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When lyophilized sanples of bovine pancreatic ribonuclease are 
exposed t o  tritiwn gas, the e x c h g e  process can be markedly improved 
by applying high frequency e l ec t r i c  discharges. 

Labelling has been carried out f o r  5 ,  15 OF 30 minutes periods. 
Labile radioactivity,  was then removed by means of moZeeuZar sieving 
and repeated lyophitizations, the t r i t i a t ed  protein being submitted 
t o  further purif ication by ion-exehange chromatography. 

The speci f ic  radioactivity of such purified samples i s  i n  the 
Curie/mole range, and the biological ac t i v i t y  o f  the enzyme remains 
well presemed. The distribution of tritiwn atoms among component 
aminoacids has been dete-mined, a f t e r  acid hydrolysis of the labelled 
protein. 

I. INTRODUCTION 

T r i t i a t i o n  o f  p r o t e i n s  by d i r e c t  e x p o s u r e  t o  t r i t i u m  g a s  h a s  

been a c h i e v e d  i n  a number of cases (1-51.  However t h e  u s e f u l  r a n g e  

o f  a p p l i c a t i o n  o f  t h i s  t e c h n i q u e  is  s e r i o u s l y  l i m i t e d  d u e  t o  t h e  

r a t h e r  l a r g e  v a r i e t y  o f  i m p u r i t i e s  t h a t  may form d u r i n g  t h e  exchange  

p r o c e s s .  
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S e v e r a l  m o d i f i c a t i o n s  l e a d i n g  t o  a h i g h e r  e f f i c i e n c y  have been 

proposed .  Among t h e s e ,  a p p l y i n g  t h e  c o n t i n u o u s  h i g h  f r e q u e n c y  e l e c t r i c  d i s -  

c h a r g e  produced  by a T e s l a  l e a k  d e t e c t o r  [6), s u c c e s s f u l l y  improved t h e  

l a b e l l i n g  o f  a m i n o a c i d s  and o t h e r  b i o l o g i c a l  s u b s t a n c e s .  By compar ison  w i t h  

s i m p l e  e x p o s u r e  t o  t r i t i u m  g a s ,  t h e  l a t t e r  p r o c e d u r e  b r i n g s  a b o u t  a mar- 

kedly  h i g h e r  exchange  r a t e .  w h i l e  impai rment  o f  t h e  b i o l o g i c a l  a c t i v i t y  i s  

i n c r e a s e d  t o  a much lesser d e g r e e  (7, 81.  

The p r e s e n t  p a p e r  d e s c r i b e s  t h e  a p p l i c a t i o n  o f  t h i s  improved 

t e c h n i q u e  t o  t h e  t r i t i u m  l a b e l l i n g  of a w e l l  c h a r a c t e r i z e d  p r o t e i n ,  b o v i n e  

p a n c r e a t i c  r i b o n u c l e a s e .  

11. EXPERIMENTAL 

a; M a t e r i a l s  

C h r o m a t o g r a p h i c a l l y  p u r i f i e d ,  s a l t - f r e e  b o v i n e  p a n c r e a t i c  r i b o -  

n u c l e a s e  (RNasel was p u r c h a s e d  f r o m  Koch-Light  ( S p e c i f i c  a c t i v i t y  : 7 0  Ku-  

n i t z  un i t s /mg (911. O e x t r a n  g e l  Sephadex G-25 was o b t a i n e d  f r o m  Pharmacia  

( U p p s a l a ,  Sweden) and  c a r b o x y m e t h y l - c e l l u l o s e  f r o m  Whatman. The t r i t i u m  

g a s  t h a t  was used  had a n  i s o t o p i c  p u r i t y  above  98 %. A l l  o t h e r  r e a g e n t s  

were o f  a n a l y t i c a l  g r a d e .  

G r a d i e n t s  f o r  c h r o m a t o g r a p h i c  s e p a r a t i o n  were set  up w i t h  a n  LKB 

U l t r o g r a d  11300 u n i t ;  e l u a t e s  were m o n i t o r e d  a t  280 and 206 nm, by means 

o f  an LKB Uvicord  111 2089 UV-absorp t iometer .  

R a d i o a c t i v i t i e s  were measured by l i q u i d  s c i n t i l l a t i o n  c o u n t i n g  

i n  I n s t a g e l  ( P a c k a r d  I n s t r u m e n t  Co]. u s i n g  a P a c k a r d  T r i c a r b  2021 s c i n t i l -  

l a t i o n  c o u n t e r .  

