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SUMMARY 

Ant ibod ies  l a b e l l e d  w i t h  r a d i o i s o t o p e s  v i a  c h e l a t i n g  a g e n t s  a r e  

being used i n c r e a s i n g l y  f o r  i n  v i v o  l o c a l i s a t i o n  o r  r ad io the rapy  of 

tumours. The most w ide ly  used c h e l a t i n g  agen t  is DTPA. Here, we  

d e s c r i b e  t e c h n i c a l  m o d i f i c a t i o n s  of t h e  s t anda rd  DTPA c y c l i c  anhydride 

con juga t ion  procedure and determine t h e  i n  v i t r o  s t a b i l i t y  of t h e  

DTPA-antibody con juga te s .  The use of t h i s  d e r i v a t i v e  of DTPA combined 

w i t h  t h e  u s e  of a p p r o p r i a t e  b u f f e r s  and small d i s p o s a b l e  g e l  

f i l t r a t i o n  columns r e s u l t e d  i n  t h e  development of a s impler  and more 

r a p i d  technique f o r  t h e  p roduc t ion  of DTPA-conjugated a n t i b o d i e s .  

Keywords: DTPA con juga t ion ,  a n t i b o d i e s .  

INTRODUCTION 

A procedure f o r  c o v a l e n t l y  a t t a c h i n g  DTPA t o  a n t i b o d i e s  has  been 

desc r ibed  (11, bu t  s e v e r a l  t e c h n i c a l  problems a s s o c i a t e d  wi th  t h e  

p r e p a r a t i o n  of t h e  con juga te s  have not been p rope r ly  addressed.  These 

invo lve  t h e  s e p a r a t i o n  of f r e e  DTPA from t h e  ant ibody Conjugate and 

maintenance of freedom from contaminat ing me ta l  i o n s  i n  t h e  s y n t h e s i s  

and r a d i o l a b e l l i n g  s t e p s  (2).  Problems i n  s e p a r a t i n g  DTPA from 

p r o t e i n s  arise from t h e  m u l t i v a l e n t  n e g a t i v e  charge on DTPA i n  n e u t r a l  
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solutions which lead to strong ionic association with the protein. 

The radiolabelling solutions need to be kept scrupulously free from 

metal ion impurities because contamination results in low labelling 

efficiencies. This paper describes how these problems may be 

overcome, taking advantage of the unusual elution properties of free 

DTPA on gel chromatography, and using the weak chelating agent 

dithizone for extraction of cold metal ions from preparatory buffers. 

EXPERIMENTAL. 

All preparative gel filtration was carried out using 9 ml Sephadex 

G 25 columns (PD 10. Pharmacia). 

Gel-chromatography of [l4C1 DTPA and [65Zn] DTPA complexes on Sephadex 

a 
a) DTPA was labelled with 6 5 ~ n  (1 p i > .  2.5M acetate pH6 ( 6  pl) 

and 0.01M DTPA (50 pl) were mixed in a clean 2 ml plastic tube. I6%nI 

zinc chloride (2 pl, 1 pCi) was added and the mixture was left for at 

least 15 mine at room temperature. It was then fractionated on PD 10 

columns equilibrated and eluted with water, acetate buffers at pH 6, 

or 0.15M saline. Fractions (0.5 ml) were collected and counted in a 

Gamma Set 500 scintillation counter. 

b) [14C] DTPA (0.5 pCi, 50 pl) was fractionated on PD 10 columns 

equilibrated in water or 0.15M saline. Fractions (0.5 ml) were 

collected, scintillation fluid (10 ml) was added and the fractions 

counted in a Beckman beta counter. 

Extraction of metal ions from buffers with dithizone. 

a) Concentrated buffers were tested for the presence of polyvalent 

metal ions using dithizone (diphenylthiocarbazone - Sigma; ( 3 ) ) .  

