
Journal of Labelled Compounds and Radiopharmaceuticals-Vol. XXII,  No. 8 

FACTORS INFLUENCIK; R E A C T I V I n  OF THEMAL H(T) AT(MS W I T H  SOLIDS. 
I .  PHYSICAL EFFECTS 

Richard E.  Ehrenkaufer  
Cyclotron/PET F a c i l i t y ,  U n i v e r s i t y  of Michigan, Ann Arbor ,  Michigan 48109 

Wylie C .  Hembree 
Co l l ege  of Phys ic i ans  and Surgeons,  Columbia U n i v e r s i t y ,  New York, NY 10032 

Al f r ed  P. Wolf 
Dep t .  of  Chemistry,  Brookhaven Na t iona l  Labora to ty ,  Upton, NY 11973 

s u m  
The e f f e c t s  of s u r f a c e  a r e a  and t h e  n a t u r e  of t h e  s u r f a c e  were i n v e s t i g a t e d  

f o r  samples l a b e l e d  by t h e  microvave d i s c h a r g e  a c t i v a t i o n  (MDA) - t r i t i u m  atom 
technique.  When l a b e l i n g  powdered samples of  d i f f e r e n t  chemical s t r u c t u r e  t h e  
c rude  s p e c i f i c  a c t i v i t y  ( p r i o r  t o  p u r i f i c a t i o n )  was shown t o  i n c r e a s e  l i n e a r l y  
w i t h  t h e  s p e c i f i c  a r e a  (m2/g) a l though  t h e  f i n a l  s p e c i f i c  a c t i v i t y  of t h e  
p u r i f i e d  compound was found t o  be dependent on t he  chemical n a t u r e  of r e a c t i n g  
sample. Samples depos i t ed  on h i g h  s u r f a c e  area, microporous membrane f i l t e r s ,  
showed l a r g e  i n c r e a s e s  i n  s p e c i f i c  a c t i v i t i e s  compared t o  t h e  l a b e l i n g  of 
powdered samples.  In t h i s  c a s e  t h e  s p e c i f i c  a c t i v i t y  was found t o  be a f u n c t i o n  
of sample t h i c k n e s s  (mg/m2) r each ing  a maximum when t h e  amount of sample was 
less t h a n  or e q u a l  t o  a monolayer on t h e  f i l t e r  s u r f a c e  and decreased as the 
r e c i p r o c a l  of t h e  sample weight  when a monolayer was exceeded. 

F i n a l l y ,  a survey of the  l a b e l i n g  p r o p e r t i e s  of  20 s e l e c t e d  f i l t e r s  u s ing  
L-prol ine as a model compound was c a r r i e d  o u t .  C e l l u l o s i c  ( h y d r o p h i l i c )  f i l t e r s  
were found i n  g e n e r a l  t o  y i e l d  l a b e l e d  p r o l i n e  of t h e  h i g h e s t  s p e c i f i c  a c t i v i t i e s  
whereas t h e  hydrophobic ( v i n y l ,  f l uo roca rbon ,  e tc . )  y i e l d e d  t h e  lowest. I t  was 
also found t h a t  t h e  s p e c i f i c  a c t i v i t y  of most (15 of 20) of t h e  f i l t e r s  was 
l i n e a r l y  r e l a t e d  t o  tritium "y ie ld"  ( X  t r i t i u m  recovered i n  p r o l i n e  a f t e r  
p u r i f i c a t i o n )  i n  the l a b e l e d  p r o l i n e .  

Key Words: T r i t i u m  l a b e l i n g ,  microporous membrane f i l t e r s ,  s u r f a c e  area. amino 
a c i d s ,  L-prol ine,  microwave d i scha rge .  

INTRODUCTION 

T r i t i u m  l a b e l i n g  by microwave d i s c h a r g e  a c t i v a t i o n  of t r i t i u m  gas  (1) has  

been shown t o  be a n  e f f e c t i v e  method of i n c o r p o r a t i n g  t r i t i u m  i n t o  b i o l o g i c a l l y  

important  molecules  (1-6).  I n  t h e  p a s t  w e  and o t h e r s  have e x t e n s i v e l y  i n v e s t i -  

ga t ed  t h e  chemistry of t he  t r i t i u m  exchange r e a c t i o n  ( 5 , 6 , 7 , 8 )  and now would 

l i k e  t o  r e p o r t  r e s u l t s  of s t u d i e s  on some p h y s i c a l  a s p e c t s  of t h e  l a b e l i n g  

p rocess ;  mainly focus ing  on t h e  s u r f a c e  c h a r a c t e r i s t i c s  of t h e  compound being 

l abe led .  These s t u d i e s  have been d iv ided  i n t o  t h r e e  parts, ( 1 )  effect of 

s u r f a c e  a r e a  on t h e  l a b e l i n g  of a powdered subs t ance ,  ( 2 )  e f f e c t  of s u r f a c e  
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a r e a  of a subs t ance  d e p o s i t e d  on a "secondary"  or  "carrier" s u r f a c e ,  and ( 3 )  

t h e  e f f e c t  o f  t he  chemica l  n a t u r e  of t he  carrier s u r f a c e  on which a subs t ance  

is depos i t ed .  

