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SUMMARY 

When alpha chymotrypsin, labelled with a heavily t r i t i a t ed  
diisopropylphosphoryl ( HDIPl group on the serine residue a t  
posit ion 195, was exposed t o  t r i t i a t ed  hydrogen sulf ide ('HSHl 
under dry conditions, an incorporation of 3H occurred that favored 
residues close t o  ths binding s i t e .  
unclear. 
alkhough 3H i n  t h i s  posit ion as well as i n  3HSH i s  essential  f o r  
the labelling reaction. 
involve self-radiolysis.  
instead be related t o  an observed in s tab i l i t y  of 3H within the 
t i gad*  possibly through a free radical mechanism. 

3 

The r e a c t i a  mechanism remains 
A direct transfer of 3H from the ligand is ruled art ,  

I t  i s  sham that the reaction does not 
I t  i s  suggested that the reaction may 

INTRODUCTION 

Reaction of carbon free-radicals with tritiated hydrogen sulfide 

(3HSH) has been employed as a means of studying their distribution among 

amino acid residues after irradiation of a protein in the lyophilized state 

at low pressure (1). The present investigation arose from application of this 

technique to the study of self-radiolysis of an isotopically labelled protein. 

Chymotrypsin, labelled with a tritiated diisopropylphosphoryl ( 3HDIP) group, 

was chosen for the study. 

Reaction of chymotrypsin with diisopropylfluorophosphate (DFP) introduces 

the DIP group onto the hydroxyl ovgen of the serine residue at position 195, 

the "active site" serine. 

0 1975 by John Wiley & Sons, Ltd. 

The reagent was %-labelled DFP (3KDFP) with the 
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highes t  s p e c i f i c  a c t i v i t y  commercially a v z i l a b l e .  

chymotrypsin was exposed t o  3HSH a f t e r  s e v e r a l  weeks of  s torage .  

of t h e  pro te in ,  3H w a s  found among t h e  srnj.no a c i d s ,  and t h e  d i s t r i b u t i o n  of 

e c t i v i t y  favored res idues  of  t h e  kind c l o s e s t  t o  t h e  b inding  s i t e  ( 2 ) .  

The r e s u l t i n g  3WIP- 

On a n a l y s i s  

A cont inued i n v e s t i g a t i o n  has  made p o s s i b l e  t h e  d i f f e r e n t i a t i o n  between 

two e f f e c t s  i n  t h e  l a b e l l i n g  process .  The f i r c t  o f  these  i s  t h e  expected e f f e c t  

of s e l f - r a d i o l y s i s .  

t r i t i a t e d  l igand-pro te in  complex t o  in t roduce  a d d i t i o n a l  3H i n t o  t h e  pro te in .  

This r e a c t j o n  accounts  f o r  a t  l e a s t  u p a r t  of the  p r e f e r e n t i h l  l a b e l l i n g  of 

r e s i d w s  near  t h e  binding s i t e  -ind i s  ev ident  without  s t o r a g e  of i h e  p r o t e i n  

samule. 

The seporid involve:-, an i n t e r s c t i o n  between 3HSH 2nd t h e  

METHODS 

React ion of Chymotrypsin with 3HDFP 

The 3HDFP was obtained from t h e  nmershnm-Searle Corporat ion i n  propylene 

g lycol  with 2 s p e c i f i c  z c t i v i t y  of 3 . i  C i / m o l e .  

added i n  3 f o l d  molar excess  t o  'i s o l u t i o n  of' beef  p:incre'Ltic ;dph:a chymotrypsin 

(Worthington, c r y s t a l l i n e ,  with 'in cnzpi :+t ic  ; a c t i v i t y  of  6: U/w) i n  0.05 M t r is  

(hydroxymethyl) :iminometh-ne-HCI b u f f e r  of  pH 7.4. The mixtiire v-s illwded t o  

s t , in - l  : i t  jO°C f o r  30 min. ,mil ther. d ia lyzed  cigainst li500 m l  wikr 3t +5OC f o r  

17 hours. The diitlys,;rt,e iirss chinged :in3 dicll-yais continued a g i i n z t  t h e  : - m e  

volume f o r  an ?dd. i t ional  6 hours .  The s*imple W:IS then l y o p h i l i - e d .  S p e c i f i r  

: i c t i v i t y  of t,he product  runged from 10 t o  105 vCi,/mg. 

