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N-succinimidyl propionate: Charac te r i sa t ion  and Optimum Conditions 

f o r  use a s  a Tri t ium Label l ing Reagent f o r  Pro te ins  
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SUMMARY 

N-Succinimidyl propionate [ NSP] was synthesised and character ised 
as a pale  ye l lox  waxy s o l i d .  Rates of hydrolysis  i n  buf fers  range 
pH 5-9 were determined. Optimum condi t ions f o r  reac t ion  with l y s i n e  
were within t h e  range pH 7 t o  8. A prote in ,  wheat germ agglu t in in  
was l a b e l l e d  a t  pH 7.5 a t  room temperature f o r  two hours. Rates of 
reac t ion  of o ther  s u b s t r a t e s  under these condi t ions were 
inves t iga ted .  
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1 .  INTfODUCTION 

N-Succinimidyl [ 2,3-3H]propionate (NSP) i s  now a well es tabl ished reagent 

f o r  t h e  in t roduct ion  of a tritium l a b e l  i n t o  proteins .  This  reagent 

provides a simple method f o r  the l a b e l l i n g  and de tec t ion  of sub-microgram 

q u a n t i t i e s  o f  proteins .  

However, the  unlabel led compound which is required by users of the t r i t i u m  

labe l led  mater ia l  f o r  c e r t a i n  c a l i b r a t i o n  experiments has never been 

properly charac te r i sed .  The reagent has been assumed t o  r e a c t  with the 

epsi lon amino group of l y s i n e  i n  pro te ins  as  shown i n  equation 1 .  
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Already a number of papers have appeared which demonstrate the u t i l i t y  of 

the reagent. For example, t h e  re t rograde  t ranspor t  of  pro te in  components 

of s c i a t i c  nerve axons has been demonstrated by d i r e c t  l a b e l l i n g  of the 

pro te in  using [3H]NSP i n  vivo. 

of axonal t ranspor t  by Fink and Gainer ('I, it was shown t h a t  NSP had no 

adverse e f f e c t  on c e l l u l a r  funct ion.  S imi la r ly ,  Oakleford and C l i n t  ( * )  

reported the preparat ion of [3H]IgG f o r  t h e i r  s tud ies  i n t o  placenta  

uptake during pregnancy. 

his tones and non-histone pro te ins  from c a l f  thymus and nuclear  and t o t a l  

s a l i v a r y  gland pro te ins  from the  la rvae  of the midge Chironomus thummi. 

The labe l led  proteins  were v isua l i sed  by fluorography a f t e r  e lec t rophores i s  

i n  polyacrylamide ge ls .  

l abe l led  with [?H]NSP and pur i f ied  )y e lec t rofocus ing  re ta ined  i t s  

b io logica l  a c t i v i t y .  

Caras, Friedlander and  Block (5 ) .  Kummer e t  a1 ( 6 )  have reported 

recent ly  the l a b e l l i n g  of very l a r g e  numbers of immunoglobulins with 

[3H]NSP. 

de tec t ion  of a c t i v i t y  i n  hybridoma supernatants  and demonstrated t h a t  t h e r e  

was no l o s s  of func t iona l  a c t i v i t y .  

In  t h i s  new approach t o  the  i n v e s t i g a t i o n  

Muller ( 3 )  described the  use of NSP t o  l a b e l  

Dolly e t  a 1  ( 4 )  have shown t h a t  a-bungarotoxin 

Supernatant P r o t e i n  Factor  (SPF) has been l a b e l l e d  by 

They found the l a b e l l e d  conjugates t o  be s u i t a b l e  f o r  the 
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In  t h i s  paper we descr ibe the synthes is ,  the p u r i f i c a t i o n  by 

c r y s t a l l i s a t i o n ,  and the  c h a r a c t e r i s a t i o n  of  NSP, and a l s o  the  hydrolysis  

r a t e s  o f  NSP over the pH range 5-9 i n  var ious buf fers  a t  20'C. Kinet ic  

experiments t o  e s t a b l i s h  t h e  optimum reac t ion  condi t ions with lys ine  and 

wheatgerm agglu t in in  a r e  described using N-succinimidyl[ 2,3-3H]propionate. 

