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SUMMARY 

14C-0chratoxin A s obtained by coupl ing t h e  N-hydroxy- 
succinimide d e r i v a t i v e  o f  t h e  l a c t o n e  a c i d  h y d r o l y s a t e  o f  
na tu ra l  och ra tox in  A w t h  14C-L-8-phenylalanine methylester. 
14C-Ochratox in  A inethy lester  i s  converted i n t o  14Gochrato-  
x i n  A by a l k a l i n e  hyd ro l ys i s .  P u r i f i c a t i o n  o f  t h e  in termedi -  
a t e s  and t h e  14C-och ra tox in  A i s  achieved by HPLC. For an 
amount o f  0.05 pmole L-6-phenylalanine methy lester  t h e  y i e l d  
o f  ochratox in  A i s  0.02 pmole o r  40 % and t h e  s p e c i f i c  a c t i -  
v i t y  130 Ci/mole. S t e r e o s p e c i f i c i t y  i s  100 % and radiochemi- 
c a l  p u r i t y  is 96 9 6 .  

The y i e l d  o f  1%-ochratoxin A increases w i t h  increas ing 
amounts o f  14C-L-pphenylalanine methy lester  and reaches 80% 
under the  best condi t ions.  
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INTRODUCTION 

The ochratox ins c o n s t i t u t e  a qroup o f  chemical ly c l o s e l y  r e l a t e d  secondary 

m e t a b o l i t e s  produced by species o f  t he  genera A s p e r y i l l u s  and Pen ic i l l i um.  They 

are isocoumarin compounds l i n k e d  by an amide bond t o  L -6 -pheny la lan ine .  The 

ochratox ins and t h e  corresponding methyl and e thy les te rs  have been i s o l a t e d  fran 

fungal cu l tu res .  Beside nephropathies they cause l i v e r  disease and oncogenic and 

t e r a t o g e n i c  e f f e c t s  i n  t e s t  animals (1,2). Ochratoxin A (F ig .  1) i s  t h e  major 

me tabo l i t e  w i t h  respect  t o  both occurrence and t o x i c i t y . .  The presence o f  t h i s  
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t o x i n  i n  food products f o r  human and animal conswnption has l e d  t o  an increased 

i n t e r e s t  i n  the d e v e l o p e n t  o f  r a p i d  and s e n s i t i v e  techniques (3,4). 

ftadioimmunoassay (KIA) i s  such a r a p i d ,  simple and s e n s i t i v e  method. Thus 

f a r  t o  ou r  knowledge o n l y  one K I A ,  u s i n y  3H-ochratoxin A, has been described 

( 5 ) .  The p repara t i on  o f  3H-ochratoxin A was achieved by hydrogen exchange reac- 

t i o n  ( 6 ) .  The radiochemical y i e l d  was r a t h e r  low and long-term s t a b i l i t y  of t h e  

1 abeled compound was not  t h o r o u y h l j  invest igated.  

The purpose o f  t h e  present study was t o  synthesize a 14C-ochratoxin A w i t h  

a h igh  s p e c i f i c  a c t i v i t y  and a h igh  s t a b i l i t y .  

because L-[ U-14CI-B-phenyl a1 a n i  ne w i t h  s u f f i c i e n t  s p e c i f i c  a c t i v i t y  i s  

commercially a v a i l a b l e  we have i n v e s t i g a t e d  t h e  coupl ing o f  t h e  N-hydroxysucc i -  

n in i i de  (NHS) d e r i v a t i v e  o f  t h e  l a c t o n e  ac id  hydro lysate o f  ochratox in  A w i t h  

14C-L-B-phenylalanine n ie thy lester  v i a  an anide bond. 

The lactone ac id  i s  obta ined by ac id  h y d r o l y s i s  o f  na tu ra l  ochratox in  A. It 

i s  i s o l a t e d  by e x t r a c t i o n  i n  chloroform. Subsequently t h e  l ac tone  ac:d i s  cou- 

p led w i t h  N-hydroxysuccinirnide (NHS) i n  t h e  presence o f  dicyclohexylcarbodiiniide 

( O C C )  . The NHS-lactone d e r i v a t i v e  i s  t r e a t e d  w i t h  14C-L-B-phenylalanine methy l -  

e s t e r  i n  d r y  p y r i d i n e  t o  form 14C-ochratoxin H methy lester ,  which i s  then con- 

ve r ted  i n t o  1%-ochratoxin A by a l k a l i n e  hydro lys is .  

