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A b s t r a c t  - C o n j u g a t i o n  of v i n c r i s t i n e  (VCR) 1 and v i n b l a s t i n e  (VBL) 2 t o  

p r o t e i n s  th rough  t h e  C-10' p o s i t i o n  o f  t h e  ' c a t h a r a n t h i n e  mo ie ty "  i s  

desc r ibed .  The p rocedure  was a p p l i e d  t o  t h e  p r o d u c t i o n  of inmunogenic 

complexes o f  t h e  drugs and b o v i n e  serum a lbumin  (BSA), and t o  t h e  s y n t h e s i s  

o f  an enzyme- l inked t r a c e r  f r o m  VCR 1 and a l k a l i n e  phosphatase. 

INTRODUCTION 

V i n c r i s t i n e  (VCR) 1 and v i n b l a s t i n e  (VBL) 2 a r e  h i g h l y  e f f e c t i v e  a n t i n e o p l a s t i c  a l k a l o i d s  from 

t h e  Madagascan p l a n t  Catharanthus roseus ( L . )  G .  Don ( A p ~ c y n a c e a e ) . ' - ~  These b i s - i n d o l e  

a l k a l o i d s ,  c o n t a i n i n g  a " c a t h a r a n t h i n e  m o i e t y "  and a " v i n d o l i n e  r n ~ i e t y " , ~  are c u r r e n t l y  used i n  

c l i n i c a l  p r a c t i c e  i n  more o r  l e s s  s tandard  dosages, w i t h  no account  t a k e n  of p o s s i b l e  v a r i a t i o n s  

i n  d rug  plasma l e v e l s  o f  i n d i v i d u a l  p a t i e n t s .  The e x t r e m e l y  low serum c o n c e n t r a t i o n s  assoc ia ted  

w i t h  these  c y t o t o x i c  substances i n  cancer  t r e a t m e n t  make i t  d i f f i c u l t  t o  m o n i t o r e  t h e  serum 

l e v e l s  b y  c o n v e n t i o n a l  methods o f  c l i n i c a l  a n a l y s i s .  C u r r e n t l y ,  immunoassay methods (RIA, IRMA, 

ELISA, e t c . ) ,  wh ich  can boas t  h i g h  s e n s i t i v i t y  and s e l e c t i v i t y  i n  comb ina t ion  w i t h  p rocedura l  

s i m p l i c i t y ,  a r e  o f f e r i n g  a p o w e r f u l  means t o  a c c u r a t e  and r e l i a b l e  m o n i t o r i n g  of samples a t  

femtomole l e v e l  of d rug  mo lecu les .  

Successfu l  immunochemical assay o f  VCR 1 and VBL Z r e s t s  upon t h e  p r o d u c t i o n  o f  a n t i b o d i e s  

a g a i n s t  them. Three methods o f  s y n t h e s i z i n g  t h e  immunogenic p r o t e i n  complexes needed t o  produce 

such a n t i b o d i e s  have been One o f  t h e  methods has a l s o  been a p p l i e d  t o  produce an 

enzyme- l inked immunotracer,' and ano ther  t o  s y n t h e s i z e  imnuno therapeu t i c  complexes b y  c o u p l i n g  
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1C " c a t h a r a n t h i n e  mo ie ty "  
1,' \ 

>c 11' 
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1 R = C H O  - 
2 R = CH, - 

w i t h  a n t i b o d i e s  produced a g a i n s t  cancer  However, a l l  t h r e e  methods have y i e l d e d  

a n t i b o d i e s  w i t h  o n l y  l i m i t e d  s p e c i f i c i t y  a g a i n s t  the  compound i n v o l v e d  i n  t h e  immunogen 

s y n t h e s i s .  E v i d e n t l y ,  t h e  p r o t e i n  i n  t h e  f i n a l  complex p a r t i a l l y  "covers "  t h e  " v i n d o l i n e  mo ie ty " ,  

which c o n t a i n s  t h e  d i s t i n c t i v e  f e a t u r e s  o f  t h e  molecules.  

RESULTS AND DISCUSSION 

We presen t  a  new method f o r  s y n t h e s i z i n g  immunogenic p r o t e i n  complexes, based on t h e  d iazo-  

c o u p l i n g  between an a romat i c  r i n g  o f  t h e  b i s - i n d o l e  a l k a l o i d  and d i a r o t i r e d  p-aminobenzoic a c i d  

and r e a c t i o n  o f  t h e  formed azo compound w i t h  bov ine  serum albumin ( & A )  (Scheme 1 ) .  11 

Both t h e  " c a t h a r a n t h i n e  m o i e t y  and " v i n d o l i n e  mo ie ty "  of VCR 1 and 2 c o n t a i n  an a romat i c  r i n g .  