RESULTS AND DISCUSSION 

Sur face  Area: Powders 

The e f f e c t  of t h e  s u r f a c e  a r e a  on t h e  l a b e l i n g  p r o c e s s  has  been d e s c r i b e d  

by s e v e r a l  r e s e a r c h e r s  (1-6,9-11). A s  expec ted ,  appa ren t  i n c r e a s e s  i n  s u r f a c e  

a r e a  u s u a l l y  r e l a t e d  t o  amount of sample l a b e l e d  l e a d  t o  i n c r e a s e s  in l a b e l i n g .  

However, no a t t e m p t s  were made i n  t h e s e  s t u d i e s  t o  q u a n t i t a t e  t h e  s u r f a c e  a r e a  - 

s p e c i f  ic  a c t i v i t y  r e l a t i o n s h i p .  

To q u a n t i t a t e  t h i s  presumed r e l a t i o n s h i p  w e  l a b e l e d  samples  which were 

chemica l ly  d i f f e r e n t  ( t h e  amino a c i d s  L-Val, L-ala,  L-phe, and  a p e p t i d e  L-val- 

L-ala-L-ala-L-phe, composed of t hose  amino a c i d s )  bu t  w i t h  known s u r f a c e  areas. 

Comparison of s u r f a c e  areas t o  b o t h  " i n i t i a l "  ( c r u d e )  s p e c i f i c  a c t i v i t i e s  

( c a l c u l a t e d  on t h e  basis t o t a l  t r i t i u m  i n c o r p o r a t i o n  p r io r  to chromatographic  

p u r i f i c a t i o n )  and t h e  " f i n a l "  s p e c i f i c  a c t i v i t i e s  (o f  t h e  ch romatograph ica l ly  

pure  compound) w i l l  e n a b l e  one t o  s e p a r a t e  t h e  e f f e c t  of s u r f a c e  a r e a  d i f f e r e n c e s  

a s  w e l l  a s  chemica l  d i f f e r e n c e s  and t h e i r  i n f l u e n c e  on t h e  s p e c i f i c  a c t i v i t y .  

From r e s u l t s  shown i n  Table  I ,  s e v e r a l  o b s e r v a t i o n s  c a n  be made. F i r s t ,  t h e r e  

TABLE I 

SPECIFIC ACTIVITY AS A NNCTION OF SURFACE AREA 

Compound 

S p e c i f i c  
S u r f a c e  Area  Crude S p e c i f i c  P u r i f i e d  S p e c i f i c  

(J / P I  A c t i v i t y  (uCi/mg)a A c t i v i t y  (uCi/mg)b 

L-va l ine  0.154 

L-a l an ine  0 . 2 3 9  

L-phenyla l a n i n e  0.511 

L-Val-L-ala-L-ala-L-phe 7.90 

5 7  .2 

104 

2 58 

3200 

4 -26 

3 . 5 4  

2.37 

44 3 

a S p e c i f i c  a c t i v l t y  based on  t o t a l  t r i t i u m  i n  crude  u n p u r i f i e d  sample a f t e r  t r i t i a t i o n .  

b S p e c i f i c  a c t i v i t y  of p u r i f i e d  sample.  
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is a l i n e a r  c o r r e l a t i o n  between t h e  measured s u r f a c e  a r e a s  and t h e  " i n i t i a l "  

s p e c i f i c  a c t i v i t i e s  of t h e  amino a c i d s  and p e p t i d e s  ( c o r r e l a t i o n  coe f .  0.99996, 

s l o p e  5 400 m C i / m 2 ) .  c o r r e l a t i o n  found between the  s u r f a c e  

areas and t h e  " f i n a l "  o r  p u r i f i e d  s p e c i f i c  a c t i v i t i e s  excep t  t h a t  as has  been 

observed b e f o r e  i.e. t h e  p e p t i d e  had t h e  h i g h e s t  s p e c i f i c  a c t i v i t y  and was f a r  

g r e a t e r  t han  t h e  sum of I ts  component amino a c i d s  (7a.7d.12).  These r e s u l t s  

i n d i c a t e  t h a t  t h e  amount of tritium r e a c t i n g  wi th  t h e  sample i s  d i r e c t l y  

p r o p o r t i o n a l  t o  t h e  s u r f a c e  a r e a  bu t  t h e  f a t e  ( i e .  r e a c t i o n  pathways l e a d i n g  t o  

observed p roduc t s  i n c l u d i n g  l a b e l e d  pa ren t  compound) i s  predominantly determined 

by t h e  chemical n a t u r e  of t he  s u b s t r a t e .  