E l e c t r i c  d i s c h a r g e s  were produced  by a Leybold H e r a e u s  T e s l a  

t e s t e r ,  t y p e  16415,  set  a t  a p p r o x i m a t e l y  60 KV and 100 JLA. 

b .  I s o t o p i c  exchange  

The l y o p h i l i z e d  p r o t e i n  is  s p r e a d  o u t  a l o n g  t h e  i n n e r  s u r f a c e  of  

a c y l i n d r i c a l  Pyrex  t u b e  I20 x 100 m m l  c o n n e c t e d  t o  a round f l a s k ,  

120 mm i n  d i a m e t e r .  The e l e c t r o d e s  a r e  p l a c e d  n e a r  t h e  s u r f a c e  o f  t h e  

p r o t e i n  powder, however w i t h o u t  making c o n t a c t  w i t h  i t .  The e l ec t r i c  

d i s c h a r g e  r u n s  parallel t o  t h e  a x i s  o f  t h e  c y l i n d r i c a l  t u b e ,  which  

is  k e p t  i n  a h o r i z o n t a l  p o s i t i o n .  

Approximate ly  10 C u r i e s  of  t r i t i u m  gas  were u s e d ,  a t  a p r e s s u r e  
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o f  10 mm Hg. Samples o f  RNase (50 mgl were subjected t o  exchange a t  

room temperature, f o r  per iods o f  5, 1 5  o r  30 minutes. 

c. P u r i f i c a t i o n  

A t  t he  end o f  t h e  exchange period, t r i t i u m  gas i s  evacuated 

from the  f l a s k .  The sample i s  then d i sso l ved  i n  10 m l  o f  water and 

l y o p h i l i z e d ,  t h i s  treatment being repeated t h r e e  t imes and fo l l owed  

by ion-exchange chromatography. 

I n  t h e  l a t t e r  step, the p r o t e i n  i s  app l i ed  t o  a column (1.6 x 

40 cml f i l l e d  w i t h  carboxymethy l -ce l lu lose e q u i l i b r a t e d  i n  5 mM 

Tris-HC1 b u f f e r  a t  pH 8 and 6 'C. E l u t i o n  i s  performed by passing the 

same b u f f e r  a t  a constant r a t e  of 45 ml/h, superimposed w i t h  a l i n e a r  

g rad ien t  o f  from 0 t o  0.1 M NaC1. The p ro te in -con ta in ing  f r a c t i o n s  

are then pooled and desal ted on Sephadex G - 2 5  (2.5 x 100 cm column), 

i n  2 mfl NHbHC03 a t  40 OC. which f u r t h e r  e l im ina tes  l a b i l e  t r i t i u m  

atoms. 

The l y o p h i l i z e d  p r o t e i n  i s  f i n a l l y  d isso lved i n  water, a t  a 

concentrat ion o f  2 m g h l  and pH 5.5, where i t  i s  kept a t  45 o r  50 O C  

d u r i n g  24 h then l y o p h i l i z e d .  Th is  treatment i s  repeated th ree  t imes. 

Constant s p e c i f i c  r a d i o a c t i v i t y  i s  then a t ta ined .  

d. Assays 

1 * EnfYme-act iv l tY 
The mod i f i ed  spectrophotometric method o f  Kun i t z  was used. 

I t  i s  based upon t h e  k i n e t i c s  o f  o p t i c a l  dens i t y  decrease a t  300 nm, 

which i s  observed when RNase is a c t i n g  on r i h o n u c l e i c  a c i d  ( 9 ) .  

Assays were performed a t  25 ' C  and pH 5.0, i n  0.05 M sodium 

acetate b u f f e r  con ta in ing  0.05 % sodium r i bonuc lea te .  A c t i v i t y  i s  

expressed i n  Kun i t z  u n i t s  (K.U.1 p e r  mg, i . e .  t he  amount o f  enzyme 

which, under the  cond i t i ons  o f  t h e  assay, lowers i n  one minute 

the 300 nm absorbance down t o  i t s  f i n a l  va lue.  