MATEK I ALS 

O c h r a t o x i n  A i s  ob ta ined  f r a n  Janssen Chimica. L-LU-14C]-phenylalanine i s  

purchased from he rsham I n t e r n a t i o n a l .  S p e c i f i c  a c t i v i t y  i s  496 Ci /mole.  A l l  

o ther  chenicals are e i t h e r  a n a l y t i c a l  grade or chemical ly  pure. 

Ce l l u lose  t h i n - l a y e r  p l a t e s  ( th i ckness  0.1 mm) and S i l i c a  gel 60 t h i n - l a y e r  

p l a t e s  ( th ickness 0.25 mm) a re  obtained f r a n  Merck. 

A model 1040 Pye Unicam h igh  p r e s s u r e  l i q u i d  chromatograph w i t h  a RP-18 

Lichroma column, 250 by 4 mm, p a r t i c l e  s i z e  1 0 ~  , w i t h  a model 1020 Pye Unicam 

U.V. and a Pye Unicam f luorescence detector  ( e x c i t a t i o n  f i l t e r s  7 - 5 4  + 7-60 - 
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emission filters 4-76 + 3-72) and a Pharmacia Fine Chemicals Fraction Collector 

FKAL-1UU is used for analytical and preparative separations. 

The radioactivity measurements are carried out with a Packard Tri-Carb 

Model 3390 liquid scintillation spectrometer. 

EXPERIMENTAL 

Preparation of lactone acid 

The lactone acid i s  obtained by acid hydrolysis o f  natural ochratoxin A. 

Ochratoxin A (15 mg) is suspended in 25 ml concentrated HC1 and refluxed for 28 

hrs under nitrogen. Chloroform extraction of the mixture yields the lactone acid 

or 5-chloro-8-hydroxy-3,4-dihydro-3-methylisocoumarin-7-carboxylic acid as des- 

cribed by Van Uer Merwe et al. (7). 

Prior to chloroforrri extraction a known mount of L-[il-14C]-phenylalanine i s  

added to the hydrolysate to check the quantitative elimination of L-8-phenylala- 

nine. Washing of the chloroform phase with water is continued until no further 

14C-activity in the organic phase is detected, 

Cl 

o c h r a t o x i n  A 

Cl 

l ac tone  acid L- p- p h en y I a I a ni n e 

Fig. 2 .  Hydrolysis o f  ochratoxin A 
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The e l i m i n a t i o n  o f  L-6-phenylalanine i s  a l so  checked i n  t h e  aqueous phase 

by TLC. The aqueous phase i s  adjusted t o  pH 5.8 w i t h  NaUH. A known f r a c t i o n  i s  

spot ted on a c e l l u l o s e  p la te .  The p l a t e  i s  developed i n  butanol : water : ace t i c  

a c i d  ( 4 : 1 : 1 ,  v / v ) ,  d r i e d ,  sprayed w i t h  n i n h y d r i n  reagent and heated a t  110 "C 

f o r  10 min. Spots are compared w i t h  s tandards  t r e a t e d  i n  t h e  same Wdy a s  t h e  

water phase. 

A f t e r  e l i m i n a t i o n  o f  L-B-phenylalanine t h e  c h l o r o f w m  i s  evaporated w i t h  a 

n i t rogen  stream a t  room-temperature. The y i e l d  i s  9.5 mg. 

Preparat ion o f  N-hydroxysuccinimide d e r i v a t i v e  o f  t h e  l ac tone  a c i d  

9.5 niy l ac tone  ac id  i s  t r e a t e d  w i t h  142.5 my NHS and 285 my bCC i n  1 m l  dry  

d ioxane  a t  4 "C f o r  1 /2 hr and subsequently a t  room-temperature f o r  12 hrs .  The 

r e a c t i o n  i s  shown i n  F ig .  3. 