Second, t h e r e  is  

Sur face  Area: Samples depos i t ed  on c a r r i e r  s u r f a c e s  

Most s t u d i e s  which have i n v e s t i g a t e d  t h e  e f f e c t  of l a b e l i n g  compounds 

depos i t ed  on a carr ier  s u r f a c e  have had t h e  goa l  of i n c r e a s i n g  t h e  s p e c i f i c  

a c t i v i t y  presumably due e i t h e r  t o  the  inc reased  s u r f a c e  area or a d s o r p t i v e  

effects. u n l i k e  improvements observed i n  Wilzbach l a b e l i n g  ( 1 3 )  adso rp t ion  Of 

samples on s u r f a c e s  such as cha rcoa l  o r  g l a s s  wool p r i o r  t o  microwave d i scha rge  

l a b e l i n g ,  d i d  not show i n c r e a s e s  in t r i t i u m  i n c o r p o r a t i o n  ( 9 ) .  In f a c t ,  

d e c r e a s e s  are observed when charcoal  platinum-black and aluminum are used which 

may be a t t r i b u t e d  t o  inc reased  t r i t i u m  atom recombinat ion r a t e s  on t h e s e  sur-  

f a c e s  (9,lO). In c o n t r a s t .  r e c e n t  r e p o r t s  have shown t h a t  t h e  l a b e l i n g  of 

samples depos i t ed  on microporous membranes ( l o ) ,  o r  g l a s s  f i b e r  f i l t e r s  ( 6 ) ,  

g i v e  rise t o  l a r g e  i n c r e a s e s  (40-500 f o l d )  i n  s p e c i f i c  a c t i v i t y  compared to  

l a b e l i n g  t h e  same samples as powders or f i l m s .  To  i n v e s t i g a t e  t h e  r o l e  t h a t  

s u r f a c e  a r e a  may c o n t r i b u t e  t o  t h e s e  observed i n c r e a s e s ,  L-prol ine i n  va ry ing  

amounts ( 0 . 1  mg t o  10 mg) w a s  depos i t ed  on a c e l l u l o s i c  microporous membrane 

f i l t e r .  The s u r f a c e  areas were subsequen t ly  determined and t h e  f i l t e r s  con ta in -  

i n g  t h e  L-prol ine were l a b e l e d  by t h e  microwave d i scha rge  method. The s p e c i f i c  

a c t i v i t i e s  of t he  p u r i f i e d  L-prol ine samples were determined and compared t o  

one ano the r  a s  w e l l  as wi th  t h e  L-prol ine l a b e l e d  a s  a povder ( a l s o  of known 
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TABLE 11 

LABELIK; OF L-PROLINE AS A WNCTION OF ITS SPECIFIC SURFACE AREA 
AND SAMPLE THICKNESS 

S p e c i f i c  
Amount of L-Proline S t a t e  of Su r face  Area Sample Thickness Sp. A c t .  

l abe l ed  ( m e )  L-Proline m2 /g mg/m2 c mC i /mmo 1 

None ( c o n t r o l  f i l t e r )  -- 13.875 

0.10 C M P  12.471 

1.00 CNF 12.075 

10 .oo CMF 8.835 

5.60 Powde r b  0.241 

-- 
0.092 

0.940 

11.68 

-- 

-- 
250 

112 

21.2 

2.42 

aSamples were depos i t ed  on a c e l l u l o s e  M i l l i p o r e  f i l t e r  (CMF) in 200 PL water and 
evaporated in a d e s i c c a t o r .  CnF HAUP04700, 47 mm d i ame te r ,  0.45 Dm pore s i z e .  

h - P r o l i n e  powder d i s p e r s e d  on a g l a s s  s u r f a c e  ( 4 5  mm diameter) .  