Appropriate amounts o f  t r i t i a t e d  RNase were hydrolyzed i n  vacuo 

a t  110 O C  f o r  24 h. us ing  constant b o i l i n g  HC1. Aminoacid analyses 

were performed according t o  the  method o f  Spackman e t  a l .  (101, 

us ing a Beckman Unichrom I1 aminoacid analyzer. 
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The e f f l u e n t  f rom the automated analyzer  was c o l l e c t e d  i n  

4 rn l  f r a c t i o n s ,  i n  order t o  determine the  r a d i o a c t i v i t y  o f  i n d i -  

v i d u a l  arninoacid peaks (except i n  two cases, namely ser ine- threo-  

n ine and iso leuc ine- leuc ine,  each o f  which has had t o  be pooled 

and be t r e a t e d  as a s i n g l e  f r a c t i o n ) .  An a l i q u o t  o f  each f r a c t i o n  

was mixed w i t h  20 m l  o f  I n s t a g e l  s c i n t i l l a t i o n  medium and t h e  tri- 

t ium contents was determined us ing  a s u i t a b l e  i n t e r n a l  standard. 

Resul ts  a re  expressed i n  terms o f  normalized s p e c i f i c  a c t i -  

v i t y ,  o r  NSA, which i s  an i n d i c a t o r  o f  t he  t r i t i u m  d i s t r i b u t i o n  

among i n d i v i d u a l  aminoacid s ide chains. Th is  parameter i s  der ived 

from the  complete aminoacid composition; i t  i s  def ined as t h e  r a -  

t i o  between t h e  s p e c i f i c  a c t i v i t y  per res idue  o f  t he  aminoacid un- 

der cons ide ra t i on  and t h e  sum o f  t he  corresponding s p e c i f i c  a c t i v i -  

t i e s  o f  a l l  t he  aminoacids i n  t h e  p r o t e i n .  

111. RESULTS 

a. P u r i f i c a t i o n  o f  t h e  p r o t e i n  and removal o f  l a b i l e  r a d i o a c t i v i t y  

Extensive exposure o f  p r o t e i n s  t o  i o n i z i n g  r a d i a t i o n s  i s  

known t o  b r i n g  about such changes as main chain d i s rup t i on ,  po l y -  

mer izat ion,  hydrophobic or  hydrogen bonds breakage, and chemical 

m o d i f i c a t i o n  o f  aminoacid s ide  chains. a l l  o f  which r e s u l t  i n  

severe conformat ional  damage. I n  view o f  these e f f e c t s ,  t r i t i a t e d  

r ibonuclease had t o  be repeatedly  cleaned ou t  f rom poss ib le  r a d i a -  

t i o n  by-products. 

A f t e r  most o f  t h e  l a b i l e  r a d i o a c t i v i t y  has been removed by 

repeated l y o p h i l i z a t i o n s ,  the s p e c i f i c  a c t i v i t y  o f  t h e  u n f r a c t i o -  

nated p r o t e i n  amounts t o  a t  l e a s t  some 30-40 Curies per mole .  

Chromatographic separat ion ( F i g  I -b ,  -c, - d l  revea ls  the presence 

o f  two major components i n  these preparations, t he  f i r s t  one being 

a g lycosy lated p r o t e i n ;  both components d i s p l a y  e x a c t l y  t he  same 

chromatographic behaviour as do t h e i r  un labe l l ed  counterpar ts  i n  

the  o r i g i n a l  comnercial sample ( F i g  I - a ) .  I n  a l l  t h ree  t r i t i a t e d  

samples (5-15-30 min l ,  the g l ycosy la ted  species i s  observed t o  

have a much h igher  s p e c i f i c  r a d i o a c t i v i t y  than does the o the r  rna- 

j o r  one. 

I n  add i t i on ,  t he re  appears i n  the  e l u t i o n  pa t te rns  some 

f r a c t i o n s  absorbing a t  206 nm ( F i g  I - b ,  -c, -d l ,  which are  no t  

present i n  the unt reated p r o t e i n  ( F i g  I - a ) .  These f r a c t i o n s ,  en- 
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dowed w i t h  high s p e c i f i c  r a d i o a c t i v i t i e s .  a re  believed t o  be degra- 

dat ion products w h i c h  occur during t h e  exchange process. They  were 

not inves t iga ted  any f u r t h e r .  

T e o -  I b  = x  
0 

100 200 300 400 100 200 300 400 
elution volume ml elution volume ml 

elution volume ml elution volume ml 

F i g u r e  I 

Analyt ical  chromatography of r ibonuclease 

(carboxymethyl-cellulose CM-11; f o r  condi t ions,  see methods1 

(a1 commercial RNase; (bl  t r i t i a t e d  RNase. 5 m i n  exchange; 

IcJ  same 15 m i n ;  (d l  same 30 m i n .  

