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INTRODUCTION 

An iodine-reactive residue i s  known t o  be a t  the ac t ive  s i t e  

of antibody directed against  ' the  azophenylarsonic ac id  group (1,  2). A s  

the first .step i n  the  iden t i f ica t ion  of t h i s  residue, the  numbers and 

kinds of surface groups which con reac t  with iodine were determined a f t e r  

2 extensive treatment of arsonic antibody ( 3 ) .  Iodine was found t o  be sub- 

s t i t u t e d  i n  a l l  the ava i lab le  ty rosy l  and h i s t i d y l  residues and i n  addition 

s ignif icant  numbers of methionyl and t&tophanyl residues were oxidized. 

Since i n  previous s tudies  (4 )  loss  of imunological  a c t i v i t y  was shown t o  

be associated with t he  binding of iodine, these data suggested the  presence 
:- 

of a ty rosy l  o r  h i s t i d y l  group a t  the.  ac t ive  s i t e .  I' . 

The present work describes the  posi t ive  iden t i f ica t ion  of the  

act ive s i t e  group by ( a )  p a r t i a l  iodinations i n  which the  modification of 

amino acid residues was correla ted with loss  i n  binding. capacity and (b), 

the  cmbined use of lodination and photooxidation. 

METHODS AND MATERIAIS 

Preparation of Puri f ied Arsonic AntiboQ--Antisera were prepared 

i n  New Zealand white rabbi t s  by the  in jec t ion  of bovine gamma globulin 

coupled with diazotized a r san i l i c  acid .  After  a s ing le  course of inocula- 

t ions  t he  a.nlmals were exsanguinated and sera  containing more than 100 pg 

of antibody N per m l  were pooled. Antibody directed only against  the  

azophenylarsonic acid moiety was i so la ted  from the pooled sera  by precipita- 

t i o n  with:an azoantigen i n  which human fibrinogen was subst i tuted a s  the  



protein car r ier .  The washed immune precipitates were then dissolved i n  

an 0.25 M solution of the haptene, p-nitrobenzenearsonic acid, and the 

resulting solution was applied t o  a DEAE column equilibrated with 0.02 M 

phosphate buffer, pH 7.2. Under these conditions the antibody appeared 

as  a single peak at'column volume and the eluate was shown t o ' b e  a t  l eas t  

9546 pure by equilibrium dfalysis measurements. Detailed descriptions of 

the antigen syntheses and the purification procedures have' appeared else- 

where (4) .  

Preparation of Purified Gamma Globulin--Pooled'sera from normal 

rabbits was treated by the slow addition of saturated. ( ~ W ~ ) ~ S O ~ ,  7.0, 

u n t i l  the concentration of (NH4)2~04 reached 3@. The precipitate which 

formed a f t e r  24 hrs  of standing was r'moved by centrifugation and discarded. ,: 

The amount of ( I M ~ ) ~ s o ~  i n  the  supernatant was then increased t o  37$ and 

the resulting precipitate was washed w i t h  37$ (NH4)2~04, dissolved i n  die- A 

t i l l e d  water a t  pH 7.0, and reprecipitated a t  the same concentration of 

s a l t .  This process was repeated two times w i t h  the exception tha t  the 

f ina l  precipitation was carried out w i t h  a 358 solution of (MH4)2~04. 

Aliquots of the isolated gamma globulin were then separated on a DEAE 

column under exactly the same conditions used f o r  the elution of the specific 

antibody. 

Measurement of Antibody--The immunological ac t iv i ty  was assayed 

by the dialysis  of arsonic antibody against acetylated arsani l ic  acid i n  

which the carboxyl carbon was radioactive. This equilibrium dialysis  method 

has the advantage tha t  it provldes a direct  measure of the binding capacity 



of antibody and does not depend on-a secondary manifestation of antigen- 

antibody bindiw such as  the formation of insoluble camplexes. The haptene 

was synthesized from arsani l ic  acid and ~ ' ~ - 1 a b e l l e d  acetic anhydride by 

a modification of the method of Ehrlich (5).  The dialyses were carried 

out i n  a luc i t e  apparatus which was divided i n t o  two compartments by the 

insertion of a dialysis  membrane. After 1 Ipl of the appropriate antibody 

or haptene solution was added t o  each compartment, the container wa6 closed 
, . 

and rotated i n  the cold fo r  44 hrs.  The antibody concentrations used 

varied from 1 t o  2 x M depending on the b i n d l q  capacity; the haptene 

concentrations ranged from 1.5 x M t o  1.5 x lo-' M. A l l  solutions 

were made up i n  0.2 M glycine buffer, pH 8.5 and 0.125 M NaC1. 