WS 

wt-s 
CSample t h i c k n e s s  ( m g / d )  - - 

when: 

Ws = Amount of sample (mg) 

W t  - T o t a l  v e i g h t  of sample + f i l t e r  (9) 

s = S p e c i f i c  s u r f a c e  a r e a  (m2/g) 

( ave rage  w t .  of a n  empty f i l t e r  was determined t o  be 86.9 mg). 

s u r f a c e  a r e a ) .  R e s u l t s  a r e  shown in Table 11. Large i n c r e a s e s  in s u r f a c e  a r e a  

and s p e c i f i c  a c t i v i t y  a r e  noted when comparing t h e  microporous f i l t e r  depos i t ed  

samples t o  t h e  powdered sample. F u r t h e r  I n c r e a s e s  a r e  a l s o  noted among t h e  

m i l l i p o r e  depos i t ed  samples as t h e  amount of sample l abe led  is decreased.  

These i n c r e a s e s  a r e  f u n c t i o n a l l y  r e l a t e d  t o  t h e  r e c i p r o c a l  of t h e  sample weight 

( l / x )  and can be explained in t h e  fo l lowing  way: A t  a low loading of sample on 

a f i l t e r  s u r f a c e  ( i e .  one monolayer or l e s s )  a maximum ( a )  l a b e l i n g  occur s .  

Once a monolayer ( B )  is exceeded t h e  t o p  l a y e r  s t i l l  g e t s  maximally l a b e l e d  (a) 
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b u t  i s  d i l u t e d  wi th  un labe led  carrier ( x )  and t h e  s p e c i f i c  a c t i v i t y  drops as 

a/(p+X). T h i s  c o n t i n u e s  u n t i l  a l a r g e  amount of  sample is d e p o s i t e d  caus ing  

d r a s t i c  changes (dec rease )  i n  s u r f a c e  area a t  which p o i n t ,  due t o  c logg ing  of 

p o r e s ,  a f u r t h e r  l a r g e  dropoff  i n  S p e c i f i c  a c t i v i t y  would be observed g r e a t e r  

t h a n  t h e  a/( B + x )  p r e d i c t i o n .  Evidence f o r  t h i s  e x p l a n a t i o n  can be s e e n  i n  

F igu re  1. The cu rve  p l o t t e d  i s  an e m p i r i c a l l y  c a l c u l a t e d  cu rve  (see appendix) 

r e l a t i n g  a c a l c u l a t e d  s p e c i f i c  a c t i v i t y  ( u s i n g  a/( B+x) r e l a t i o n s h i p )  VS. t h e  

sample t h i c k n e s s  (mg/m2). The c i r c l e d  p o i n t s  are experimental  p o i n t s .  

I t  has been e s t ima ted  (see appendix) t h a t  a monolayer of L-p to l ine  on such 

a f i l t e r  is approximately 0 . 4 5  mg ( o r  0.42 mg/m2). We a l so  have expe r imen ta l  

evidence that l e n d s  suppor t  to  t h i s  estimate. Labe l ing  experiments  u s i n g  1 mg 

of  L-prol ine on t h e  f i l t e r  r e s u l t  i n  a e p e c i f i c  a c t i v i t y  of 3 C i / m e o l  a l e v e l  

a t  which s t a t i s t i c a l l y  one p r o l i n e  o u t  of 10 would be l a b e l e d .  P ro ton  decoupled 

t r i t i u m  NMR's of t h e s e  samples,  however, has  c l e a r l y  shown t r i t i u m - t r i t i u m  

coup l ing  w i t h i n  t h e  same molecule  (10 ,12 ) .  Th i s  i n d i c a t e s  t h a t  even a t  1 mg 

l e v e l  some m u l t i p l e  s u r f a c e  l a b e l i n g  e v e n t s  i n  I! molecule have t aken  p l a c e .  

The l o v e r i n g  of t h e  s p e c i f i c  a c t i v i t y  to  3 C i / m m o l  is t h e r e f o r e  caused p r i m a r i l y  

by d i l u t i o n  wi th  un labe led  subsu r face  l a y e r  L-prol ine.  From t h e s e  d a t a  we can 

set an  upper  l i m i t  f o r  a monolayer of 1 mg of  L-prol ine.  

We have a l s o  been a b l e  t o  set  a lower'limit of 10 mg of p r o l i n e  pe r  f i l t e r  

f o r  t he  l e v e l  a t  which the  f i l t e r  po res  may become clogged.  The evidence f o r  

t h i s  is t h r e e  f o l d .  1 )  The f i l t e r  s u r f a c e  area changes on ly  s l i g h t l y  wi th  

i n c r e a s i n g  amounts of L-prol ine,  dec reas ing  on ly  36% (compared t o  t h e  empty 

f i l t e r )  w i t h  t h e  a d d i t i o n  of 10 mg of p r o l i n e  (Tab le  11). 2 )  The l a b e l i n g  

specific a c t i v i t y ) ,  even a t  t h e  10 mg l e v e l ,  i s  n i c e l y  p r e d i c t e d  from t h e  sample 