Exposure of  Pro te in  t o  H;X' And ?HSH 

One iiiCi of t h e  reagent  was 

An exposure v e s s e l  of the  design eniployed e:ii.lier (3) 

experiments. The p r o t e i n  s:imples vere  emoseil to H S  or h H  ?s a l r e a d y  

descr ibed  (1) 3 r d  then  d isso lved  i n  50 ird 'bkter m d  lyophi l i7 ,ed.  

some of  the samples were exposed t o  H?S :it 195'K 'is prpviou-ly ( 4 ) .  

Determimt ion  of 3tI i n  H?S 

A l t e r m t i v e l y  

'.ft,er exposure o f  the  protpir. t o  H - S ,  t h e  ;ir wis draw- j n t o  '3 bul?: 

xpproxirnitely 1 inch  i n  3iameter ,  c o n t h i n i n g  2 ml of  1 1.1 NaOH,  whirh h?d been 

irrr.er.sed i n  l i q u i d  NQ. - The I-ulb m s  d l o v e d  t o  thaw snd s t i . r red  m;gnetichlly 



f o r  l5 min. The f reez ing  and thawing i e r e  repeated,  and t h e  contents  d i sso lved  

t o  100 m l  with water  i n  prepara t ion  f o r  s c i n t i l l a t i o r 1  c a n t i n g .  For counting, 

0 .1  ml of t h i ?  sol l i t ion was mixed with 1 5  m l  of  i l i a u i d  h c i n t i l l s t i o n  niixture 

(ja7OB, 

s c i n t i l l a t i o n  counter  was employed. 

I s o l a t i o n  of Pept ide 193-199 

from Resesrch Products  I n t e r n a t i o n a l  Corp.) . ',. Becknm Model IS-250 

Approximately 10 ng of t h e  &IEIP-chymotrypsin, which hsd undergone 

exposure t o  3 S H ,  W'JS d i l u t e d  5 t o  6 t i m e -  by -ddi t ion  of unlobel led  DIP- 

chymotrypsin and then  denstured by r e h c t i o n  and csrboxymethylation is  d r e a d y  

descr ibed ( 5 ) .  It w a s  chrornat,ogrlphed by t h e  method of  H,irtley (6)  t o  i s o L t e  

t h e  C chzin which m s  obtained i n  y i e l d s  o f  5 t o  LO mg. The sdnple  was desa l ted  

on 'i column of Seph:,dex G-25, e q u i l i b r i t e d  i n  0.1 M i c e t i c  s c j d  i n+  'was confirmed 

'I:; C c h i i n  by amino , w i d  s n e l y s i s .  

For 'crypt ic  dicrestion, t,he C chain WELT r e d i p s o l v e d  i n  .; ml 3.0c M 

ammonium bicarbonate ,  and 0.03 m l  t ryp: in  (Sicmi Chemical Co.,. 2 x c r y s t a l l i z e d  

a t  5 ag/d i n  water)  was added. Diges t ion  was allowed t o  proceed f o r  17 hoirrs 

a t  37%, and t h e  s m p l e  w 3 s  l p p h i l i z e d .  

The procedure of Gross (7)  was employed f o r  r e r c t i o n  of t k e  +,rypt ic  di(:e:.t 

x i t h  cy-lnogen bromide. 

For c h p o t , r y p t i c  d iges t ior ,  of t h e  i,y.tnoyeri bromide d i g e s t ,  t h e  s:.mple >wi:: 

redissolved ( . i f te r  1yophi l iz : t ion)  j r ,  3 r r l  of 0.05 M :m.orlium t-i 

?nd 0.05 nil ch.potrypsin (1 nv;/ml i n  mter . )  

li hours inri then 'I hepond '9.05 m l  o f  enzyme 

cont inlied 6 hours. 3rd t h e  so ld t ion  w:35 lvouhilited 

t i o n  prn-eede:l f o r  

For sep I r i t i G r ,  of pept ide  193-139, l .he  e h p o t r y p t i c  dige>;l 

t o  e l r? t rophores i :  b,y The meth,od d e s c r i t  €51 e l r1ie . r  (.-),  i n  nyririirie- ! -e t i :  

i c i d  b u f f e r  st pH ..6. with '1 i:r .dient  of  70 v / c ~ ,  for  2 h The pept ide  

b m d  of miximum c o i m t  ( 2 2  t o  2J)f cm Yrox {.he ori-Tifi) m!- excl::ed, ~ l i i t e d  ; ; i t n  

u t t e r .  lyophi l ized ,  . ind  . $c id -hydro lyzed .  I t  ni IS t h e n  siit.iected t c  :mino 

l y s i c  i i i d  caunt ing i c  descr ibed e , r l i e r  (9). 