To determine the amounts of f r ee  and bound haptene a f t e r  dialysis  . 

duplicate 0.1 m l  aliquots from each compartment were plated and camted i n  

an end wlndow gas chamber t o  an accuracy of be t t e r  than 1s. Corrections 

were applied f o r  self-absorption, background and non-specific absorption 

of the haptene on the membrane and walls of the container a s  previously 

determined i n  a ser ies  of control experiments (4).  The protein content of 

the solutions i n  the antibody compartment were analyzed i n  t r i p l i c a t e  by 

the micro-Kjeldahl N method. 

Iodination of Antibodx--&sonic antibody was iodlnated by a 

modification of the method of McFarlane ( 6) i n  which iodine monochloride 

is  the iodinating agent and the reaction i s  carried out i n  0.2 M glycine, 

pH 8.5. A complete description of the apparatus and the procedure used 

may be found i n  (3).  I n  the experiments t o  determine the ef fec t  of 



iodination on binding capacity radioactive iodine monochloride was not 

employed because of the d i f f icul ty  of counting c14 i n  the presence of 

1131. Iodine incorporation was measured i n  these cases by carrying out 

duplicate experiments i n   which highly purified gamma globulin was substi-  

tuted for  the arsonic antibody and the I C I  was equilibrated with radio- 

active iodine; The iodine uptake was then calculated from' the specific 

ac t iv i ty  of the samples and the assumptions of a N content of 16$ and 

a molecular weight of 160;ooo. To determine specific ac t iv i t i e s ,  the 

iodinated samples were precipitated i n  the presence of 0.13s NaHSO and 
3 

7$ C C l  DOOH (wA); the precipitates were washed three times with 7$ TCA, 
3 

'dissolved i n  d i lu te  NaOH and aliquots removed f o r  counting and- N analysis 

by the micro-Kjeldahl method. Radioactivity was assayed i n  a deep well 

sc in t i l l a t ion  counter and corrected fo r  background, decay and sample 

volume:. It was shown tha t  under these conditions the iodine uptake of 

the globulin preparations was identical  within experimental error  t o  tha t  

of purified arsonic antibody and tha t  the  yields were reproducible (4). 

Photooxidation of Antibody--The procedure used for  catalyt ic  

photooxidation was developed by Ray and Koshland (7) on the basis of ea r l i e r  

work by Weil and h i s  co-workers. The apparatus consisted of a Warburg 

bath with a luc i t e  bottom through which passed the l igh t  from a bank of 

150 watt spotlights mounted below. The l igh t  intensi ty was controlled by 

use of a rheostat and volt  meter which maintained a 126 vol t  input t o  the 

l i g h t s .  Reaction flasks constructed with a f l a t  polished glass bottom 

were attached t o  the Warburg shaker and immersed,l/2 inch in to  the water 



bath maintained a t  11-12" C.  The shaker was s e t  t o  give a f u l l  stroke a t  

the r a t e  of 60 per min. 

Since the r a t e  of photooxidation was found t o  vary w i t h  the 

volume, concentration of reactants and ionic strength of the  reaction 

solution (7) ,  the photooxidations were carr ied out under a constant s e t  

of conditions. A 1.9 ml volume of a solution 3 . 3  x M i n  antibody 

and 0.02 M i n  phosphate buffer,  pH 7.2, was pipetted i n t o  the reaction 

f lask.  One-tenth m i l l i l i t e r  of 0.6 methylene blue, f reshly prepared i n  

phosphate buffer,  was added, the solution was thoroughly mixed and the 

f lask  was f i t t e d  t o  the stopper mounted on the manometer stand. After 

sui table  exposure t o  l i g h t ,  the contents of the f lask were transferred 

so tha t  t he  methylene blue could be removed by dialysis  or  precipitation , 

with TCA. The photooxidations and a l l  manipulations from the time o f '  

addition t o  the f i n a l  removal of the  methylene blue were. performed i n  a 

darkened roam and the reaction mixture kept ice-cold a t  a l l  times. I n  

those instances when more than 10 mg of an antibody were required f o r  ex- 

periments subsequent t o  photooxidation, an appropriate number of reaction 

solutions were photooxidized simultsneously under the  conditions described 

above. Controls were t o  assay the e f fec t  of methylene blue i n  

the dark and . l i gh t  exposure i n  the absence of the dye. 