N H S  DCC l a c t o n e  a c i d  

CI 

N H S - l a c t o n e  d e r i v a t i v e  N -N'- d i cyc lo h e x  y I u r e  a 

Fig. 3. Preparat ion o f  NHS-lactone d e r i v a t i v e  

The N-N'-dicyclohexylurea p r e c i p i t a t e s .  C e n t r i f u y a t i o n  i s  c a r r i e d  o u t  and 

t h e  superna tan t ,  wh ich  c o n t a i n s  t h e  NHS- lactone d e r i v a t i v e  i s  separated. To 

c o l l e c t  a l l  t,races o f  NHS-lactone d e r i v a t i v e  t h e  p r e c i p i t a t e  i s  washed t w i c e  

w i t h  0.5 m l  dry  dioxane and centr i fuyed.  A l l  dioxane po r t i ons  are pooled ( t o t a l  

volume 2 n i l )  and i n j e c t e d  i n  severa l  100 ~1 f r a c t i o n s  on a HP-18 HPLL' column i n  

o r d e r  t o  s e p a r a t e  t h e  NHS-lactone d e r i v a t i v e  frm t h e  excess o f  NHS and DLC.  

The e luates are c o l l e c t e d  w i t h  a f r a c t i o n  c o l l e c t o r .  The so lvent  i s  methanol : 
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NHS-lactone derivative D 
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Fig. 4. Chromatogran o f  NHS-lactone d e r i v a t i v e ,  NHS and DCC 

water : ace t i c  ac id  (70:30:1, v /v)  a t  a f l ow  r a t e  o f  1.3 ml/min. The NHS-lactone 

d e r i v a t i v e  i s  c o l l e c t e d  from 1.8 t o  3.4 m l  (+ 2 min). The so lvent  i s  evaporated 

i n  a n i t rogen  stream a t  room-temperature. NHS and DCC can no t  be detected w i th  a 

f l u o r e s c e n c e  d e t e c t o r .  U . V .  d e t e c t i o n  g i ves  a NHS-peak a t  about 1 min. and a 

DCC-peak a t  about 4 min (F ig .  4). 

Preparat ion o f  14C-L-B-phenyl a1 an1 ne methyl es te r  

L-LU-I4C] p h e n y l a l a n i n e  (0.05 p o l e )  i s  t r e a t e d  w i t h  8 m l  o f  a :s ix ture o f  

methanol and t h i o n y l c h l o r i d e  ( l O : l ,  v / v )  a t  0 "C f o r  1 h r  and subsequently k e p t  

f o r  ano the r  16 h r s  a t  room-temperature a f t e r  which t h e  r e a c t i o n  i s  completed. 

The s o l u t i o n  i s  evaporated i n  vacuun a t  room-temperature. 
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The e s t e r i f i c a t  

t i o n  m ix tu re  on a ce l  

on process i s  v e r i f i e d  by s p o t t i n g  an a l i q u o t  o f  t he  reac-  

u lose TLC p l a t e  and developing the  p l a t e  i n  methanol  ;wa- 

t e r : p y r i d i n e  (80:20:4, v / v ) .  A good separat ion between L-6-phenylalanine and the  

corresponding inethylester i s  obta ined (spots  are v i s i b l e  under U.V. l i y h t ) .  To 

determine the end o f  t he  e s t e r i f  i c a t i o n  process accurate ly  the  spots are scraped 

o f f  and counted f o r  r a d i o a c t i v i t y .  

Preparat ion o f  1%-ochratoxi n A 

The NHS- lactone d e r i v a t i v e  i s  dissolved i n  100 p1 dry  p y r i d i n e  and cooled 

a t  4 "C.  This s o l u t i o n  i s  added t o  U.05 wnole 14C-L-f3-pt~enylalanint! ri iethyIester 

and the  m ix tu re  i s  shaken'for 24 h rs  a t  4 "C. 

To c o n v e r t  1 4 C - o c h r a t o x i n  A m e t h y l e s t e r  i n t o  14Gochra tox in  H 40 !~ l  1 N 

NaOH i s  added t o  the s o l g t i o n  (F ig .  5) .  A f t e r  1 h r  a t  4 "C t he  r e a c t i o n  i s  com- 

p l e t e d  and ctie s o l u t i o n  inJected i n  t h e  HPLC equipped w i t h  a KP-18 coluiiin and a 

t r a c t i o n  c o l l e c t o r .  The 14C-ochratoxin A peak i s  c o l l e c t e d  and t h e  so lvent  eva- 

porated i n  vacuwi a t  room-temperature. The f i n a l  product i s  d i s s o l v e d  i n  10 m l  

benzene. 

Cl 

$4 
NHS- lactone derivative C-L-B- phenylalanine methylester 

'COOCH, 0 OH 

NaOH 

* .  

CI 

14 
C - ochratoxi n A methylester 

*COOH 0 OH 

a .  
CH3 

CI 

C -0chratoxi n A 1. 