Buffers (200 ml) in a 500 ml separating funnel were shaken with 

dithizone (4 me) in redistilled chloroform (3 ml). If a positive test 
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r e s u l t e d ,  ie ,  a pink co lora t ion  i n  t h e  organic  layer ,  r e d i s t i l l e d  

chloroform (10 ml) and d i th izone  (8  mg) i n  chloroform ( 2  ml) were 

added. The mixture was shaken, and t h e  layers  allowed t o  separate .  A 

blue organic  layer  indicated s u b s t a n t i a l  freedom from polyvalent ions. 

b) The chloroform l a y e r  was separated,  and t h e  aqueous layer  

re-exracted with chloroform (10 ml) u n t i l  both the  chloroform and 

aqueous layers  were co lour less .  

c )  The buf fer  was t e s t e d  f o r  metal  ions as above. I f  a pink 

colour remained, s t e p  b)  was repeated u n t i l  the  buf fer  was negat ive 

f o r  polyvalent metal ions. 

DTPA conjugat ion of an t ibodies  usinn the  c y c l i c  anhydride method. 

a)  The c y c l i c  anhydride was suspended i n  dry dimethyl sulphoxide 

a t  10 mg/ml, and appropriate  volumes of t h i s  mixture used t o  provide 

t h e  required quant i ty  of anhydride. DTPA c y c l i c  anhydride (ca. 200 

pg) was placed i n  a c lean  2 m l  p l a s t i c  tube. Polyclonal sheep a n t i  

carcinoembryonic ant igen (CEA) (10 mg) i n  bicarbonate  (1 m l ;  0.05M, pH 

7 )  was added and the mixture a g i t a t e d  f o r  2 min a t  room temperature. 

b) I n  order  t o  determine t h e  e f f i c i e n c y  of conjugat ion of DTPA t o  

the  antibody, a 50 gl a l i q u o t  of the r e a c t i o n  mixture  was removed, and 

2.5M a c e t a t e  buf fer  pH 6 (10 p l )  was added, followed by [65Zn] z inc  

ch lor ide  ( 1  pCi) .  Incubation proceeded f o r  15 mins a t  room 

temperature t o  allow che la t ion  of t h e  %n by antibody-bound and f r e e  

DTPA (pK = -18.7). 

c )  The t race- label led a l i q u o t  was f r a c t i o n a t e d  on a PD 10 column. 

Each f r a c t i o n  was counted i n  a gamma s c i n t i l l a t i o n  counter. The 

e f f i c i e n c y  of conjugation of DTPA t o  antibody was determined by 

summing the counts i n  the  pro te in  peak and t h e  DTPA peak. 

d)  The o r i g i n a l  reac t ion  mixture was f rac t iona ted  on another  PD 10 

column, and t h e  t h i r d  and four th  1 m l  f r a c t i o n s  were col lec ted .  A 

f u r t h e r  20 pl a l i q u o t  of the  f o u r t h  f r a c t i o n  was removed, 

t race- label led with 1 p C i  of 65Zn, and f r a c t i o n a t e d  as before. The 
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p r o t e i n  e l u t e d  i n  a s i n g l e  peak i n  t h e  seven th  0.5 ml f r a c t i o n  which 

was c o l l e c t e d  and r a d i o l a b e l l e d  as p r e v i o u s l y  d e s c r i b e d  ( 2 ) .  

Eff i c i ency  of DTPA-anhydride con iuga t ion  a f t e r  s t o r a g e .  

The e f f i c i e n c i e s  of con juga t ion  of DTPA t o  a n t i b o d i e s  were observed 

over  s e v e r a l  months a f t e r  opening a v i a l  of t h e  c y c l i c  anhydride,  t h e  

compound having been s t o r e d  a t  -2OOC i n  a s e a l e d  c o n t a i n e r  ove r  d ry  

s i l i c a  g e l .  DTPA t o  an t ibody  molar r a t i o s  i n  t h e  r e a c t i o n  mix tu re  

were 5 o r  10 t o  1. 

Immunoreactivity of t h e  DTPA-coniugated ant ibody.  

