1 1 . 6 ) :  2 .951dd ( I H ,  H-3"a,  J ( 3 " a f 3 " b )  = 

= 1 4 . 1 ,  J ( 2 " , 3 " a )  = 6 . 2 ) ;  2 .989dd (lH, H-3"b, J ( 3 " a , 3 " b )  = 
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= 14.1 ,  J ( 2 " , 3 " b )  = 5 . 6 ) ;  3. 

J ( 3 * a ,  3 'b )  = 1 4 . 0 ) ;  3.239dd 

J ( 3 - a ,  3 - b )  = 1 4 . 0 ) ;  3 .288dd 

37dd (1H,H-3-a, J ( 2 - , 3  

( lH,H-3-b ,  J ( 2 - , 3 - b )  = 

( lH ,  H-7b, J ( 7 a r 7 b )  = 

a )  = 6 . 4 ,  

6 .8 ,  

7.4, 

J ( 7 b , 8 )  = 3 . 4 ) ;  3 .692s  (3H, COOCH3); 4.764m ( lH ,  H-8, 

J ( 7 a r 8 )  = 11.6 ,  J ( 7 b r 8 )  = 3 .4 ,  J ( 8 , 9 )  = 6 . 3 ) ;  4.809m ( l H ,  

H-2", J ( 2 " , 3 " a )  = 6 . 2 ,  J ( 2 " , 3 " b )  = 5 . 6 ,  J ( 2 " , 1 1 " )  = 7 . 9 ) ;  

4.931m (lH,H-2-,  J ( 2 - , 3 - a )  = 6.4 ,  J ( 2 - , 3 % )  = 6 .8 ,  

J ( 2 - , 1 1 - )  = 7 . 8 ) ;  6.467d ( lH ,  H-11; J ( 2 - ,  11 -1  = 7 . 9 ) ;  

6.550 a n d  6.720 A A - B B - ( 4 H r  H-5", 6 " , 8 " , 9 " ,  J ( A B )  + 

+ J ( A B - )  = 8 . 2 ) ;  7.190-7.320m (5H, H-5-, 6 - r  7'r 8 ' ,  9 - 1 ;  

8 .353d (lH,H-11, J ( 2 * , 1 1 )  = 7 . 8 ) ;  8 . 3 7 2 s  (1H,H-5). 

Observed 'H  NMR s p e c t r a  of both compounds a g r e e  w i t h  

t h e  s t r u c t u r e  of t h e  c o n j u g a t e  of o c h r a t o x i n  A and  t y r o s i n e  

m e t h y l  ester.  Smal l  d i f f e r e n c e s  i n  c h e m i c a l  s h i f t s  a n d  c o u p l -  

i n g  c o n s t a n t s  of t y r n s i n e  a l i p h a t i c  p r o t o n s  i n d i c a t e  a n  

i n v e r s i o n  o f  c o n f i g u r a t i o n  a t  C-2" d u r i n g  t h e  c o n d e n s a t i o n .  

The c o n j u g a t e  &a w a s  r a d i o i o d i n a t e d  i n  t h e  same way as  

o c h r a t o x i n  B.  R e a c t i o n  t i m e  w a s  90  s, p r o d u c t  w a s  i s o l a t e d  

by TLC i n  t h e  same s y s t e m ,  r a d i o c h e m i c a l  y i e l d  w a s  34 %. 
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