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SUMMARY 

A new appara tus  was c o n s t r u c t e d  t o  t r i t i a t e  b i o l o g i c a l  

mo lecu les  u s i n g  mass ana lysed t r i t i u m  i o n  beams. 

magnet ic s e c t o r  o f  t h i s  d e v i c e  was c o n s t r u c t e d  o f  h i g h  

f i e l d  Sm-Co permanent magnets. Mass ana lyzed i o n s  o f  

d e s i r e d  k i n e t i c  energy were impacted  on an i n v o l a t i l e  

s o l i d  and 3H exchanged f o r  H. The 3H3+ i o n s  were found 

t o  be more r e a c t i v e  than  3H2+ ions .  

a ldehyde l e u p e p t i n  was u t i l i z e d  t o  t e s t  t h e  e f f i c a c y  o f  

mass ana lyzed i o n  beam t r i t i a t i o n  and l e u p e p t i n  was n o t  

decomposed by t h i s  process. 

The 

The s e n s i t i v e  p e p t i d e  
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INTRODUCTION 

Organic mo lecu les  have been t r i t i a t e d  i n  a number o f  w a y s j l )  i n c l u d i n g  

d i r e c t  chemical  syn thes is ,  c a t a l y t i c  hydrogen exchange, b i o s y n t h e t i c  mod i f i ca -  

t i o n s  and chemical  m o d i f i c a t i o n s . ( * )  The W i l ~ b a c h ( ~ )  techn ique  i s  a genera l  

l a b e l i n g  method b u t  i t  leads  t o  a h i g h  l e v e l  o f  chemical  decompos i t ion  i n  t h e  

 ample.(^,^) 
f r e e  r a d i c a l  i n t e r ~ e p t o r ( ~ 1  and microwave d i scha rge ( * )  produce h i g h e r  l e v e l s  

o f  r a d i o a c t i v i t y  b u t  f o r  compounds o f  h i g h e r  mo lecu la r  we igh t ,  decompos i t ion  

Other genera l  techn iques  such as e l e c t r i c a l  d ischarge. (6 )  t h e  
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can be a problem. 

A general method t o  l a b e l  p r o t e i n s ,  pep t ides  and o t h e r  n o n v o l a t i l e  

o rgan ic  compounds w i t h  a t r i t i u m  i o n  beam was developed r e c e n t l y . ( 9 )  

samples were l a b e l e d  i n  s h o r t  t imes w i t h  no observable decomposi t ion o r  loss 

o f  b i o l o g i c a l  a c t i v i t y .  

These 

The present  s tudy was undertaken t o :  con f i rm  t h e  i d e n t i t y  o f  t h e  

r e a c t i v e  species i n  t h e  i o n  beam method, examine t h e  r e a c t i v i t y  o f  d i f f e r e n t  

t r i t i u m  i o n  species thus  maximiz ing t r i t i u m  i n c o r p o r a t i o n  by t h i s  approach. 

EXPERIMENTAL APPARATUS 

The exper imenta l  apparatus developed f o r  t h i s  i n v e s t i g a t i o n  c o n s i s t e d  o f  

an e l e c t r o n  impact i o n  source, a magnet ic mass sec to r ,  and ion-sample i n t e r -  

a c t i o n  reg ion.  A schematic o f  t h e  i o n  beam apparatus i s  shown i n  f i g u r e  1. 

Reactant i o n s  were produced by c o n t r o l l e d  e l e c t r o n  impact i o n i z a t i o n  o f  

t r i t i u m  gas. 

- in to  t h e  source chamber by a vo l tage  v a r i a b l e  from 0 t o  60 v o l t s .  Two 

E l e c t r o n s  e m i t t e d  by a d i r e c t l y  heated f i l a m e n t  were a c c e l e r a t e d  

Fig. 1. Schematic drawing of t h e  i o n  beam apparatus mounted on t h e  end f l a n g e  

o f  t h e  t r i t i a t i o n  chamber. 