The conjugated a n t i b o d i e s  were checked f o r  r e a c t i v i t y  wi th  a n t i  

sheep IgG by immunoelectrophoresis ,  and f o r  r e a c t i v i t y  w i t h  CEA by 

double immunodiffusion i n  aga rose  g e l s .  

T e s t s  f o r  cova len t  l i n k a g e  of DTPA t o  an t ibody  and s t a b i l i t y  of metal 

ion/DTPA bond. 

a )  P r e c i p i t a t i o n .  

A f t e r  r a d i o l a b e l l i n g  w i t h  metal i o n s ,  t h e  s t a b i l i t y  of t h e  

(ion)DTPA-protein bonds was determined by p r e c i p i t a t i o n  of t h e  p r o t e i n  

wi th  s a t u r a t e d  ammonium s u l p h a t e  ove r  a range of pH. Sheep IgG ( 5 0 ~ 1  

a t  10 mg/ml) t o  a i d  p r o t e i n  p r e c i p i t a t i o n  was added t o  65Zn l a b e l l e d  

ant ibody (10 p l ) .  S a t u r a t e d  ammonium s u l p h a t e ,  pH 5.3 (5 ml) was then  

added dropwise. Sheep serum (100 p l )  was added t o  65Zn-labelled 

ant ibody (10 p l ) ,  fol lowed by s a t u r a t e d  ammonium s u l p h a t e  pH 7 ( 5  ml). 

P r e c i p i t a t e d  p r o t e i n  was c e n t r i f u g e d  a t  2,500 g f o r  10  mins,  t h e  c l e a r  

supe rna tan t  a s p i r a t e d ,  and both t h e  p e l l e t  and s u p e r n a t a n t  counted. 

Th i s  was r epea ted  f o r  l l l I n - l a b e l l e d  an t ibody ,  and f u r t h e r  r epea ted  

u s i n g  s a t u r a t e d  ammonium s u l p h a t e  a t  pH 9 . 0 .  

The p r o t e i n  and s u p e r n a t a n t  f r a c t i o n s  were ob ta ined  and counted. 

b )  D i a l y s i s .  

The long-term s t a b i l i t y  of l l l I n - l a b e l l e d  ant ibody i n  v a r i o u s  
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b u f f e r e d  s o l u t i o n s  was determined by d i a l y s i s .  l l l I n - l a b e l l e d  

an t ibody  was prepared and f r a c t i o n a t e d  on a PD 10  column. The 

an t ibody  was d i l u t e d  i n  s a l i n e  c o n t a i n i n g  2 mg/ml bovine serum albumin 

t o  an  a c t i v i t y  of 32,000 cpm/ml as reco rded  on a Packard gamma 

counter .  The fo l lowing  s o l u t i o n s  were prepared: 0.15M sodium 

c h l o r i d e ,  0.15M sodium a c e t a t e ,  pH 6 ,  0.15M EDTA, pH 4.7 and 0.15M 

t r is ,  pH 10. Each of t h e  s o l u t i o n s  was supplemented w i t h  2 mg/ml 

bovine serum albumin. Volumes ( 2  m l )  of t h e  r a d i o l a b e l l e d  ant ibody 

were p i p e t t e d  i n t o  s e a l e d  d i a l y s i s  t ub ing ,  and then  placed i n  10 m l  

p l a s t i c  t ubes  con ta in ing  one of t h e  f o u r  s o l u t i o n s  ( 6  ml) above. 

There were 3 tubes  f o r  each s o l u t i o n .  A f t e r  c a r e f u l  s e a l i n g ,  t h e  

tubes  were f i x e d  t o  a bench r o t a t o r  and mixed f o r  2 4  hours.  The 

c o n t e n t s  of each d i a l y s i s  bag was removed, placed in a p l a s t i c  tube 

and counted on a Packard gamma coun te r .  

c )  Serum incuba t ion .  