Fiy.  5. 1%-ochratoxin A synthes is  

*Possible l o c a t i o n  o f  l abe l  
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Fig. 6. Chromatograin of 14C-ochra toxi  n A i n e t h y l e s t e r  and 14C-ochratoxin A. 

Solvent : methanol : water : a c e t i c  a c i d  (70:30:1,  v / v )  f low r a t e  1 . 3  

ml/min. 

The a l k a l i n e  hydrolysis  i s  followed by i n j e c t i n g  f r a c t i o n s  of the reac t ion  

m i x t u r e  i n  t h e  H P L C .  1 ' k - o c h r a t o x i n  A and the  correspondiny methylester a r e  

completely separated (Fig.  6 ) .  

RESULTS 

Stereospec i f ic i ty  of 14C-ochratoxin A 

When the synthes is  o f  ochratoxin A is  car r ied  out with a racemic mixture of 

DL-6-phenjlalanine i n s t e a d  of  L-6-phenylal a n i n e  two peaks a r e  a b t a i n e d  f o r  

ochrdtoxin A (Fiy. 7 ) .  

Fig. b shows only one peak of 14C-ochratoxin A. So it can be concluded t h a t  

t h e  ochratoxin A i s  100 % s t e r e o s p e c i f i c  . 

ochratoxin A 

L 
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detect ion 
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Fig. 7. Chromatogram o f  UL ochratoxin A. Solvent . methanol : water  : a c e t i c  

acid (70:30:1, v / v )  flow r a t e  1 . 3  ml/niin. 

Radiochemical yuri t y  

Radiochemical p u r i t y  i s  determined by TLC on s i l i c a  ye1 with a mixture of 

benzene : methanol : a c e t i c  acid (80:10:10, v/v) a s  s o l v e n t .  From t h e  d a t a  o f  

the chranatogram the radiochgnical puri ty  i s  ca lcu la ted  as  96 %. 

Speci t ic  a c t i v i t y  

'The c a r r i e r  content  o f  the f i n a l  so lu t ion  i s  determined by HPLC on a KP-18 

column and with f luorescence  d e t e c t i o n .  I t  i s  c a l c u l a t e d  from a c a l i b r a t i o n  

curve and found t o  be 0.02 urnole . 
Absolu te  a c t i v i t y  o t  t h e  f i n a l  ochratoxin A so lu t ion  i s  determined by i i -  

q u i d  s c i n t i l l a t i o n  counting. A ca l ibrd ted  sarlrple o f  14Gtoluene  i s  used as the  

in te rna l  standard. An absolute  a c t i v i t y  of  2.6 l iCi  i s  found.  So t h e  s p e c i f i c  

a c t i v i t y  i s  130 Ci/mole. 
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Tota l  y i e l d  

The t o t a l  y i e l d  o f  40 % i s  ca l cu la ted  fran t h e  amount o f  14C-L-B-phenylala- 

n i n e  (0.05 urnole) and t h e  m o u n t  o f  14C-ochratoxin A. 

S t  abi 1 i t y  

The synthesized 14C-ochratoxin A (0.02 pmole) i s  d isso lved i n  10 m l  benzene 

and s tored a t  0 O C .  I n  t h e s e  c o n d i t i o n s  t h e  s o l u t i o n  i s  s t a b l e  f c r  s e v e r a l  

months. This i s  checked by HPLC w i t h  t h e  sane pararneters as described i n  Fig. 6. 

DISCUSSION 

Preparat ion o f  N-hydroxysuccinimide d e r i v a t i v e  o f  t he  lactone ac id  

The format ion o f  t h e  N-hydroxysuccinimide d e r i v a t i v e  o f  t h e  l a c t o n e  a c i d  

was t e s t e d  n o t  o n l y  i n  dry  dioxane but  i n  methanol, e thy lacetate,  p y r i d i n e  and 

dimethylformamide as we l l .  The h ighest  y i e l d  o f  NHS-lactone d e r i v a t i v e  was ob-  

t a ined  i n  dioxane. 

It was a1 s o  shown t h a t  p roceed ing  t h e  r e a c t i o n  a t  roan-tenperature gives 

r i s e  t o  increased hyd ro l ys i s  of t h e  NHS-lactone d e r i v a t i v e .  

When the r e a c t i o n  was e n t i r e l y  performed a t  4 'C i t was not ccinplete. 