KESULTS LNX CISCUSSION 

A c o n t r o l  exprr i intnt .  cotidiicted i n  t,he Course of ' fi in -wst i , :  i t ion  of t h e  
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TABLE I 

EXPOSURE OF DIP-CHYMOTRYPSIe TO 3HSH 

Experimental condi t ions  

T i m e  of expo- Temperature 
sure  (hrs . )  ( O K )  

Sample no. 
1 0.5 298 

2 6 

3 6 

4 6 

5 6 

195 

298 

298 

298 

S p e c i f i c  a c t i v i t y  (uCi/mq) 

Due t o  3H-DIPb Due t o  3HSH 

Exptl .c  ca1c.d 

30  0 0 

30 0 0.046 

30 0.14 0.045 

0 0 - 

105 0.22 0.10 

a .  

b. 

The pro te in  sample w a s  e i t h e r  un labe l led  DIP-chymotrypsin or 3H-DIP- 
chymotrypsin, prepared a s  descr ibed i n  t e x t .  
Only the  s p e c i f i c  a c t i v i t y  before  exposure t o  3HSH w a s  determined. 
Technical d i f f i c u l t i e s  i n  removing q u a n t i t a t i v e l y  t h e  tritium ab- 
sorbed on exchangeable s i t e s  with t h e  p r o t e i n  (i.e. on 0, N ,  or S )  
prevented meaningful determinat ion of s p e c i f i c  a c t i v i t y  a f t e r  exposure. 
For t h i s  purpose, un labe l led  H2S was used, as ind ica ted  i n  Table 11. 

c. Experimentally determined s p e c i f i c  a c t i v i t y  of t h e  pro te in  r e s u l t i n g  
from exposure of t h e  sample t o  3HSH, determined by summation of counts  
found under peaks. 

d. The ca lcu la ted  s p e c i f i c  a c t i v i t y ,  def ined as: 

s - s q  , 
258 

where S = s p e c i f i c  a c t i v i t y  of t h e  p r o t e i n  due t o  t r i t i u m  content  
wi th in  t h e  3H-DIP group before  exposure t o  H2S (Table 11, Column 2 ) ,  
and Sg - s p e c i f i c  a c t i v i t y  of t h e  pro te in  due t o  remaining 3H 
content  a f t e r  exposure t o  t h e  gas. The cons tan t  1/258 t a k e s  i n t o  
account t h e  r a t i o  of H2S t o  3HSH (1/129) and t h e  e f f e c t i v e  l a b e l l i n g  
s p e c i f i c  a c t i v i t y  of t h e  t r i t i a t i n g  gas ,  which i s  one h a l f  of its measured 
a c t i v i t y .  

s e l f - r a d i o l y s i s  of 3HDIP-chymcjtrypsin, involved exposure of t h i s  d e r i v - t i v e  t o  

jHSH v i t h  no p r i o r  per iod of s torage .  Analysis of the  p r o t e i n  then revealed 

I 3H content  within t h e  a-nino ac ids .  It then bec?me necess'iry t o  l e a r n  more 

xhout t h e  j H  t r m s f e r  i n  order  t o  d i s t i n g u i s h  i t s  e f f e c t s  from those of s e l f -  

r , id io lys i s .  

Conditions f o r  38 Transfer  

An exposure time of 6 hours was used f o r  most of the  experiments of 

Table I ,  s ince  t h i s  time i n t e r v a l  had been employed r o u t i n e l y  i n  s t u d i e s  of 
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self-radiolysis and had proven adequate for complete reaction of 3HSH with 

the radical content of the protein sample. 

Six hours at room temperature (S3mples 3 and 5, Table I) resulted in an 

incorporation of 3H into the protein (Column 5). 

was clearly insufficient for the transfer. 

develop when exposure was carried out for 6 hours at 1950K (Sample 2) and 

therefore is temperature dependent. 

On the other hand, 0.5 hour 

The reaction also failed to 

The reaction is also dependent on 3H content of the DIP group. Sample 

5, with a specific activity of lo5  pCi/mg, developed an activity of 0.22 i.Ci/mfz 

for 3H content within the amino acid residues, whereas Sample 3, with 30 iJCi/w, 

developed only 0.14 pCi/mg. 

with unlabelled DFP, there was no detectable incorporation of 3H by exposure 

to 3HSH. 

Exposure of %DIP-Chpnotrypsin to H$ 

For Sample 4, in which the protein had reacted 

Since, as seen above, the presence of 3HSH as the sole contributor of 

3H was insufficient to produce labelling, the reverse situation was examined, 

i.e. the exposure of 3KDIP-chymotrypsin to unlabelled H$. 

traces of 3H accumulated in the protein when it was exposed to H$ at room 

temperature for 6 hours. 

ficant transfer of 3H to proxein. 