In o r d e r  t o  check t h e  s t a b i l i t y  of t h e  indium ion  on che la t e - l i nked  

an t ibody  a f t e r  i ncuba t ion  i n  human serum, r a d i o l a b e l l e d  an t ibody  was 

f r a c t i o n a t e d  on Sephacryl  S 300. Immediately a f t e r  p r e p a r a t i o n  of 

l l l I n - l a b e l l e d  an t ibody  ( s p e c i f i c  a c t i v i t y  > 13 mCi/mg), 5 pl ( 5  P C i )  

of t h e  p r o t e i n  was mixed wi th  PBS and f r a c t i o n a t e d  on a Sephacryl  S 

300 column (27 x 3 cm) e q u i l i b r a t e d  w i t h  PBS u s i n g  an LKB Superrac 

f r a c t i o n  c o l l e c t o r .  F r a c t i o n s  ( 2  m l  volumes) were c o l l e c t e d  every 5 

minutes  and counted on a Packard gamma coun te r .  The same 

r a d i o l a b e l l e d  p r e p a r a t i o n  (10 p l )  was added t o  f r e s h  human serum (2 

ml).  Volumes ( 1  ml) of t h e  serum were f r a c t i o n a t e d  as above on 

Sephacryl  S 300 a f t e r  5 min and 24  hours  of  i ncuba t ion  and counted i n  

a Packard gamma coun te r .  

RESULTS 

E l u t i o n  of DTPA comulexes on Seuhadex G 2 5 .  

R e s u l t s  of e l u t i n g  l4C-1abelled DTPA i n  N a C l  o r  water on PD 10  

R e s u l t s  of t h e  e l u t i o n  of 65Zn complexes columns are  shown i n  f i g .  1. 

are summarised i n  t a b l e  I. 
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Figure 1. 
water ( * a * * * * )  and 0.15M s a l i n e  (-1. 

Elut ion  p r o f i l e s  of [14C] DTPA on P D  10 columns e l u t e d  with 

Table I. Elu t ion  of DTPA complexes on Sephadex G25 columns (PD 10).  

Main e l u t i o n  peak 
No. moles of DTPA e l u t i n g  buf fer  '(0.5 m l  f r a c t i o n  no.) 

5 10-7 0.15M s a l i n e  12 

2a 
5 x 10-10 
o ( 6 5 ~ ~  only)  
5 10-7 water a 

0.001H a c e t a t e  a 

II 

II 
1 2  

II 

I1 

II 

0.25M a c e t a t e  1 2  - 13 
0.01M a c e t a t e  10 
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The main observat ion from t h e  e l u t i o n  d a t a  was t h a t  DTPA and i t s  

complexes did not  e l u t e  the  same way i n  a l l  buffers .  The e l u t i o n  

volume of t h e  DTPA depended on t h e  concentrat ion of t h e  buf fer  

( i d e n t i c a l  r e s u l t s  with 0.25M a c e t a t e  and 0.15M s a l i n e  - t h e  e l u t i o n  

peak being i n  t h e  12th 0.5 m l  f r a c t i o n ) .  In t r i p l e  d i s t i l l e d  water, 

DTPA and i ts  complexes eluted i n  the  f r a c t i o n s  expected f o r  

rad io labe l led  pro te ins  ( i e ,  i n  0.5 m l  f r a c t i o n s  6 t o  8) .  

Buffer e x t r a c t i o n  with di thizone.  

A l l  buf fe rs  were e f f e c t i v e l y  f reed  from contaminating metal ions 

using the  solvent  e x t r a c t i o n  method with di thizone,  a s  judged by 

v i s u a l  assessment of colour changes i n  t h e  organic  layer .  The method 

reduced metal ion contamination t o  below 1 x 10-lOM (4). 

Coniunation o f p o l v c l o n a l  sheep a n t i  CEA with DTPA c y c l i c  anhvdride 

and antibody p u r i f i c a t i o n .  