: absorbance a t  200 rim 

........... : absorbance a t  206 nm 

_ _ _ _ _ _ _ - _ _ _  : r a d i o a c t i v i t y  i n  cpm p e r  m l  o f  e l u a t e  
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I n  order  t o  e l i m i n a t e  b u f f e r  s a l t s  as w e l l  as r e s i d u a l  l a b i -  

l e  r a d i o a c t i v i t y ,  each o f  t h e  two major components was then submit- 

t e d  t o  g e l  chromatography on Sephadex G-25 a t  40 O C  [ F i g  2 )  (111. 
The corresponding s p e c i f i c  r a d i o a c t i v i t i e s . a r e  summarized i n  t a b l e  

I. The t o t a l  recovery o f  p ro te in ,  as g iven by t h e  sum o f  t he  two 

p u r i f i e d  components, i s  i n  t h e  range 50 t o  7 5  %. 

Since some exchangeable t r i t i u m  atoms s t i l l  might  remain 

bu r ied  w i t h i n  t h e  compact g l o b u l a r  s t r u c t u r e  o f  t he  n a t i v e  p ro te in ,  

samples have been r o u t i n e l y  incubated f o r  24 hours, i n  water a t  

pH 5.5, near t h e  t r a n s i t i o n  temperature o f  t h e  p r o t e i n .  Repeating 

t h i s  treatment leads t o  constant s p e c i f i c  r a d i o a c t i v i t y  [Table 11. 

F igure 2 

Typ ica l  e l u t i o n  p a t t e r n  o f  t r i t i a t e d  r ibonuclease 

( F i r s t  major component: Sephadex G-25 a t  40 O C ;  symbols as i n  F i g  1) 

b. Enzyme a c t i v i t y  

The enzymic a c t i v i t y  o f  each sample was measured a f t e r  

complete removal. o f  l a b i l e  r a d i o a c t i v i t y  by means o f  chromatogra- 

phy and repeated l y o p h i l i z a t i o n s .  Table I1  summarizes these re- 

s u l t s .  which are expressed i n  Kun i t z  u n i t s  and a l so  w i t h  re ference 

t o  t h e  o r i g i n a l  a c t i v i t y  i n  the  commercial enzyme. I t  should be 

remembered t h a t  i ncuba t ing  an enzyme under cond i t i ons  c lose t o  i t s  

t r a n s i t i o n  temperature has a denatur ing e f f e c t  which depends upon 

such f a c t o r s  as i ncuba t ion  t ime  and s p e c i f i c  r a d i o a c t i v i t y  o f  t h e  

sample. C lea r l y ,  the l a t t e r  accounts f o r  t h e  s i g n i f i c a n t  loss 
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11.8 

24 % 

7.7 

5.5 

6.3 

of  a c t i v i t y  i n  t h e  g l y c o s y l a t e d  component. 

3.47 

3D % 
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G-25, 40 o C ( a )  
( d l  ( r e c o v e r y )  

I bl water, 45 "C 

wa te r ,  45 0 ~ ' ~ )  

wa te r ,  50 o C ( c l  

Problems a r i s i n g  f rom s e l f - r a d i o l y s i s  and from s t o r a g e  con- 

d i t i o n s  of t h e  t r i t i a t e d  o r o t e i n  s t i l l  remain t o  be i n v e s t i g a t e d .  

2.61 

44 % 

2.78 

2.56 

2.55 

5 m i n  Exchange d u r a t i o n  I 
I 

r 

Exchange d u r a t i o n  0 5 min 15 m i n  30 min 

Component I + I1 I1 I I1 I I1 
- 

A c t i v i t y  : 

Kuni tz  U. 72 66 23 41.3 27 49 

Re l a  t i v e  100 % 92 % 32 % 57 % 38 % 68 % 
+ 

1 5  min 

I 

15.32 

29 % 

14.35 

10.33 

10.33 

Table I 

I1 

4.46 

46 % 

2.78 

2.58 

2.55 

30 m i n  

I 1 I1 

I 

S p e c i f i c  r a d i o a c t i v i t y  o f  t r i t i a t e d  r i b o n u c l e a s e  a f t e r  chromatographic  

p u r i f  i ca t  ion .  