t h i c k n e s s  ( F i g u r e  I ) .  This  i n d i c a t e s  t h a t  t h e  f a l l  off  is predominantly 

a t t r i b u t a b l e  t o  d i l u t i o n  w i t h  un labe led  subsu r face  l a y e r  p r o l i n e  and that no 

p r e c i p i t o u s  f a l l  o f f  h a s  occur red  due t o  o t h e r  f a c t o r s  such as pore c logg ing .  
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FIGURE1. SPECIFIC ACTIVITY of  L-PROLINE 

as a FUNCTION of SAMPLE THICKNESS 

- Calculated curve 

0 Enperimenlal data pointr 1 

0 2 4 6 8 10 12 
SAMPLE THICKNESS (mg/m2) 

3) Scanning e l e c t r o n  microscope p i c t u r e s  of t h e  p r o l i n e  c o n t a i n i n g  f i l t e r s  show 

l i t t l e  change i n  s u r f a c e  c h a r a c t e r i s t i c s ,  or i n d i c a t i o n  of pore c logg ing ,  as 

compared wi th  the  empty f i l t e r ,  even w i t h  10 mg of p r o l i n e .  

Nature of t h e  Secondary Sur face  - Microporous F i l t e r  Survey 

From the  d a t a  so f a r  p re sen ted  (see a l s o  r e f .  6 , 7 , 9 , 1 0 , 1 1 )  i t  is c l e a r  

t h a t  a l though  s u r f a c e  a r e a  p l ays  a major r o l e  in t h e  l a b e l i n g ,  t h e  n a t u r e  

( s t r u c t u r e  and chemical composi t ion)  of t h e  l a b e l i n g  s u r f a c e  is a l s o  important .  

R e a l i z i n g  t h i s ,  and t h e  f a c t  t h a t  l a b e l i n g  on microporous membrane f i l t e r s  

l e a d s  to  l a r g e  i n c r e a s e s  i n  s p e c i f i c  a c t i v i t y ,  w e  i n v e s t t g a t e d  t h e  l a b e l i n g  o f  

L-prol ine ( a s  a model compound) on 20 of t h e s e  f i l t e r s  w i t h  va ry ing  composi t ion 

and from var ious  s u p p l i e r s .  The r e s u l t s  ( s e e  Table  111) show t h e  s p e c i f i c  

a c t i v i t i e s  and the  pe rcen t  t r i t i u m  recovery a s  l a b e l e d  p r o l i n e  ( s e e  no te  g 

Table 111) a long  wi th  t h e  chemical composi t ions of t h e  f i l t e r s .  S e v e r a l  observa- 

t i o n s  can  be made from t h i s  t a b l e ;  (1) i n  a l l  c a s e s  t h e  s p e c i f i c  e c t l v i t y  was 

e q u a l  t o  or g r e a t e r  t han  t h a t  of t h e  powdered sample; ( 2 )  both t h e  s p e c i f i c  

a c t i v i t i e s  and t h e  pe rcen t  recovery as  t r i t i a t e d - L - p r o l i n e  show wide v a r i a t i o n s  
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FIGUREP. SPECIFIC ACTIVITY vs. TRITIUM RECOVERY 
O f  L-PROLINE LABELED on MICROPOROUS FILTERS 

401 
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among t h e  d i f f e r e n t  f i l t e r  t ypes ,  and ( 3 )  l a b e l i n g  on t h e  c e l l u l o s i c  t ypes  of 

f i l t e r s  g e n e r a l l y  r e s u l t e d  i n  t h e  h i g h e s t  s p e c i f i c  a c t i v i t i e s .  

F u r t h e r  examinat ion of t h e  d a t a  r e v e a l s  a l i n e a r  r e l a t i o n s h i p  between t h e  

s p e c i f i c  a c t i v i t y  of a sample and t h e  X r ecove ry  a s  p r o l i n e  (see F ig .  11). 

T h i s  appea r s  t o  hold true f o r  15 of t h e  20 f i l t e rs  examined. These d a t a  

correlate w e l l  f o r  t h e  h y d r o p h i l i c  f i l t e r s  ( excep t  # l 3 )  w i t h  t h e  major d e v i a t i o n s  

being observed f o r  t h e  hydrophobic f i l t e r s  ( f i l t e r  #'s 5,10,12,20) .  
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CONCLUSIONS 