TO t a k e  advantage o f  t h e  a c t i v a t i n g  e f f e c t  o f  t h e  i n d o l i c  n i t r o g e n ,  t h e  c o u p l i n g  p r e f e r e n t i a l l y  

shou ld  t a k e  p l a c e  a t  t h e  C-10' a n d l o r  C-10 pos i t i on , ' '  which i s  para t o  t h e  i n d o l i c  n i t r o g e n .  

A t  t h e  C-10' p o s i t i o n  of t h e  " c a t h a r a n t h i n e  m o i e t i e s "  t h e r e  i s  l i t t l e  o r  no s t e r i c  h indrance,  

whereas i n  t h e  " v i n d o l i n e  m o i e t i e s ' '  t h e  C-10 p o s i t i o n  i s  s u b s t i t u t e d .  Moreover, i n  t h e  case o f  

VCR 1 t h e  presence of the  f o r m y l  group s t r o n g l y  d im in ishes  t h e  a c t i v a t i n g  e f f e c t  a t  t h e  C-10 

p o s i t i o n .  Therefore,  a  h i g h l y  u n i f o r m  r e a c t i o n  can be expected a t  t h e  C-10' p o s i t i o n  of t h e  

" c a t h a r a n t h i n e  m o i e t i e s "  when t h e  c o u p l i n g  i s  performed under t h e  c o n t r o l l e d  r e a c t i o n  c o n d i t i o n s  

used i n  t h e  d i a z o - c o u p l i n g  o f  a romat i c  m i n e s  ( v i d e  i n f r a ) . 1 3 - l 5  

F o r  t h e  s y n t h e s i s  of immunogenic p r o t e i n  complexes descr ibed  here, t h e  pH va lue  o f  t h e  d iazo-  

c o u p l i n g  s o l u t i o n  must be ma in ta ined  between 4.0 and 7.0 i n  o r d e r  t o  produce u n i f o r m  i n t e r -  

mediates (3 and $ ) , I6  e s s e n t i a l  f o r  t h e  s p e c i f i c i t y  of t h e  immunoanalyt ica l  methods envisaged.  17 
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Scheme 1  - 
BSA stands f o r  "BSA l e s s  an amino group".  

Comparison of t h e  a b s o r p t i o n  s p e c t r a  of t h e  syn thes ized  BSA con juga tes  w i t h  those  of VCR 1 
s u l f a t e ,  VBL 2 s u l f a t e ,  and f r e e  BSA ( F i g .  I ) ,  are i n  good agreement (Amax a t  - 350 nm) w i t h  the 

presumed r e a c t i o n  p roduc ts  5 and 5 o u t l i n e d  i n  Scheme 1. 

For  b ind ing ,  our  method uses t h e  C-10' p o s i t ~ o n  of the  " c a t h a r a n t h i n e  moiety" ,  f a r  f rom the  

groups o f  t h e  " v i n d o l i n e  mo ie ty " ,  t h a t  a r e  f u n c t i o n a l l y  i m p o r t a n t  i n  p h y s i o l o g i c a l  i n t e r -  

ac t ions . ' '  Moreover, t h e  p-aminobenzoic a c i d  a c t s  as a  spacer, s e p a r a t i n g  t h e  a l k a l o i d a l  p a r t  

f rom t h e  macromolecule. These f e a t u r e s  r e s u l t e d  i n  t h e  case o f  the  VCR-BSA con juga te  5 i n  the  

p r o d u c t i o n  of an an t i se rum about 1500- fo ld  more s e n s i t i v e  t o  VCR t h a n  t o  VBL."  Prev ious 

methods6-8 have l e d  t o  a n t i s e r a  o f  o n l y  moderate s p e c i f i c i t y :  t h e  b e s t  s e n s i t i v i t y  d i f f e r e n c e  

achieved between VCR 1 and VBL Z was ~ 0 0 - f o l d . ~  w h i l e  i n  t h e  o t h e r  two methods o n l y  a  s l i g h t  



F i g .  1. A b s o r p t i o n  s p e c t r a  of t h e  VCR-BSA con juga te  5 and t h e  VBL-BSA con juga te  6 compared 

w i t h  those  o f  f r e e  BSA, VCR 1 s u l f a t e  and VBL 2 s u l f a t e .  

P a r t  A: 1  VCR-BSA con juga te  5 ( -150  m g l l ) ,  2  f r e e  BSA ( 1  g  3  VCR 1 s u l f a t e  

( 4 0  m g l l ) .  

P a r t  B: I VBL-BSA con juga te  5 ( -50  m g l l ) ,  2  f r e e  BSA ( 1  g  3  VBL 1 s u l f a t e  

(40  m g l l ) .  