I and I1 refer r e s p e c t i v e l y  t o  t h e  g l y c o s y l a t e d  enzyme and t o  RNase 0 

(161.  The samples were t r e a t e d  a s  follows : ( a )  molecu la r  s i e v i n g  o n  

d e x t r a n  g e l  Sephadex G-25 a t  40 OC; ( b l  i ncuba t ion  f o r  24 h i n  water  

a t  pH 5.5 and 45 "C; I c l  same as (bl, b u t  a t  50 'C. Amount o f  p r o t e i n ,  

( d ) ,  is expres sed  as  pe rcen t  o f  t o t a l  s t a r t i n g  m a t e r i a l .  
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E 
0 

I and I1 r e f e r  r e s p e c t i v e l y  t o  t h e  g l y c o s y l a t e d  enzyme a n d  t o  RNase 

0 116); a c t i v i t y  is  e x p r e s s e d  i n  K u n i t z  u n i t s  p e r  rng, and r e l a t i v e  

t o  t h a t  of  t h e  commerc ia l  sample .  

0 

c .  S p e c i f i c  a c t i v i t y  of a m i n o a c i d s  i n  t r i t i a t e d  r i b o n u c l e a s e  

It seemed w o r t h w h i l e  i n v e s t i g a t i n g  t h e  d i s t r i b u t i o n  o f  r a -  

d i o a c t i v i t y  among a m i n o a c i d s ,  t o  e v i d e n c e  a p o s s i b l e  r e l a t i o n s h i p  

between t h e i r  s p e c i f i c  d e g r e e  o f  l a b e l l i n g  and t h e i r  h y d r o p h o b i c  

o f  h y d r o p h i l i c  c h a r a c t e r .  

No c o r r e c t i o n  was made f o r  l o s s  o f  r a d i o a c t i v i t y  r e s u l t i n g  

f rom back-exchange  d u r i n g  a c i d  h y d r o l y s i s ,  b u t  it h a s  been shown 

t h a t  t h i s  p r o c e s s  is s i g n i f i c a n t  f o r  o n l y  a f e w  a m i n o a c i d s  u n d e r  

t h e  c o n d i t i o n s  o f  h y d r o l y s i s  used  h e r e  (121. The v a l u e s  f o r  a s p a r -  

t i c  a c i d ,  t y r o s i n e  and g l u t a m i c  a c i d  r e p o r t e d  i n  t a b l e  III are 

t h e r e f o r e  p r o b a b l y  u n d e r e s t i m a t e s .  Values f o r  i s o l e u c i n e - l e u c i n e ,  

g l y c i n e ,  m e t h i o n i n e  and h i s t i d i n e  a p p e a r  t o  be  somewhat h i g h e r  

t h a n  a v e r a g e .  

21.0, 

Taking  t h e  above  r e m a r k  i n t o  c o n s i d e r a t i o n ,  t h e  p r e s e n t  

d i s t r i b u t i o n  o f  r a d i o a c t i v i t y  among arn inoac ids  may be c o n s i d e r e d  

as  r a t h e r  homogeneous i n  compar ison  w i t h  t h a t  o b t a i n e d  by c a t a -  

l y t i c  l a b e l l i n g  o f  t h e  enzyme i n  s o l u t i o n  (131 or by t h e  f r e e -  

r a d i c a l  i n t e r c e p t o r  t e c h n i q u e  (141. T h e r e  i s  t h u s  no e v i d e n c e  

t o w a r d s  a c o r r e l a t i o n  between t h e  ease i n  l a b e l l i n g  by t h e  p r e s e n t  

method and t h e  p o l a r  o r  n o n - p o l a r  c h a r a c t e r  o f  i n d i v i d u a l  amino-  

a c i d s .  

2: 

- 
I !I  I I l l  n MET 

I 
150 240 320 l t U I i O S  mi 80 

F i g u r e  3 

C hromat  o g r a p  hy o f  aminoac id  s f r o m  tr i t i a  t e d  r i b o n u c l  e a  se 

: a b s o r b a n c e  a t  570 nrn ( n i n h y d r i n  r e a c t i o n 1  

- - - - - - - - - - - - : r a d i o a c t i v i t y  i n  cpm p e r  m l  o f  e l u a t e  
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C omponen t 

,mino- 
a c i d  . 

A s p a r t i c  a c i d  

Thr  * ser 
G l u t a m i c  a c i d  

P r o l i n e  

G l y c i n e  

A l a n i n e  

V a l i n e  

Net h i o n i n e  

I l e  + l e u  

T y r o s i n e  

P h e n y l a l a n i n e  

L y s i n e  

H i s t  i d i n e  

A r g i n i n e  

(a 1 

( b l  

S p e c i f  i c  a c t i v i t y  

(dpm . 
micrmole 

1 

25,2 

29,1 

31,9 

56,9 

101,6 

68.3 

39,6 

92,7 

109,5 

43,2 

64,8 

41.2 

97,8 

55.2 

I1 

4.3 

6.5 

7.0 

10,o 

19,o 

12.5 

7.8 

18.1 

25,8 

14.1 

14.6 

7.4 

18.1 

9,4 

( c l  N.S.A. 