The r e l a t i o n s h i p  between s u r f a c e  area and s p e c i f i c  a c t i v i t y  ach ieved  i n  

t h e  MDA l a b e l i n g  t echn ique  is  q u a l i t a t i v e l y  d l f  f e r e n t  when comparing powdered 

samples  wi th  samples depos i t ed  o n t o  "secondary" o r  "carrier" s u r f a c e s .  I n  t h e  

case of powdered samples t h e  t r i t i u m  i n c o r p o r a t i o n  was shown t o  be a f u n c t i o n  

of s p e c i f i c  s u r f a c e  area (m2/g) i n c r e a s i n g  wi th  i n c r e a s i n g  s u r f a c e  area. In- 

c r e a s i n g  t h e  s u r f a c e  area by d e p o s i t i o n  on a secondary s u r f a c e  such as a micro- 

porous f i l t e r  d r a m a t i c a l l y  i n c r e a s e s  t h e  s p e c i f i c  a c t i v i t y  of t h e  samples.  

However, once depos i t ed  on a s u r f a c e ,  t h e  s p e c i f i c  a c t i v i t y  was found t o  be 

dependent on t h e  sample t h i c k n e s s  (mg/m2) r each ing  a maximum when a sample 

t h i c k n e s s  equa l  t o  or less than  a monolayer was achieved (c 0.45  mg on t he  

f i l t e r s  i n v e s t i g a t e d )  a d  dec reased  a t  a ra te  p r o p o r t i o n a l  to  t h e  r e c i p r o c a l  of 

amount l a b e l e d  when a monolayer was exceeded [a/(B+x)]. A survey of  t h e  e f f e c t  

of t h e  n a t u r e  of t h e  f i l t e r  s u r f a c e  on l a b e l i n g  was c a r r i e d  o u t  u s i n g  20 

d i f f e r e n t  f i l t e rs  w i t h  L-p ro l ine  as the  model compound. Enhancement of the 

l a b e l i n g  was observed i n  n e a r l y  a l l  cases i n v e s t i g a t e d .  Labe l ing  on t h e  hydro- 

p h i l i c  c e l l u l o s i c  f i l t e rs  r e s u l t e d  in t h e  h l g h e s t  observed s p e c i f i c  a c t i v i t i e s .  

I t  i s  no t  known whether t h i s  t r e n d  is g e n e r a l  f o r  a l l  classes of compounds or  

i f  d i f f e r e n c e s  may be observed f o r  l e s s  p o l a r  and nonpolar  compounds. L a s t l y ,  

f o r  most (15  of 2 0 )  f i l t e r s  i n v e s t i g a t e d  w e  observed a l i n e a r  r e l a t i o n s h i p  

between the  s p e c i f i c  a c t i v i t y  and t h e  pe rcen t  t r i t t u m  i n c o r p o r a t i o n  (or t r i t i u m  

" y i e l d " )  in t h e  pa ren t  p r o l i n e .  Except ions were mainly found among t h e  hydro- 

phobic f i l t e r s .  

EXPERIMENTAL 

Materials and Methods 

The amino a c i d s  L-valine and L-prol ine were purchased f rom Schwarzhann ,  L- 

a l a n i n e  from t h e  C a l t f o r n i a  Foundation f o r  Blochemical Research,  and L- 

pheny la l an ine  from N u t r i t i o n a l  Biochemicals.  The p e p t i d e  L-va1yl-L-alanyl-L- 

a lanyl-L-phenylalanine was purchased from Fox Chemicals (Now Vega-Biochemicals). 

The amino a c i d s  and p e p t i d e s  were used wi thou t  p r i o r  p u r i f i c a t i o n .  
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Sur face  areas were determined by t h e  Micrometr ics  Ins t rumen t  C o .  (Norc ross ,  

Ga.) on a Model 2100 D Orr S u r f a c e  Area-Pore Volume Analyzer by t h e  s t anda rd  

m u l t i p o i n t  B.E.T. t echn ique  u s i n g  k ryp ton  adso rp t ion .  

Scanning e l e c t r o n  microscopy w a s  c a r r i e d  o u t  a t  Brookhaven Na t iona l  Labora- 

t o r y  on a Materials Ana lys i s  scanning e l e c t r o n  microscope Model 800, a magnifi-  

c a t i o n  of 5000 was used. 

Microporous membrane f i l t e r s  were ob ta ined  from t h e  fol lowing companies: 

M i l l i p o r e  Corp. (Bedford,  MA), S a r t o r i u s  (South San F ranc i sco ,  CA), Amicon 

(Lexington,  MA), Gelaan (Ann Arbor,  M I ) ,  and S c h l e i c h e r  and S c h u e l l  (Keene, NH). 

Liqu id  s c i n t i l l a t i o n  coun t ing  was c a r r i e d  ou t  on a Beckman LS-I1 spec t ro -  

meter  i n  Aquasol or B i o f l u o r  ( N e w  England Nuc lea r )  s c i n t i l l a t o r  s o l u t i o n s .  