Trace l a b e l l i n g  of the  DTPA/antibody mixture with 65Zn followed by 

f r a c t i o n a t i o n  on a PD 10 column i n  0.15M a c e t a t e  indicated a very 

e f f i c i e n t  separa t ion  of DTPA-antibody conjugate  from f r e e  DTPA 

( f ig .2) .  The antibody conjugate e lu ted  mainly i n  0.5 m l  f r a c t i o n s  7 

t o  8 ,  while  f r e e  DTPA e l u t e d  i n  f r a c t i o n s  9 - 18. Rat ios  of t h e  

counts i n  the  pro te in  and f r e e  DTPA e l u t i o n  peaks ind ica ted  a 

conjugat ion e f f i c i e n c y  of approximately 65% f o r  f r e s h  anhydride and 

antibody concentrat ion of 10 mg/ml (3.5 DTPA per antibody). No 

r e s i d u a l  r a d i o a c t i v i t y  was found on t h e  column. 

Having shown t h a t  t h e  mixture could be f rac t iona ted  under 

appropr ia te  condi t ions of i o n i c  s t rength ,  i t  was e lu ted  on a PD 10 

column. Protein eluted i n  0.5 m l  f r a c t i o n  8. Trace-labelling of 

pro te in  (100 pg)  witll %n (20 pCi>, followed by r e e l u t i o n  on PD 10 

showed t h a t  100% of the r a d i o a c t i v i t y  was assoc ia ted  with the  pro te in  

f r a c t i o n .  (See f ig .2 ,  lower p r o f i l e  1. 
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1 2 

a 

b 

Fraction number (0.5ml.) 

Figure 2. a )  An a n t i  CEA / DTPA c y c l i c  anhydride reac t ion  mixture 
t r a c e  labe l led  w i t h  %n and f r a c t i o n a t e d  on a PD 10 column 
equi l ibra ted  w i t h  0.25M a c e t a t e ,  pH 6. Peak 1: DTPA-protein. Peak 2: 
f r e e  DTPA. b) DTPA-anti CEA t r a c e  labe l led  a f t e r  p u r i f i c a t i o n  on a PD 
10 column equi l ibra ted  w i t h  0.25M a c e t a t e ,  pH 6. 

Effect  of s torage time on coniugat ion e f f i c i e n c i e s .  

The e f f e c t  of s torage  time on conjugation e f f ic iency  with t h e  

cyc l ic  anhydride i s  shown i n  t a b l e  11. The l a b e l l i n g  e f f i c i e n c y  

decreased markedly a f t e r  opening of t h e  v i a l  and s torage  over s i l i c a  

ge l  a t  -20%. 
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Table 11. E f f e c t  of s t o r a g e  t i m e  on an t ibody  con juga t ion  e f f i c i e n c i e s  
wi th  DTPA c y c l i c  anhydride.  

S to rage  t i m e  Antibody:DTPA anhydride r a t i o  E f f i c i e n c y  (%I  

0 
> 1 month 
> 2 months 
> 4 months 

1:5 
1:5 
1 : l O  
1 : l O  

48 - 65 
26 

4 
3 

C h a r a c t e r i s a t i o n  of DTPA-coniurtated ant ibody and a n t i n e n  bindinn. 

Immunoelectrophoresis of t h e  conjugated an t ibody  showed t h a t  i t  had 

a h ighe r  e l e c t r o p h o r e t i c  m o b i l i t y  than t h e  unconjugated ant ibody ( n o t  

shown). Double immunodiffusion a g a i n s t  CEA showed t h a t  t h e  ant ibody 

was a b l e  t o  form a p r e c i p i t a t e  w i t h  t h e  a n t i g e n  a t  a p p r o p r i a t e  

d i l u t i o n s .  Th i s  was comparable wi th  t h e  unconjugated ant ibody.  

R e s u l t s  of tests f o r  i n  v i t r o  s t a b i l i t y  of metal ion  l a b e l l i n n .  

a )  P r e c i p i t a t i o n .  

The r e s u l t s  of ammonium s u l p h a t e  p r e c i p i t a t i o n  of 65Zn and 

l l l In - l abe l l ed  a n t i b o d i e s  are shown i n  t a b l e  111. Under c o n d i t i o n s  of 

n e u t r a l  pH and a l a r g e  excess  of carrier p r o t e i n ,  over  80% of t h e  

l l 1 I n  and 65Zn was p r e c i p i t a t e d .  