Analyses of Amino Acid Residues--The amino acid analyses were 

carr ied out on 4 mg samples which were e i ther  dialyzed exhaustively against 

d l lu t e  phosphate buffer o r  precipitated with TCA according t o  the  procedures 

described above. I n  the case of the photooxidized samples, the TCA . 



precipitates were subjected t o  an additional wash Kith ice-cold ,95$ 

alcohol which removed most of 'the ,adsorbed methylene blue. ' Acid hydrolyses 

were performed according t o  the standard procehre; basic hydrolyses by 

the B ~ ( o H ) ~  method of Ray and Koshland (7). The dried hydrolysates were 

dissolved i n  5 m l  of the appropriate buffer and 2 m l  aliquots were applied 

t o  the long and short column of the automatic analyzer. The recoveries 

obtained for  the amino acids i n  each chromatogram were expressed relat ive 

t o  a leucine value of 89 residues per mole of antibody. The use of t h i s  

correction was supported when the sum of the residues so obtained (3) 

gave a-  molecular weight f o r  arsonic antibody of 156,700, a value i n  good 

agreement with the average of 160,000 determined f o r  rabbit  antibody by , 

various physical measurements ( 6  - 11). 

The modification of tyrosyl, h is t idyl ,  methionyl and tryptophanyl 

residues by lodination was determined from the differences obtained between:. 

the mino acid recoveries of treated and untreated antibody. The acid 

hydrolysates were used t o  assay the reaction of h i s t idy l  groups with 

iodine; the basic hydrolysates were required t o  measure tyrosyl, methionyl 

and tryptophanyl react ivi ty because of the deiodination of di-iodotyrosine, 

the reduction of methionine sulfoxide and the  destruction of tryptophan 

during HC1 hydrolysis. The val idi ty of t h i s  difference method was estab- 

l ished by the demonstration (3) tha t  the  presence of oxidized or iodlnated 

derivatives did not a f fec t  the recoveries of the unmodified residues with 

the exception of dl-iodohistidine which was par t ia l ly  deiodlnated i n  acid 

t o  regenerate his t idine.  Since an average of 18$ was found t o  be deiodinated 



over a wide range of di-iodohist idine concentration, the  observed l o s s  

i n  h i s t i d ine  could be corrected t o  obtain the  number of modified residues.  

Studies of photooxidized phosphoglucomutase.and chymotrypsin 

showed t h a t  methionyl, h i s t i dy l ,  tryptophanyl and tyrosyl  groups were des- 

troyed and the  products of t he  react ion were not s tab le  t o  hydrolysis (7 ) .  

However, since no ,regeneration of h i s t i d h e  (12) occurred i n  acid and no 

regeneration of methionine (7), tryptophan and tyrosine (12) i n  base, the  

residues i n  arsonic antibody modified by photooxidation could be determined 

by t h e  same scheme of analysis of ac id  and basic  hydrolysetes used t o  

i den t i fy  iodinated groups. 

MPERI~PITAL RESULTS 

The e f f ec t  of increasing fodination on the  react ive  groups i n  

arsonic antibody i s  shown i n  Table I. It may be seen t h a t  the  ty rosy l  

residues were most susceptible t o  destruction under the  experimental con- 

d i t ions  employed and the only groups t o  react  s ign i f ican t ly  during the  

addit ion of small amounts of reagent. The imidazole r ings were iodinated 

more slowly a s  would be expected from the  comparative iodination of the 

f r e e  amino acids.  F ina l ly  methionyl and tryptophanyl residues were oxidized 

only a f t e r  more then 71 atoms of iodine were added per molecule of antibody. 