Samples were e f f i c i e n c y  c o r r e c t e d  by t h e  use  of a n  i n t e r n a l  s t anda rd  (%-tolu-  

ene ) .  

Sample p r e p a r a t i 2  

Powders of the amino a c i d s  and t h e  p e p t i d e  were l a b e l e d  as  r ece ived  from 

t h e  s u p p l i e r .  L-prol ine used in t h e  f i l t e r  l a b e l i n g  s t u d i e s  was a p p l i e d  t o  t h e  

f i l t e r s  in 200 u1 water s o l u t i o n  ( o r  o t h e r  a p p r o p r i a t e  s o l v e n t  a s  noted i n  

Table 111) and evapora t ed  to  d ryness  in a vacuum d e s s i c a t o r .  

L a b e l i n g  

Labe l ing  of t h e  L-val ine,  L-alantne,  L-phenylalanine and t h e  t e t r a p e p t i d e  

L-Val-L-ala-L-ala-L-phe, w a s  c a r r i e d  ou t  i n  t h e  s y s t e m  desc r ibed  i n  r e f .  (1) 

w i t h  mod i f i ca t ions  found i n  r e f .  ( 7 a ) .  React ion c o n d i t i o n s  were: 4 rng sample,  

4 torr h2 gas ( %  1 C i ) ,  l i q u i d  n i t r o g e n  c o o l i n g ,  20 w a t t s  microwave power, a 

c y c l i n g  pump r a t e  of 175 cyc le s /min ,  and a r e a c t i o n  t i m e  of 5 minutes .  

P r o l i n e  samples were l abe led  as a powder and on microporous membrane 

f i l t e r s  in t h e  l a r g e  s i n g l e  sample l i q u i d  n i t r o g e n  cooled system designed for 

f i l t e r  l a b e l i n g  d e s c r i b e d  in r e f e r e n c e  (10) .  React ion c o n d i t i o n s  were: 4 t o r r  

3H2 gas ( %  2 Ci), 30 watts  microwave power, a pumping ra te  of 180 cyc le s /min  

and a r e a c t i o n  time of f t v e  minutes .  
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P u r i f i c a t i o n  

T r i t i a t e d  L-alanine and L-valine samples were p u r i f i e d  by s u c c e s s i v e  

chromatographies  on a 10 m l  p i p e t t e  column of AG SOW-XB c a t i o n  exchange r e s i n  

(200-400 mesh), 0 . 1  M pyr id ine -ace t i c  a c i d  b u f f e r  pH 3.1,  followed by chroma- 

tography on 0.9 x 60 c m  AG 50W-X8 wi th  t h e  same b u f f e r  a t  37"C, and a f low rate 

of 2 0  mL/hr. L-phenylalanlne was chromatographed i n i t i a l l y  on AG 5OW-X8 10  mL 

p i p e t t e  column u s i n g  a g r a d i e n t  from 0 . 1  M pyr id ine -ace ta t e ,  pH 3.1 t o  0 .5  M a t  

a @ of 5.0. The L-phe w a s  subsequen t ly  chromatographed on 3 s u c c e s s i v e  0 .9  x 

100 c m  AG 5oW-X8 columns which were developed f i r s t  i s o c r a t i c a l l y  w i t h  0 .1  M 

p y r i d i n e - a c e t a t e  (pH 3.1) followed by a g r a d i e n t  0.1 M +  0.5 M a t  37",  20 mL/hr. 

These e x t r a  chromatographies  were found to be necessa ry  due to  t h e  presence of 

a r a d i o a c t i v e  impur i ty  wi th  ion exchange p r o p e r t i e s  s imi la r  t o  that of L-phe. 

( T h i s  may be B-cyclohexylalanine.  See r e f .  #8a) .  The t e t r a p e p t i d e  L-val-L-ala- 

L-ala-L-phe w a s  p u r i f i e d  i n i t i a l l y  on a 10  mL p i p e t t e  AG 50W-XZ column w i t h  a 

0 . 1  M (pH 3.1) up to 1.0 M (pH 5.0) p y r i d i n e - a c e t a t e ,  fol lowed by chromatography 

on 0.9 x 100 c m  AG 5oW-X2 (200-400 mesh) wi th  a g r a d i e n t  u s i n g  t h e  same b u f f e r s  

a t  37" and a flow r a t e  of 2 0  mL/hr. P r o l i n e  samples were e l u t e d  from t h e  

f i l t e r s  i n  0.1 N H C 1  ( 2  mL). Carrier p r o l i n e  (1 .0  mg) was added t o  t h e  100 p g  

p r o l i n e  sample f o r  easier p u r i f i c a t i o n .  The p r o l i n e  was then  p u r i f i e d  by 

s u c c e s s i v e  i o n  exchange chromatographies a s  desc r ibed  i n  r e fe rence  ( 1 0 ) .  F i n a l  

p u r i f i c a t i o n  was by HPLC ion  exchange chromatography on H-70 i o n  exchange r e s i n  

(Hamilton Corp. see re f .  ( 1 0 ) .  