Table  111. P r e c i p i t a t i o n  of metal ion  l a b e l l e d  a n t i b o d i e s  wi th  
s a t u r a t e d  ammonium s u l p h a t e  under v a r i o u s  c o n d i t i o n s .  

P r e c i p i t a t i o n  medium Radioisotope 4, p r e c i p i t a t e d  

S a t u r a t e d  ammonium s u l p h a t e ,  

S a t u r a t e d  ammonium s u l p h a t e ,  

S a t u r a t e d  ammonium s u l p h a t e ,  
p H  7.0 + 100 a11 NSS*. 6% 80 .O 

111In 92.0 

p~ 5.3 + 50 111 I K G  (10 =/mi).  6% 20.2 

~ I I  9.0 + 50 w i  IgG (10 me;/mi). 65zn 4.4 

II 

Note: * NSS = normal sheep serum. 

b )  D i a l y s i s .  

The r e s u l t s  of d i a l y s i n g  l l l I n - l a b e l l e d  ant ibody a g a i n s t  v a r i o u s  

b u f f e r s  are shown i n  f i g . 3 .  A h igh  p ropor t ion  of t h e  t o t a l  
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r a d i o a c t i v i t y  added was r e t a i n e d  i n  both t h e  s a l i n e  and a c e t a t e  

experiments;  reduced a c t i v i t y  w a s  recovered from d i a l y s i s  tubing i n  

t h e  EDTA experiments.  I n  tris b u f f e r ,  pH 10, most of t h e  

r a d i o a c t i v i t y  was e l u t e d  from t h e  d i a l y s i s  membrane, t o  t h e  l e v e l  

expected f o r  e q u i l i b r a t i o n  of f r e e  indium. The t r i p l i c a t e  experiments 

were i n  good agreement, (S.E.M. < 2%). 

'1 

Assay number 

Figure 3. D i a l y s i s  of l l l In - l abe l l ed  a n t i  CEA a g a i n s t  v a r i o u s  
bu f fe r s .  1) Tota l  r a d i o a c t i v i t y  added t o  d i a l y s i s  membranes. 2)  
0.15M s a l i n e .  3) 0.15M acetate, pB 6 .  4) 0.1.5M EDTA, pH 4.7. 5) 
0.15M t r i s ,  pH 10. The do t t ed  l i n e  r e p r e s e n t s  t h e  equ i l ib r ium l e v e l  
f o r  f r e e l y  d i f f u s i b l e  r ad io i so tope .  

c )  Serum incubat ion.  

l l l In- label led ant ibody e i t h e r  f r e s h l y  prepared o r  incubated f o r  4 

mins o r  24 hours a t  37OC i n  human serum showed i d e n t i c a l  e l u t i o n  

p r o f i l e s  when f r a c t i o n a t e d  on Sephacryl S 300 ( s e e  f ig .4) .  Two peaks 

of r a d i o a c t i v i t y  were e lu t ed ,  t h e  f i r s t  corresponding t o  IgG and t h e  
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second, smaller peak t o  f r e e  DTPA. The IgG peak contained 

approximately 88% of t h e  r a d i o a c t i v i t y  added t o  t h e  column. 

Fraction number 

Figure 4. Elut ion p r o f i l e s  of l l l In- label led a n t i  CEA on Sephacryl S 
300 p r i o r  t o  serum incubation (- ), and a f t e r  24 hours i n  human 
serum a t  37OC ( * * - * * * *  I. 

DISCUSSION 

Experiments showed t h a t  t h e  e l u t i o n  of DTPA on Sephadex G 25 could 

be var ied  by ad jus t ing  the  concentrat ion of t h e  e l u t i n g  buffer .  The 

e l u t i o n  was considerably retarded by buf fers  of a concentrat ion above 

0.1M. This unusual c h a r a c t e r i s t i c  was taken advantage of i n  t h e  

preparat ion of DTPA-conjugated ant ibodies .  By using a buf fer  of high 

concentrat ion,  it was poss ib le  t o  car ry  out  the  p u r i f i c a t i o n  procedure 

on disposable  columns, using small b u f f e r  volumes and reducing t h e  

chance of contamination with cold ions. 