The r e s u l t s  of  the  experiments using a number of subs t ra tes  under these 

optimum condi t ions a r e  presented. 

2. EXPERIMENTAL 

2.1 Preparat ion of N-succinimidyl propionate 

Ethyl a c e t a t e  (250 ml) was dr ied  by s tanding over molecular s ieve  

( type 4A) for 24 hours. 

dissolved i n  e t h y l  a c e t a t e  (1  20 ml) . 
mmol) followed by dicyclohexylcarbodiimide (5.8g, 28 mmol) i n  dry 

e t h y l  a c e t a t e  was added. The mixture was s t i r red overnight. The 

p r e c i p i t a t e  of dicyclohexylurea was removed by f i l t r a t i o n  and washed 

with ethyl a c e t a t e  (10 ml). The s o l u t i o n  was r o t a r y  evaporated t o  

small volume and l e f t  a t  room temperature f o r  about two hours, and 

the  small  p r e c i p i t a t e  of dicyclohexylurea w a s  again f i l t e r e d  o f f .  

The s o l u t i o n  was r o t a r y  evaporated t o  "dryness" and redissolved i n  

e t h y l  a c e t a t e  (0.8 ml). Hexane (1.2 ml) was added dropwise u n t i l  

opalescence occurred. The mixture was s tored  a t  -2O'C. Crys ta l s  

were formed overnight and f i l t e r e d  using a Mil l ipore ( type 3M) 

f i l t e r ,  and dr ied a t  room temperature under vacuum to give a pale  

yellow waxy s o l i d  (2.5g). 

e t h y l  acetate:hexane. 

N-Hydroxysuccinimide (3.2g, 2.8 mmol) was 

Propionic acid (2  m l ,  28 

The c r y s t a l s  were r e c r y s t a l l i s e d  from 

Extensive drying under vacuum a t  room 
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t empera tu re  f a i l e d  t o  remove t h e  l as t  t r a c e s  of e t h y l  a c e t a t e  

appa ren t  as s i g n a l s  a t  4.12, 2 -03  and 1.25 a s  shown by t h e  pmr 

spectrum. 

0*79 , t , 3H,  CH&j; 1.68,m,2H, C H , C H 3 ;  

2.lO,q,4H,COCH7CH7CO. 

An a n a l y t i c a l  sample was f u r t h e r  p u r i f i e d ,  by e x p l o i t i n g  t h e  low 

v o l a t i l i t y  o f  NSP, by s u b l i m a t i o n  onto a c o l d  finger under  vacuum. 

mp, 32-34'C 

i.r. 1735, 1780, 1820 cm-' 

Mic roana lys i s  C a l c u l a t e d  %C:H:N:O 49.12 : 5.30 : 8.18 : 37.39 

Found $C:H:N:O 49.33 : 5.17 : 8.48 : 37.03 

2.2 Kinetic Exper iments  

N-Suc~inimidy1[2,3-~H]propionate (TRK 556) (7.5 m C i ,  50 Ci/mmol, 

Amersham I n t e r n a t i o n a l  p l c )  as a s o l u t i o n  i n  t o l u e n e  was c a r r i e r  

d i l u t e d  w i t h  a t o l u e n e  s o l u t i o n  of N-succinimidyl p rop iona te  

(0.12mg). The mix tu re  was r o t a r y  evapora t ed  j u s t  t o  d ryness .  To t h i s  

r e s i d u e ,  b u f f e r  o r  b u f f e r  p l u s  s u b s t r a t e  w a s  added ( 1  m l )  and s w i r l e d  

i n t e r m i t t e n t l y  a t  t h e  r e q u i r e d  t empera tu re .  The s o l u t i o n  was sampled 

( 5 ~ 1 )  a t  r e g u l a r  time i n t e r v a l s  on to  s i l i c a  gel G t l c  p l a t e s  (wi thou t  

f l u o r e s c e n t  i n d i c a t o r ) .  