The observed amino acid  modifications a r e  compared i n  Table I1 

with the  measurementi of iodine uptake and binding capacity. The correla-  

t i on  with iodine uptake revealed t h a t  t h e  number of atoms incorporated 

per antibody molecule,was always twice the  sum of the  residues iodinated 

within the  l i m i t s  of experimental e r r o r . '  Thus, e s sen t i a l l y  every subst i tu ted 

1 



residue contained two iodine a t m s  even when additional unreacted groups 

were available. These data supported the ear l i e r  observations of L i  (13) 

tha t  monoiodinated tyrosine reacts more rapidly with iodine than tyrosine 

i t s e l f .  

The correlation with the measurements of binding capaci ty '  

showed tha t  87.746 of the active s i t e s  were destroyed by the modification 

of 26 tyrosyl and 3 h i s t idy l  residues. These resul ts  eliminated the 

possibi l i ty  of a methionyl or  tryptophanyl group being the  iodine-reactive 

residue a t  the active s i t e  of arsonic antibody and strongly indicated the 

presence of tyrosine. However, f i n a l  proof depended on the demonstration 

tha t  the reaction of the few h i s t idy l  residues was not responsible f o r  the 

observed loss  i n  immunological act ivi ty.  

From prevfous studies, part icular ly those of Well and h i s  co- 

workers (14, l 5 ) ,  the h i s t idy l  residues i n  proteins were known t o  be sus- 

ceptible t o  destruction by ca ta ly t ic  photooxidation while the tyrosyl 

residues were modified very slowly if  a t  all. This information suggested 

tha t  the iodine-reactive his t idines i n  arsonic antibody could be selectively 

modified by photooxidation prior  to*  iodination so tha t  the ef fec t  of tyrosyl 

loss  alone could be assayed i n  the subsequent iodination. The optimal 

period of photooxidation was chosen from measurements of the  loss  of 

h i s i tdy l  groups as  a function of exposure time shown i n  Fig. 1. It was 

evident frcun the nonlinearity of the semi-log plot tha t  a l l  the his t idines 

In arsonfc antib- were not destroyed a t  the same f i r s t  order rate .  How- 

ever, the shape of the curve obtained 'suggested two general degrees of 



reactivity; approximately 11 of the 16 h i s t idy l  groups were rapidly oxidized 

while the remainder appeared relat ively inaccessible t o  the reagent. The 

30 minute exposure used represented, therefore, the time required f o r  the 

reaction of thosehistidyl residues readily accessible t o  modification by 

photooxidation and presumably also by iodination . 
The effect  of photooxidation and subsequent iodination on the 

amino acid content and the binding capacity of arsonic antibody i s  shown 

i n  Table 111 and Fig. 2 respectively. The photooxidative s tep  produced 

the expected destruction of l l h i s t i d y l  groups and i n  addition al tered 2 

tymsyl  and 10 methionyl residues. These modifications were accmpanied 

by a 3% loss  i n  binding capacity as  i l lus t ra ted  i n  Fig. 2 by the decrease , 

i n  r, the average number of binding s i t e s  per molecule, f r m  1.91 fo r  the ", 

control t o  1.26 for  the photooxidized sample.. The cause of t h i s  loss  was 

not immediately apparent. The amount was greater than would be expected - '  

fran the number of tyrosyl residues modified unless a tyrosine a t  the active: 

s i t e  was selectively photooxidized. On the other hand, the loss  was only 

one-third tha t  expected i f  a his t idine were a t  the active s i t e ,  since the 

subsequent data demonstrated that  the three iodine-reactive his t idines were 

.oxidized. It i s  possible tha t  the loss  resulted from the oxidation of a 

h i s t idy l  or methionyl residue present a t  the act ive s i t e  but not accessible 

t o  iodine even though the overall  r a t e  of h i s t idy l  or  methionyl photooxida- 

t ion  did not para l le l  the r a t e  a t  which ac t iv i ty  was destroyed. It ' i s  

a lso possible tha t  the loss  was due t o  changes i n  the t e r t i a r y  structure 

since the presence of haptene did. not protect against the effects  of photo- 

oxidation. 