When t h e  c y c l i c  anhydride of DTPA was used t o  conjugate an t ibodies  

with DTPA, a higher e f f i c i e n c y  of r e a c t i o n  was achieved when compared 
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w i t h  t h e  mixed anhydride method r e p o r t e d  by Kre jca rek  and Tucker ( 5 ) .  

This  was due t o  t h e  lower s u s c e p t i b i l i t y  of t h e  c y c l i c  anhydride t o  

hydro lys i s .  The use  of t h e  c y c l i c  anhydride method and small 

d i s p o s a b l e  columns f o r  p r o t e i n  p u r i f i c a t i o n  r e s u l t e d  i n  t h e  

development of a s imple and r a p i d  t echn ique  f o r  t h e  product ion of 

DTPA-conjugated a n t i b o d i e s .  It was p o s s i b l e  t o  aeh ieve  t h e  l a b e l l i n g  

and p u r i f i c a t i o n  i n  t h r e e  hours ,  whereas t h e  t o t a l  t i m e  r e q u i r e d  f o r  

t h e  mixed anhydride method was i n  excess  of t h r e e  weeks, as t h e  mixed 

anhydride must be s y n t h e s i s e d  i n  t h e  l abora to ry .  The new method was 

a l s o  more r ep roduc ib le .  

The c y c l i c  anhydride was more s t a b l e  towards h y d r o l y s i s  than t h e  

mixed anhydride.  However, t h e  evidence h e r e  suggested t h a t  t h e  normal 

c o n d i t i o n s  f o r  s t o r a g e  ( -2OOC over  s i l i c a  g e l )  were n o t  adequa te  t o  

prevent  hydro lys i s .  Phosphorus pentoxide i s  a more powerful d e s s i c a n t  

and more s u i t a b l e  f o r  ma in ta in ing  t h e  c y c l i c  anhydride i n  dn anhydrous 

s t a t e .  

The h ighe r  e l e c t r o p h o r e t i c  m o b i l i t y  of t h e  DTPA-conjugated an t ibody  

was t o  be expected,  s i n c e  t h e  a d d i t i o n  of s e v e r a l  DTPA molecules  on to  

t h e  p r o t e i n  would i n c r e a s e  t h e  t o t a l  n e g a t i v e  charge on t h e  p r o t e i n .  

The a b i l i t y  of t h e  conjugated an t ibody  t o  p r e c i p i t a t e  CEA a t  t h e  

same d i l u t i o n s  as t h e  unconjugated an t ibody  showed t h a t  b ind ing  

a f f i n i t y  of t he  modif ied ant ibody was u n a f f e c t e d  by t h e  con juga t ion  

procedure ( s e e  a l s o  (711, s i n c e  an an t ibody  c o n t a i n s  i n  excess  of 50 

l y s i n e  r e s i d u e s ,  and on ly  one i s  r e q u i r e d  f o r  l i n k a g e  of each  DTPA 

molecule.  I t  was t h e r e f o r e  u n l i k e l y  t h a t  con juga t ion  would damage 

a n t i g e n  binding si tes.  

Ammonium s u l p h a t e  p r e c i p i t a t i o n  of t h e  r a d i o l a b e l l e d  a n t i b o d i e s  

gave va ry ing  r e s u l t s .  The presence of carrier p r o t e i n s  w a s  necessa ry  

t o  a i d  t h e  p r e c i p i t a t i o n ;  both low and high pH reduced t h e  p r o p o r t i o n  

of r a d i o i s o t o p e  on t h e  p r o t e i n .  Th i s  may have been due t o  e i t h e r  

f a i l u r e  of t h e  p r o t e i n  t o  p r e c i p i t a t e  under  t h e s e  c o n d i t i o n s  r a t h e r  

than d i s s o c i a t i o n  of the  i s o t o p e  from t h e  c h e l a t e .  
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A b e t t e r  method f o r  determining t h e  s t a b i l i t y  of l l 1 I n  i n  