pe t ro leum e t h e r  (60'C - 8O'C):ethyl a c e t a t e  (70:30) .  

sprayed wi th  10% sodium hydroxide  i n  methanol b e f o r e  d r y i n g  t o  f i x  

t h e  h y d r o l y s i s  product  p r i o r  t o  scanning .  The time between 

comple t ion  o f  e l u t i o n  and scann ing  was kep t  c o n s t a n t .  The r a t i o  of 

[3H]NSP (Rf = 0.35) t o  t h e  h y d r o l y s i s  p roduc t s  was c a l c u l a t e d  by 

The p l a t e s  were e l u t e d  wi thou t  d r y i n g  wi th  

The p l a t e  w a s  
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t r i a n g u l a t i o n .  The pe rcen tage  d e c r e a s e  i n  a g a i n s t  time was 

p l o t t e d  and t h e  rates o f  r e a c t i o n  were ob ta ined  from t h e  g r a d i e n t s  o f  

t h e  curves  expres sed  as pe rcen tage  change per minute.  

Reac t ions  a t  pH >9 were no t  c a r r i e d  o u t  because under t h e s e  

c o n d i t i o n s  h y d r o l y s i s  was proceeding  s o  r a p i d l y  t h a t  meaningful 

a s s a y s  could  n o t  be conducted. 

Tab le  1 R e s u l t s  o f  r e a c t i o n  between N-succinimidyl p r o p i o n a t e  and 

b u f f e r ,  o r  b u f f e r  w i t h  s u b s t r a t e s  

pH ( B u f f e r )  
a t  2O’C 

Percen tage  rate o f  r e a c t i o n  min-1 

N O  With 
a d d i t i v e  With wheat germ(2) 
( h y d r o l y s i s )  l y s i n e ( ’  a g g l u t i n i n  

5 (sodium a c e t a t e )  0.075 

6 (0.2M phosphate)  0.16 

7 (0.2M phosphate)  0.62 

0.18 0.16 

0.75 0.45 

3.22 1.30 (0*57)* 

7.5 (0.2M phosphate)  0.84 5.33 1.80 

8 (0.2M phosphate)  1 .oo 6.00 3.10 (1.47)* 

8.1 ( b o r a t e )  1.18 6.50 2.8 

9 ( b o r a t e )  8.80 - - 
(decompos i t ion )  

* Exper iments  a t  0°C 

( 1  ) c o n c e n t r a t i o n  0.8~mol/ml 

(2) c o n c e n t r a t i o n  5mg/m1 
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7.  RESULTS AND DISCUSSION 

The r a t e  of h y d r o l y s i s  of N-succinimidyl p rop iona te  i n c r e a s e d  wi th  pH and 

above pH 8.0 d e g r a d a t i o n  p roduc t s  o t h e r  t han  p r o p i o n i c  a c i d  were observed. 

The h a l f  l i f e  of NSP was 6.6 min a t  pH 9.0 and 660 min a t  pH 5.0. Yet 

f a s t e r  rates were observed  i n  t h e  presence  o f  v a r i o u s  s u b s t r a t e s .  T h i s  

d a t a  is shown i n  t a b l e  1 .  

The r e a c t i o n  rate wi th  wheat germ a g g l u t i n i n  was much s lower  than  t h a t  f o r  

l y s i n e ,  presumably due  t o  s t e r i c  h indrance .  Temperature had t h e  

a n t i c i p a t e d  e f f e c t  i n  r educ ing  t h e  r a t e  by a f a c t o r  o f  two between 20'C and 

0 ° C .  

S ince  most p r o t e i n s  are more s t a b l e  u i t h i n  t h e  range  pH 4.0-8.0 and a r e  

u s u a l l y  s t a b l e  f o r  s h o r t  p e r i o d s  i n  t i m e  i n  s o l u t i o n  a t  room tempera tu re  

optimum c o n d i t i o n s  were concluded  t o  be pH 7.5 b u f f e r  a t  room tempera tu re  

f o r  approximate ly  two hours .  Subsequent  exper iments  u s i n g  d i f f e r e n t  

s u b s t r a t e s  were c a r r i e d  ou t  under  t h e s e  c o n d i t i o n s  and t h e  r e s u l t s  are 

shown i n  Table  2. 