I 

2.9 

3.4 

3.7 

6,s 

11.9 

8.0 

4.6 

10.8 

12.8 

5.0 

7.6 

4,8 

31.4 

6,4 

I1 

2.5 

3.7 

4.0 

5 - 7  

10.9 

7.2 

4.5 

10.4 

14,8 

8.0 

8.4 

4.3 

10.4 

5.4 

TABLE I11 

S p e c i f i c  a c t i v i t y  of a m i n o a c i d s ,  f rom h y d r o l y s a t e s  o f  t r i t i a t e d  r i b o -  

n u c l e a s e .  

I and  I1 refer r e s p e c t i v e l y  t o  g l y c o s y l a t e d  and u n g l y c o s y l a t e d  components .  

( a ]  t h r e o n i n e  s e r i n e ;  (b3 i s o l e u c i n e  + l e u c i n e ;  (c l  Normalized S p e c i -  

f i c  A c t i v i t y ,  c a l c u l a t e d  a s  d e s c r i b e d  i n  t h e  t e x t .  The r e p r o d u c t i b i l i t y  

i n  m e a s u r i n g  aminoac id  a c t i v i t i e s  i s  b e t t e r  t h a n  20 %. 

When compar ing  components  I and I1 of t h e  enzyme, t h e  

d i s t r i b u t i o n  o f  r a d i o a c t i v i t y  among a m i n o a c i d s  is  p r a c t i c a l l y  un-  

d i s t i n g u i s h a b l e  e x c e p t  f o r  t y r o s i n e .  The r e a s o n  f o r  t h i s  d i f f e r e n c e  

i s  n o t  clear.  

I V .  CONCLUSION 

The p r e s e n t  results, a l t h o u g h  p r e l i m i n a r y ,  i n d i c a t e  t h a t  

i s o t o p e  exchange  w i t h  t r i t i u m  g a s ,  a c t i v a t e d  by a p p l y i n g  h i g h  f re -  
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quency e l e c t r i c  d i s c h a r g e s  under we l l  de f ined  c o n d i t i o n s ,  may be 

used  s u c c e s s f u l l y  f o r  l a b e l l i n g  b i o l o g i c a l  mo lecu le s  such  a s  r ibonu-  

c l e a s e .  

The above method y i e l d s  a f a s t  i n c o r p o r a t i o n  o f  t r i t i u m  i n t o  

t h e  enzyme, t h e  f i n a l  s p e c i f i c  r a d i o a c t i v i t i e s  o f  p u r i f i e d  samples 

r each ing  t h e  Cur i e  p e r  m o l e  l e v e l .  T h e  b i o l o g i c a l  a c t i v i t y  of t h e  en- 

zyme remains  however r easonab ly  well p re se rved  provided  t h e  exchange 

time does  n o t  exceed some 5 minu tes .  

I n s p e c t i o n  o f  t h e  c r y s t a l l o g r a p h i c  model o f  r i b o n u c l e a s e  ma- 

kes i t  a p p a r e n t  t h a t  a m a j o r i t y  o f  p o l a r  aminoac ids  a r e  l o c a t e d  on t h e  

o u t e r  s u r f a c e  of t h e  macromolecule w h i l e  most hydrophobic s i d e - c h a i n s  

a r e  found i n s i d e  (151. Our o b s e r v a t i o n  o f  a r a t h e r  uniform d i s t r i b u t i o n  

of r a d i o a c t i v i t y ,  w i th  a s l i g h t l y  h ighe r  l e v e l  f o r  some hydrophobic re-  

s i d u e s ,  s u g g e s t s  t h a t  aminoac ids  l o c a t e d  n e a r  t h e  s u r f a c e  o f  t h e  p r o t e i n  

molecule  a r e  by no means p r e f e r e n t i a l l y  l a b e l l e d .  Complete l a c k  o f  i n -  

f l u e n c e  of molecu la r  conformat ion  on r a d i o a c t i v i t y  l o c a l i z a t i o n  would 

have t o  be t e s t e d  by means o f  a compara t ive  s tudy ,  t h e  same l a b e l l i n g  

procedure  be ing  a p p l i e d  t o  bo th  n a t i v e  and dena tu red  enzyme. 
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