DTPA-conjugated p r o t e i n  was d i a l y s i s .  Allowing f o r  f a i l u r e  t o  recover  

a l l  r a d i o a c t i v i t y  from t h e  d i a l y s i p  bags,  n e i t h e r  acetate b u f f e r  nor  

s a l i n e  reduced t h e  amount of r a d i o a c t i v i t y  bound t o  p r o t e i n .  EDTA, a 

s tong & e l a t i n g  agen t  similar t o  DTPA, was a b l e  t o  reduce i t  by 

compe t i t i on  f o r  l l 1 I n .  However, t h e  k i n e t i c s  of t h e  exchange were 

slow, and t h e  EDTA was i n  c o n s i d e r a b l e  excess  over  t h e  DTPA. T r i s  

b u f f e r ,  pH 10, was most e f f e c t i v e  i n  d i s s o c i a t i n g  indium from t h e  

ant ibody.  The r eason  f o r  t h i s  i s  unknown, bu t  t h e  r e s u l t  demonstrates  

t h a t  t h e  i n t e g r i t y  of  (1n)DTPA cannot  be guaranteed i n  a l l  pH 

cond i t ions .  D i s s o c i a t i o n  of t h e  complex under p h y s i o l o g i c a l  

c o n d i t i o n s  may e x p l a i n  t h e  accumulat ion of l l 1 I n  o r  9OY i n  t h e  l ivers 

of animals and p a t i e n t s  a f t e r  a d m i n i s t r a t i o n  of l a b e l l e d  an t ibody  

( 6 , 7 ) .  

F r a c t i o n a t i o n  of f r e s h l y  prepared In - l abe l  l e d  ant ibody on 

Sephacryl  S 300 showed t h a t  t h e  p r o t e i n  p r e p a r a t i o n  con ta ined  a s m a l l  

p ropor t ion  of unbound DTPA (approximately 12%) .  However, t h i s  was 

considered an adeqdate  deg ree  of p u r i t y .  A f t e r  bo th  4 mins and 24 

hours  of i ncuba t ion  i n  human serum a t  37OC, t h e  r a d i o l a b e l l e d  an t ibody  

possessed an i d e n t i c a l  e l u t i o n  p r o f i l e  t o  t h e  f r e s h  sample, i n d i c a t i n g  

t h a t  t h e  [ll1]DTPA complex was s t a b l e  a g a i n s t  t r a n s f e r r i n  and o t h e r  

plasma p r o t e i n s  under  p h y s i o l o g i c a l  c o n d i t i o n s .  

I n  6 u r  hands,  t h e  a n t i b o d i e s  conjugated t o  DTPA v i a  t h e  c y c l i c  

anhydride were s u p e r i o r  i n  a l l  r e s p e c t s  t o  t hose  conjugated v i a  t h e  

mixed anhydride (5), i n  terms of freedom from unbound DTPA, 

r a d i o l a b e l l i n g  e f f i c i e n c y  w i t h  l l l I n  and o t h e r  i ons ,  and h a l f - l i f e  i n  

serum. 
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Addendum. 

P u r i f i c a t i o n  of a c e t a t e  buf fer  by di thizone i s  most e f f e c t i v e l y  

achieved by making a concentrated s o l u t i o n  of sodium a c e t a t e  and 

pur i fy ing  i t  with di thizone p r i o r  t o  adjustment of t h e  pH wi th  pure 

hydrochloric a c i d  (produced by d i f fus ion  of HC1 i n t o  t r i p l e  d i s t i l l e d  

water i n  a c losed container) .  The r e s u l t i n g  a c e t a t e  buf fer  contains  a 

small quant i ty  of ch lor ide  ions which a r e  of no concern i n  subsequent 

procedures. 