A l l  t h e  s p e c t r a  were recorded  i n  H20, 

d i f f e r e n c e  and p r a c t i c a l l y  no d i f f e r e n c e  c o u l d  be observed between t h e  b i n d i n g  of these  c l o s e l y  

r e l a t e d  l i g a n d s .  We a l s o  a p p l i e d  t h e  p resen t  method t o  t h e  p r e p a r a t i o n  of an enzyme- l inked t r a c e r  

f r o m  VCR 1 and a l k a l i n e  phosphatase w i t h  p r a c t i c a l l y  no l o s s  o f  enzyme a c t i v i t y . ' '  Thus t h e  

r e a c t i o n  c o n d i t i o n s  used a r e  n o t  d e n a t u r i n g  t o  p r o t e i n  and can be w i d e l y  used f o r  p r e p a r i n g  

con juga tes  f o r  d i f f e r e n t  purposes. The p r e s e n t  procedure w i t h  i t s  new f e a t u r e s  may be 

p a r t i c u l a r l y  s u i t a b l e  f o r  t h e  s y n t h e s i s  o f  immunotherapeut ic  molecules f rom Catharanthus 

a l k a l o i d s  and of a n t i b o d i e s  a g a i n s t  cancer  c e l l s .  i n  t h e  manner descr ibed  recen t l y1 '  u s i n g  one 

of t h e  o l d e r  c o n j u g a t i o n  methods. 

EXPERIMENTAI 

The a b s o r p t i o n  s p e c t r a  were recorded  w i t h  a  H i t a c h i  220 spectrophotometer  and t h e  HPLC a n a l y s i s  

was executed w i t h  a  Beckman 420 HPLC apparatus (MeOH/H20; 72/25; 0.25 % Et3N; 0 .2  m l lm in ;  

C I 8  A l t e x  U l t r a s p h e r e  008) .  

V i n c r i s t i n e  (VCR) s u l f a t e ,  v i n b l a s t i n e  (VBL) s u l f a t e  and BSA were f rom Sigma Chemical Co., 

S t .  Lou is ,  USA, and t h e  a l k a l i n e  phosphatase f rom Boehr inger  Mannheim GmbH, Mannheim, FRG. 



HETEROCYCLES, Vol 24, No 5, 1986 

Con juga t ion  of VCR I ( o r  VBL 2 )  t o  p r o t e i n s  

p-Aminobenzoic a c i d  ( 1  mg) was d i s s o l v e d  i n  0.5 ml o f  0 .2  M  HCI, i n t o  which sodium n i t r i t e  - 
( 1  mg i n  0.5 ml  o f  w a t e r )  was added dropwise.  The r e s u l t i n g  s o l u t i o n  was kep t  a t  O'C f o r  45 min 

w i t h  occas iona l  g e n t l e  s t i r r i n g ,  a f t e r  which su l famic  a c i d  s o l u t i o n  ( 1  mg i n  0.5 mi o f  w a t e r )  was 

added dropwise.  VCR 1 s u l f a t e  ( o r  VBL 1 s u l f a t e )  ( 3  mg) was d i s s o l v e d  i n  a  minimum amount of a 

m i x t u r e  of DMF and 0.1 M  sodium b o r a t e  b u f f e r  (111, v o l / v o l ) ,  and t h e  d i a z o t i z e d  p-aminobenzaic 

a c i d  s o l u t i o n  was added dropwise.  The pH was ma in ta ined  between 4.0 and 7.0 w i t h  a d d i t i o n s  of 

0.1 M  sodium b o r a t e .  Format ion o f  t h e  a m  bond was i n d i c a t e d  b y  t h e  appearance o f  y e l l o w  c o l o u r .  

The r e a c t i o n  was a l lowed t o  proceed f o r  3  t o  4  h  a t  4 ' ~  i n  darkness.  (HPLC-analysis o f  the  

r e a c t i o n  m i x t u r e  o f  VCR 1 i n d i c a t e d  t h a t  about 90% of VCR 1 was c o n v e r t e d  t o  a  uni form, a c i d i c  

d e r i v a t i v e ) .  T h e r e a f t e r  t h e  p r o t e i n  ( 2  mg o f  BSA) was added t o  t h e  s o l u t i o n  where the  pH was 

about 6 .0 .  A f t e r  a d d i t i o n  o f  EDC [1 -e thy l - 3 - (3 -d ime thy lam inop ropy1 ) - ca rbod ide ]  ( 4  mg) 

d i s s o l v e d  i n  a  minimum amount o f  water ,  t h e  r e a c t i o n  was a l l o w e d  t o  proceed o v e r n i g h t  a t  4 ' ~ .  

The f i n a l  p roduc t  was separated f rom low mo lecu la r  we igh t  r e a c t a n t s  b y  u l t r a f i l t r a t i o n  (Amicon 

PM 30 membrane) and l y o p h i l i r e d .  

P r e p a r a t i o n  o f  an enzyme- l inked t r a c e r  f rom VCR 1  and a l k a l i n e  phosphatase 

The procedure was i d e n t i c a l  w i t h  t h a t  desc r ibed  above except  t h a t ,  i n s t e a d  o f  BSA ( 2  mg), 

a l k a l i n e  phosphatase ( 3  mg) was added. 
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