At best only 

Thus, reaction with 3HSH is necessary for a signi- 

However, Table I1 shows that 3H within the DIP group is unstable in the 

presence of HS, since substantial quantities of 3H appeared in the gas phase 

and the specific activity of the protein markedly diminished. 

significant that the activity appeared with H$, since it was condensed at the 

temperature of liquid N2. 

at this temperature. 

It is also 

Tritium gas, on the other hand, does not condense 

The loss of 3H is independent of temperature. Samples 2 and 3, exposed to 

H$ in dry ice and at room temperature, respectively, exhibited nearly identi- 

cal specific activitie's (Column 3, Table 11). 

gas for these samples did not agree as well. 

technique should be regarded as only semi-quantitative, and the change in 

specific activity of the protein is the more reliable indicator of the extent 

The percent of 3H found in the 

However, the gas counting 
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TABLE I1 

EXPOSURE OF 3HDIP-CHYMOTRYPSIN TO H2S 

Spec i f ic  a c t i v i t y b  (uci/rnq) 3H i n  gasC 
Sample n0.a Before H 2 S  After  H 2 S  [ %  of t o t a l )  

1 30 30 0 

30 

30 

105 

17.9 

18 .4  

7 7 . 5  

42 .3  

18.6 

26.2 

a. Sample numbers correspond t o  those of Table I. 
b. 
C. Percent of t o t a l  3H a c t i v i t y ,  o r i g i n a l l y  i n  t h e  pro te in  sample, 

Act iv i ty  due t o  presence of 38 i n  t h e  3HDIP group. 

appearing i n  t h e  gas phase. 

t o  which -W was l o s t .  

i n  the  gas phase was i n  the  form of JHSH. 

Mareover, no assurance ciin be of fe red  t h a t  all of t h e  jH 

- Relvt ionship between 3H Loss and Free-Radical Formation 

It appears reasonable t o  speculate  t h a t  t h e  i n s t a b i l i t y  of t h e  carbon-3H 

bond may be r e l a t e d  t o  the  ga in  of ;H by t h e  pro te in .  

f e r  i s  r u l e d  out ,  s ince  it i s  a l reaay  es tab l i shed  t h a t  3H t r a n s f e r  i n  t h e  

presence of  H$ does nor. o c c w  t o  a s i g n i i i c a n t  ex ten t .  

However, a d i r e c t  t rans-  

The ga in  of 3H by pro te in  c.iuld proceed through a r e a c t i o n  o f  %SH with 

carbon f r e e - r a d i c a l s ,  a s  discursed pr rv ious ly  (1). Hence i n  search of an 

explanat ion f o r  t h e  jH incorporat ion it i s  first necessary t o  examine t h e  

p o s s i b i l i t y  of  f r e e - r a d i c a l  formation. 

from sbsorpt ion of B rad ia t ion  energy t h a t  r e s u l t s  from t h e  d i s i n t e g r a t i o n  of 

3H. For a g r o t e i n  sample with a spec i f ic  a c t i v i t y  of 105 pCi/mg, a s  i n  Sample 

5, there  would be, over a 6 hour period, a t o t a l  of  8 .4  x lolo dis in tegra t ions  

per  mg. The energy of  the  average 3 p a r t i c l e  r e s u l t i n g  from d i s i n t e g r a t i o n  of 

a 3H atom i s  5700 ev (10).  

production of a f r e e  rad i -a1  i s  45 ev (11) and t h a t  a13 t h e  rad ih t ion  energy 

i s  absorbed by the  sample and converted t o  carbon f ree- rad ica ls ,  then t h e  

Free r a d i c a l s  would unquestionably ensue 

With the assumption that. t h e  energy assoc ia ted  with 
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TABLE 111 

CONTRIBUTIONS O F  AMINO ACIDS TO SPECIFIC ACTIVITIES OF PROTEIN AND 

PEPPIDE AFTER EXEQSURE O F  3H-DIP-CHYMOTRYPSIN TO 3HSH 

DPM/~molea (x res idues  x 

a o t e i n C  Pept ided 

Aspar t ic  a c i d  0.48 0 

Ser ine  

Glutamic a c i d  

Pro l ine  

Glycine 

Cyst ine 

11.1 2.19 

0.20 

1.10 1.16 

1.37 1.20 

0.36 - 
Methionine 0.64 

Leucine 

Lysine 

Arginine 

1.33 1.31 

0.32 - 
1.26 - - 

e 
T o t a l  18.16 5.86 

a .  The s p e c i f i c  a c t i v i t y  f o r  each amino a c i d  w a s  found by d iv id ing  i t s  
t o t a l  counts  by e f f i c i e n c y  of t h e  count ing system ( t y p i c a l l y  0.015) 
t o  obta in  DPM. This  was divided by t h e  micromoles of amino a c i d  
found on ana lys i s .  