Tritiation with 3H3+ Ion Beams 

c i r c u l a r  samarium-cobalt permanent magnets of 1.27 cm diameter were used t o  

c o l l i m a t e  the  e l e c t r o n  beam i n t o  a t i g h t  s p i r a l  as i t  passed through the i o n  

source. Ions formed by e l e c t r o n  impact were gen t l y  pushed through a 

r e l a t i v e l y  l ong  (1 cm) d is tance t o  the i o n  source e x i t  s l i t .  As the i o n s  

t r a v e l e d  from t h e i r  p o i n t  of formation i n  the e l e c t r o n  beam t o  the e x i t  s l i t ,  

t he  f o l l  owing ion-mol ecule reac t i ons  (lo) 

occurred t o  form 3H3+ ions. 

t o  terminal  v e l o c i t i e s  by voltages placed on p la tes  L2 and L3. The r e l a t i v e  

p o s i t i o n s  o f  the var ious elements o f  t h i s  source are i l l u s t r a t e d  i n  f i g u r e  2. 

Both reactant  3H2+ and 3H3+ ions were accelerated 

Fig. 2 
The e l e c t r o n  impact i o n  source. 
Labeled are the f i l amen t  F, the 
source chamber S ,  the r e p e l l e r  
p l a t e  RP, t he  e l e c t r o n  c o l l i -  
mating magnets M, and the beam 
focus ing and acce le ra t i on  p la tes  
L1, L2, and L3. 

A f t e r  acce le ra t i on  the ions d r i f t  i n t o  a 90" i n f l e c t i o n  f i e l d  magnetic 

sector  w i t h  a 3.61 cm radius of curvature. This magnetic sector  was con- 

s t r u c t e d  of h igh f i e l d  samarium-cobalt. The magnets were machined from 5.1 cm x 

5.1 cm x 1.3 cm stock then magnetized. A f i e l d  s t reng th  on the  order o f  2000 

gauss was obtained f o r  a 2.5 cm gap between the po le  faces. 

Momentum analyzed ions were focused on the  sample. The sample, i n  a 

1 cm2 t r a y ,  was e l e c t r i c a l l y  i n s u l a t e d  from the  sample holder  box which a l lows 

only  focused ions from the  magnetic sector  t o  s t r i k e  the  sample. The t ray was 

connected t o  ground through an ammeter which al lowed measurement o f  i o n  

cu r ren t  a t  t he  sample. 
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EXPERIMENTAL PROCEDURE 

Samples were i n s t a l l e d  i n  t h e  system by w i thd raw ing  t h e  i o n  beam 

apparatus a t tached  t o  t h e  f r o n t  f lange of t h e  vacuum chamber shown i n  f i g u r e  3. 

The sample, l y o p h i l i z e d  on to  t h e  su r face  o f  a sample t r a y ,  was p laced  i n  t h e  

sample h o l d e r  box. A l though l a r g e r  sample s i z e s  can be t r i t i a t e d ,  bes t  

r e s u l t s  were ob ta ined  w i t h  a sample we igh t  of 3-75 mg. The f l a n g e  s u p p o r t i n g  

t h e  appara tus  was then  b o l t e d  t o  t h e  end of t h e  vacuum chamber and t h e  system 

pumped t o  a p ressu re  of t o  tor t - .  Then t h e  vacuum chamber 

was c l o s e d  o f f  f rom t h e  pumping system and t r i t i u m  was admi t ted  i n t o  t h e  

chamber t o  a p ressu re  o f  2-5 m t o r r .  

With t h e  i o n  a c c e l e r a t i o n  v o l t a g e  s e t  t o  focus  t h e  r e a c t a n t  i o n  of 

i n t e r e s t  on to  t h e  sample, a c u r r e n t  o f  app rox ima te l y  3 Amps was passed th rough  

t h e  f i l a m e n t  t o  produce an e l e c t r o n  beam w i t h  a c u r r e n t  o f  200-400 pAmps. The 

e l e c t r o n s  were a c c e l e r a t e d  t o  an energy o f  50eV t o  i o n i z e  t h e  t r i t i u m  gas. 

To ta l  exposure t i m e  o f  t h e  s o l i d  l e u p e p t i n  sample was 3-1/2 t o  4 h rs .  d u r i n g  

which an average o f  6 x 

T r i t i a t e d  l e u p e p t i n  was p u r i f i e d  and c h a r a c t e r i z e d  as p r e v i o u s l y  desc r ibed  by 

Bush e t  a1 .('I 

coulombs o f  charge s t r i k e  t h e  sample su r face .  