I n  a l l  c a s e s  s p e c i f i c  a c t i v i t y  p r o f i l e s  were determined s e r i a l l y  a c r o s s  

t h e  d e s i r e d  amino a c i d  (or p e p t i d e )  peak to  ensu re  r ad iochemica l  p u r i t y .  

P u r i f i e d  L-alanine and L-val ine samples were a l s o  s u b j e c t e d  t o  g l c  a n a l y s e s  t o  

demonstrate  t h e i r  p u r i t y  (see r e f .  7a ,  7b f o r  g l c  d e r i v a t i v e s  and a n a l y s i s  

c o n d i t i o n s ) .  
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1 3 .  

APPENDIX 

S p e c i f i c . A c t i v 1 t y  as a Func t ion  of Sample Thickness  

1. Estimate of p r o l i n e  croes s e c t i o n a l  area. 

a)  Assumed t o  be similar t o  t h a t  of benzene ( 4 3  g2)* 
b)  Est imated from c r y s t a l  s t r u c t u r e  by superimposing Van d e r  Waals r a d i i  

r a d i i  (33 g2). 
c r o s s - s e c t i o n a l  area of 42.8 R2 was ob ta lned .  

When packed i n t o  a r easonab le  geometr ic  l a t t i c e  a 

Using 43 @ / p r o l i n e  a va lue  of 0.42 mg/m2 c o n s t i t u t e s  a monolayer of L-prol ine 

or 0.445 m g / f i l t e r  ( c a l c .  from Tab le  I1 assuming 1.07 m 2 / f i l t e r  a t  a load ing  

of between 0.1 t o  1.0 mg p r o / f l l t e r ) .  

2 .  Maximum t r i t i u m  a c t i v i t y  f o r  a monolayer was c a l c u l a t e d  from t h e  s p e c i f i c  

a c t i v i t y  of t h e  0.1 mg sample l a b e l e d  s i n c e  t h i s  is below t h e  monolayer amount. 

A t  250 m C i / m m o l  0.1 mg would c o n t a i n  217.5 PCi; a monolayer of 0.445 mg would 

t h e r e f o r e  c o n t a i n  968 V C i .  

3 .  To determine t h e  eample t h i c k n e s s  (mg/m2) of va ry ing  amounts of  p r o l i n e  

( s i n c e  t h e  s u r f a c e  a r e a  v a r i e s  s l i g h t l y  wi th  amount of sample on t h e  f i l t e r )  

a p l o t  was made t o  known p o i n t s  (1.00 mg, 0.94 mg/m2; 10.00 m g ,  11.7 ag/m2 - 
see Tab le  11) and i n t e r m e d i a t e  v a l u e s  were determined from t h e  graph.  

4. Func t iona l  form of t he  s p e c i f i c  a c t i v i t y .  
a 

( 8 +  x) 
S p e c i f i c  a c t l v i t y  (mCi/mg) = 

W c C l e l l a n ,  A . S .  and Harnsbe rge r ,  H.F., J .  Co l lo id  and I n t e r f a c e  S c i . ,  23: 
577 (1967) .  
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where: 

R .  E.  Ehrenkaufer, W. C. Hembree and A.  P .  Wolf 

0 = T o t a l  t r i t i u m  a c t i v i t y  f o r  a monolayer (di) 

0 = Amount of sample i n  a monolayer (mg) 

( 0  + x) = T o t a l  sample weight  (mg) 

For  the  L-Proline/microporous f i l t e r  system desc r ibed :  cx = 0.968 m C i  

6 = 0.445 mg 

Sample Values  Used t o  Genera t e  Curve i n  F igu re  1. 

W t .  of Sample Thickness  Calc. sp .  a c t .  
(me) (mg/m2) (mc i /mmo 1 )  

0.445 0.42 250 maximum 

1 0.94 111 

2 2 .20  56 

3 3 . 3 0  37 

5 5 . 7 0  22 

7 8.10 16 

10 11.70 11 

Actua l  expe r imen ta l  va lues  p l o t t e d  (c i rc les  i n  
F igu re  1 )  are shown in Tab le  11. 