b. The s p e c i f i c  a c t i v i t y  was mul t ip l ied  by t h e  number of res idues  known 
t o  be present  wi th in  t h e  chymotrypsin molecule (or  pept ide)  f o r  t h e  
amino a c i d  i n  ques t ion  t o  obta in  a measure of t h e  t o t a l  cont r ibu t ion  
oE t h a t  amino a c i d  t o  t h e  a c t i v i t y  of t h e  p r o t e i n  (or  pept ide) .  

C. This sample is No. 5 as shown i n  Table I. 
d. Peptide 193-199, def ined as :  Gly.asp.ser.gly.gly.pro.leu, is i s o l a t e d  

from Sample No. 5 as descr ibed i n  t e x t .  For pept ide a n a l y s i s ,  t h e  
a c t u a l  f i g u r e s  obtained were mul t ip l ied  by 5.4, s ince  t h e  pro te in  had 
been d i l u t e d  by t h i s  f a c t o r  wi th  unlabe l led  DIP-chymotrypsin. 

5.66/16.2 (x 100) = 32.2%. 
e. Contr ibut ion of pept ide t o  t o t a l  a c t i v i t y  wi th in  t h e  pro te in .  Thus, 

with FOqb or t h e  chymo:ryp:-in molecule accounted for*, d e s p i t e  t h e  f a c t  t h a t  

t h i n  sequence comprises l e s s  than 3% of  the  p r o t e i n  chain length .  

* Aspart ic  and glutamic ac ids  exchange with t h e  medium during a c i d  hydro- 
l y s i s  and conseqaently l o s e  most of t h e i r  3H content .  
p a r t i a l l y  exchan&es under these  condi t ions (12). 
be ineluded, s ince  t h e  method of a n a l y s i s  employed does not  revea l  t h i s  
imino ac id  t o  an e x t e n t  permi t t ing  q u a n t i t a t i v e  determinat ion,  

Tyrosine 
Tryptophan could not 
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Conclusions 

The p r e f e r e n t i a l  l a b e l l i n g  of  binding s i t e  res idues  observed a f t e r  s e l f -  

r a d i o l y s i s  may t h e r e f o r e  be explained a t  l e a s t  in p a r t  by t h e  t r a n s f e r  of j H  

t h a t  occurs  on exposure of  3HDIP-chymotrypsin t o  3HSH with no p r i o r  s torage .  

It should now be p o s s i b l e  t o  s tudy s e l f - r a d i o l y s i s  by s u b t r a c t i o n  of t h e  3H 

content  due t o  the  ' z e r o  t ime '  re : ic t ion from t h e  t o t a l  incorporated 3H 

r e s u l t i n g  from exposure of  t h e  l igand-pro te in  complex t o  3HSH a f t m  a s i g n i f i c a n t  

time of stor:ige. 

The mechmism of t h i .  r e a c t i o n  r e m i n s  unc lear .  D i r e c t  t r s n s f e r  of 3H 

from t h e  l igdnd i s  not  involved, s i n c e  t r i t i 2 t i o n  does not  occur i n  t h e  pre-  

sence of un l . ibe l led  H + .  The ;pproximate equivalence of t h e  le.iving j H  with 

t h e  r w c t i o n  of jHSH suggests  t h a t  these  two events  may be r e l a t e d ,  poss ib ly  

through -1 f r e e - r i d i c u l  mech.inism. 

Fur ther  z t u d i e -  a r e  i n  progress  t o  shed more l i g h t  on t h e  n i t u r e  of t h i s  

re : ic t ion and : d s o  t o  examine t h e  poss ib le  a p p l i c s t i o n  of  3H l a b e l l i n g  t o  t h e  

i d e n t i f i c s t i o n  of b indin& s i t e  res idues  i n  o ther  p r o t e i n s .  

A CKNObf LEDGMXW 

The s k i l l f u l  perforrn-~n,:e of amino a c i d  a n d y s e s  ,ind s c i n t i l l a t i o n  count ing 

by 4. G i l b e r t  Wright, Jr. throuy;;hw>t t h i s  i n v e s t i g a t i o n  is spprec ia ted .  

1. 

2. 

3 .  

4 .  

5. 

0. 

7 .  
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