G o  
HIGH 

SPEED 
DIFFUSION 

PUMP 

t r i t i a t i o n  vacuum chamber, Labe led  a re ;  ( 1 )  t h e  main chamber, 

s h u t - o f f  valve,  ( 3 )  t r i t i u m  gas r e s e r v o i r ,  ( 4 )  need le  va l ve ,  

Pd-C3H2 recove ry  system, and ( 6 ) ,  (7), and (8 )  p ressu re  gauges. 
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RESULTS AND D I S C U S S I O N  

T r i t i u m  i o n  beam l a b e l i n g  o f  a number o f  p r o t e i n s  and pep t ides  has been 

r e p o r t e d  by Bush e t  a1.(9) who suggested t h a t  f a s t  3H3+ i o n s  were t h e  r e a c t i v e  

spec ies  i n  t h i s  exchange process. However, t hese  exper iments  l acked  mass 

a n a l y s i s  and 3H2+ formed i n  e l e c t r o n  impact i o n i z a t i o n ,  as w e l l  as 3H3+ f rom 

ion-molecu le  r e a c t i o n s  and f a s t  3H2, f rom gas-phase charge t r a n s f e r  

i n t e r a c t i o n s ,  were cons idered as p o s s i b l e  reac tan ts .  Subsequent ab i n i t i o  

s e l  f - c o n s i s t e n t  f i e l d  c a l c u l a t i o n s ( l l )  showed a r e p u l s i v e  i n t e r a c t i o n  

p o t e n t i a l  between 3H2 and t h e  model system g l yc ine .  

i n d i c a t e d  an e n e r g e t i c a l l y  f a v o r a b l e  i n t e r a c t i o n  e x i s t s  between 3H3+ and 

g l y c i n e .  

These c a l c u l a t i o n s  

P rev ious l y ,  t h e  s e n s i t i v e  p e p t i d e  aldehyde l e u p e p t i n  was t r i t i a t e d  t o  a 

l e v e l  o f  72 Ci/mol by Bush e t  al.(’) i n  exper iments  i n v o l v i n g  beams composed 

o f  a m i x t u r e  o f  3H3+ and 3H2+ r e a c t a n t  ions .  

p roduc t  showed i n s i g n i f i c a n t  amounts of decompos i t ion  and demonstrated t h a t  

a l l  p o r t i o n s  o f  t h e  p e p t i d e  were l a b e l l e d .  

r e a c t i v i t i e s  of 3H3+ and 3H2f i o n s  we have t r i t i a t e d  t h e  same compound 

l e u p e p t i n  u s i n g  mass ana lyzed i o n  beams. Under optimum c o n d i t i o n s  a 9 mg 

sample o f  l e u p e p t i n  was found t o  i n c o r p o r a t e  t r i t i u m  t o  a l e v e l  o f  364 Ci/mol 

u s i n g  370eV 3H3+ i o n  beams. An average s p e c i f i c  r a d i o a c t i v i t y  va lue  o f  230 

Ci/mol was ob ta ined  f o r  samples i n  t h e  6-12 mg we igh t  range when exposed t o  

3H3+ i o n s  i n  t h e  300 t o  400eV k i n e t i c  energy range. 

t r i t i a t e d  l e u p e p t i n  was observed. 

3H3+ p a r t i c l e s  bombarding t h e  t r a y  a rea  r e s u l t s  i n  s u b s t r a t e  t r i t i u m  

i n c o r p o r a t i o n .  

l e v e l s  o f  i n c o r p o r a t i o n  ( 5  C i /mo l )  wh ich  i n d i c a t e  3H2+ i s  an o rde r  of 

magnitude l e s s  e f f e c t i v e  t r i t i a t i o n  agent than i s  3H3+. 

Complete c h a r a c t e r i z a t i o n  o f  t h e  

I n  o r d e r  t o  compare t h e  i n d i v i d u a l  

No decompos i t ion  o f  t h e  

Approx imate ly  2 ou t  o f  eve ry  100 i n c i d e n t  

The use of 3H2+ as t h e  bombarding spec ies  l e d  t o  much lower  

CONCLUSION 

An i o n  beam t r i t i a t i o n  appara tus  t h a t  a l l o w s  mass s e l e c t i o n  o f  t h e  reac-  

t a n t  i o n i c  spec ies  was developed. S e l e c t i v i t y  o f  t h e  i o n i c  spec ies  has 
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i nc reased  t h e  l e v e l  o f  3H i n c o r p o r a t i o n  and p o i n t s  t o  t h e  impor tance of  con- 

t r o l l i n g  c o n d i t i o n s  t h a t  f a v o r  3H3+ as t h e  r e a c t a n t  when u s i n g  i o n  beam 

l a b e l i n g  techn iques .  
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