The in f l uence  o f  an excess o f  NHS and IJCC on the  y i e l d  o f  t h e  hhS- lac tone  

d e r i v a t i v e  was also invest igated.  The r e s u l t s  are shown i n  F iy .  8. The moun t  o f  

l ac tone  ac id  used i n  the  r e a c t i o n  bas kept  constant a t  9.5 my. The r a t i o  of t h e  

amount o f  NHS t o  OCC was kept  constant a t  1/2. 

From Fig. 8 i t  can be concluded t h a t  f o r  a g iven amount o f  9 . 5  mg l a c t o n e  

a c i d  a t  l e a s t  142.5 rng NHS (15 - fo ld  excess) and 285 mg [ICC ( 3 0 - f o l d  excess) are 

needed t o  ob ta in  a maximal y i e l d .  HPLC p u r i f i c a t i o n  o f  t he  NHS-lactone d e r i v a t i -  

ve i s  necessary t o  remove t h e  excess o f  NHS and DLL i n  o r d e r  t o  a v o i d  

cross-react ions i n  the  next synthes is  steps. 
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28.5 57 85.5 114 142.5 171 

mg NHS 

F i g .  8. l n f l uence  o f  the excess o f  NHS and UCC on t h e  y i e l d  o f  t h e  NHS-lactone 

d e r i v a t i v e .  The m o u n t  o f  NHS t o  DCC i s  1/2. 

Preparat ion o f  14C-ochratoxin A 

When 1 % - L - 6 - p h e n y l a l a n i n e  was used ins tead  o f  t he  correspondiny methyl- 

e s t e r  i n  t h e  r e a c t i o n  w i t h  the  NHS-lactone d e r i v a t i v e ,  t h e  y i e l d  o f  14C-ochra- 

t o x i n  A decreased s i g n i f i c a n t l y .  Th i s  phenomenon i s  v e r y  p r o b a b l y  due t o  t h e  

f r e e  c a r b o x q l  g r o u p  i n  L - R - p h e n y l a l a n i n e  which may i n t e r f e r e  i n  t h e  coupl iny 

reac t i on .  Also the  s o l u b i l i t y  o f  L-C-phenylalanine i n  p y r i d i n e  i s  i n f e r i o r  t o  

t h a t  o f  the methy lester .  

The coup1 i n g  r e a c t i o n  o f  t h e  NHS-lactone d e r i v a t i v e  w i t h  L-B-phenylalaninr 

methy lester  was compared i n  methanol, e thy lace ta te ,  p y r i d i n e ,  chloroform, dioxa- 

ne and dimethyl formaaide. The best  r e s u l t s  were obta ined i n  py r id ine .  

The in f l uence  o f  an excess o f  NHS-lactone d e r i v a t i v e  and t h e  i n f l u e n c e  o f  

t h e  amount o f  L-0-phenyla lan ine on t h e  y i e l d  o f  och ra tox in  A was i nves t i ga -  

ted. The r e s u l t s  are shown i n  Fig. 9. 
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*/. yield 10c 

ochratoxin A 

NHS-lactone derivative 

- 
ao 5 0.10 

I- B-pheny lalanine met h y lester 
11 mole 

Fig. 9. % y i e l d  o f  o c h r a t o x i n  A versus amount L-f3-phenylalanine methy lester  

w i t h  vary ing r a t i o s  L-6-phenylalaninanethylester t o  NHS-lactone d e r i v a -  

t i v e .  

Froin F i g .  9 it can be concluded t h a t  f o r  a g iven iuiiount o f  14C-L-B-phenyl- 

a lan ine  methy lester  of 0.05 pii iole a t  l e a s t  a 1500 f o l d  excess o f  NHS-lactone 

d e r i v a t i v e  i s  necessary t o  ob ta in  80 'k och ra tox in  A. 

kc: have chosen an aiiiount o f  (1.05 i lmole L-LU-14C] yhenylalanine and 9.5 1119 

l ac tone  ac id  as s t a r t  m a t e r i a l  t o  synthesize 2.6 pCi 14C-ochratoxin A, which was 

i n  our work a s u f f i c i e n t  amount o f  r a d i o a c t i v i t y  t o  s t a r t  t h e  development of a 

rad io imunoassay . 
With increas ing moun ts  o f  14C-L-B-phenylal an i  ne methyl es te r  and increas ing 

amounts o f  NHS-lactone d e r i v a t i v e  t h e  y i e l d  o f  14C-ochrat,oxin H can reach 80 X .  
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