From Table  2 i t  may b e  s e e n  t h a t  t h e  sulphydryl-SH f u n c t i o n a l  group i s  

very  r e a c t i v e  wh i l e  a d i s u l p h i d e  b r i d g e  i n  a p e p t i d e  i s  u n l i k e l y  t o  be  

a f f e c t e d  du r ing  t h e  cour se  of r e a c t i o n .  Lys ine  is  more r e a c t i v e  than  o t h e r  

amino a c i d s  and its unhindered  e p s i l o n  amino group reacts a t  approx ima te ly  

twice  t h e  rate of t h e  a lpha  amino group. H i s t i d i n e  has  a s u b s t a n t i a l  

r e a c t i o n  r a t e  w i th  NSP under  t h e s e  c o n d i t i o n s  t h e r e f o r e  l a b e l l i n g  o f  t h i s  

group is l i k e l y  i n  p r o t e i n s .  Reac t ion  ra tes  o f  NSP w i t h  a r g i n i n e ,  

t ryp tophan  and pheny la l an ine  a r e  s i g n i f i c a n t ,  s o  N-terminal l a b e l l i n g  o f  

p e p t i d e s  is p o s s i b l e  provided  t h e  N-terminal i s  n o t  s t e r i c a l l y  h indered .  
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NSP has  been used i n  v ivo  ( l )  and r e a c t i o n  with adenos ine  and c y t o s i n e  

demons t r a t e  t h a t  r e a c t i o n  wi th  p o l y n u c l e o t i d e s  would be minimal. A s  

expec ted  NSP does  n o t  r e a c t  w i th  n e u t r a l  ca rbohydra t e s .  

Tab le  2 R e s u l t s  o f  r e a c t i o n  between NSP and s u b s t r a t e s  

i n  phosphate  b u f f e r  pH 7.5, 20'C for 2 hour s  

S u b s t r a t e s  
Pe rcen tage  rate Corrected* 
o f  r e a c t i o n  Reac t ion  rate 

min -1 wi th  s u b s t r a t e  
min -1 

none 

2-Mercaptoethanol 

Lys ine  

N-a-t-Boc-L-histidine 

N- -t-Boc-L-lysine 

Wheat germ a g g l u t i n i n  

N- a- t -Boc-L-arginine 

DL-phenylalanine 

N-t-Boc-L-tryptophan 

Adenosine 

Cytos ine  

2-Hydroxyethyldisulphide 

D-glucose 

0.84 

11.43 

5 073 

2.93 

2.296 

1.80 

1.79 

1.63 

1.49 

1.39 

0.96 

0.84 

0.82 

- 
10.59 

4.49 

2.09 

1.45 

0.96 

0.95 

0.79 

0.65 

0.55 

0.12 

* Percen tage  r e a c t i o n  rate minus ra te  of h y d r o l y s i s  
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4 .  CONCLUSION 

NSP r e a c t s  w e l l  w i th  pr imary  amines. P r o t e i n s  may be  l a b e l l e d  with 

N-succinimidyl-[ 2 ,7-3H]propionate i n  t h e  range pH 7.5-8.0 a t  room 

tempera tu re  f o r  1 t o  2 hour s  o r  f o r  l onge r  p e r i o d s  a t  0 ° C .  This  r e a c t i o n  

t ime w i l l  accommodate t h e  lower r e a c t i o n  r a t e  o f  l y s i n e  groups which t o  

some e x t e n t  w i l l  be s t e r i c a l l y  h inde red  when i n c o r p o r a t e d  i n  p r o t e i n s .  

When p r e s e n t ,  c y s t e i n e  r e s i d u e s  w i l l  react wi th  NSP. T h i o l  r e a g e n t s ,  

which a r e  o f t e n  used t o  s t a b i l i s e  some p r o t e i n s ,  must be absen t  when 

l a b e l l i n g  w i t h  N-succinirnidyl-[ 2 ,  3-3H]propionate. 
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