The subsequent addition of 40 iodine atoms per molecule t o  the 

photooxidized antibody did not cause any' detectable destruction of the 

remaining h is t idyl  residues as  shown i n  the l a s t  two columns of Table 111, 

while the identical  treatment of a non-photooxidized control resulted i n  

the loss of 1.6 his t idines.  Furthermore, iodination of h i s t idy l  groups 

was not obtained when the amount of reagent added, 72 iodine atoms per 

molecule of photooxidized antibody, was suff icient  t o  destroy 3 his t idy l  

residues. It would appear, therefore, tha t  those h i s t idy l  groups whose re- 

action with iodine coincided with a 9096 destruction of immunological ac t iv i ty  
.. 

were altered by the preliminary photooxidative treatment. However, the 

addition of 40 iodine atoms per molecule modified 19 tyrosyl residues and 

reduced the average number of s i t e s  from 1.26 t o  0.32 per molecule, a 74.696 . 

loss  i n  the ac t iv i ty  remaining a f t e r  photooxidation. These-data i n  con- 

junction with the previous demonstration (1,  2, 4)  tha t  haptene prevented .. 

the , loss  of ac t iv i ty  by iodination established tha t  a tyrosyl residue i s  

a t  the active s i t e  of arsonic antibody. 

DISCUSSION 

Previous studies ( 3 )  indicated tha t  iodine i s  not a highly 

specific amino acid reagent under conditions of extensive iodination 

since significant numbers of tyrosyl, h is t idyl ,  methionyl and tryptophanyl 

residues were destroyed. However, the present, analyses of pa r t i a l ly  io-  

dinated material showed tha t  'iodine reacts preferentially w i t h  the tyrosyl 

side chai'ns i n  arsonic antibody. Tyrosyl residues alone were modified by 

the incorporation of the f i r s t  8 iodlne a t a s  per molecule and only 3 



h i s t i d y l  groups were destroyed i n  addition t o  26 tyrosines by an increase 

i n  iodine uptake t o  56 atoms per molecule. Furthermore, the  delayed 

oxidation of methionyl and tryptophanyl residues i n  the presence of excess 

reagent suggested t h a t  these groups do not become avai lable  f o r  reaction 

u n t i l  the  t e r t i a r y  s t ruc ture  i s  disrupted by the  iodination of ty rosy l  

residues. A s imilar  pat tern of amino acid modification was obtained by 

t h e  successive iodination of a pool of immunologically i n e r t  gamma globulin, 

a s  shown i n  Table I V .  These r e su l t s  indicate  t ha t  t he  r e l a t i ve  accessi-  

b i l i t y  of tyrosyl,  h i s t i dy l ,  methionyl and tryptophanyl residues t o  iodine 

i s  not detectably a l te red  by the differences i n  sequence and/or conforuia- 

t i on  which determine immunological spec i f ic i ty .  

The act ive s i t e s  of antibodies other then the anti-p-azobenzene- 

arsonate have been shown t o  contain an iodine-reactive residue. Grossberg 

e t  a l .  (16) found t h a t  iodination reduced the binding capacity of anti-p- -- 
azobenzoate , an t i  -3-azopyri dine and 'ant i  -p-phenyltrimethylammonium a n t i  - ': 

bodies and the lo s s  could be p a r t i a l l y  prevented by the  p r io r  addit ion of 
-..- 

t he  respective homologous haptene. ~ e t s u ' r a  (17) has obtained s imilar  re -  

s u l t s  with diphtheria ant i toxin.  The presence of a tyrosine a t  the  act ive 

center of each of these antibodies i s  cer ta in ly  l i k e l y  on the bas i s  of the 

present s tudies  ,of  the iodination of arsonic sntibody and gamma globulin. 

However, f i n a l  iden t i f ica t ion  can only be made by the use of methods, such 

a s  photooxidation, which eliminate the possible involvement of the  oth+r 

iodine-reactive groups. 

The number of iodine-reactive residues a t  each ac t ive  s i t e  of 



-15 - 

arsonic antibody was determined previously (4) by calculating the probable 

losses i n  binding capacity i f  there were one or two groups present and i f  

the iodination of any one of these destroys the binding a t  tha t  s i t e .  For 

t h i s  calculation the  assumption was made tha t  any substituted residue con- 

tains two iodine atoms independently of the extent of iodination. When 

the theoretical values were compared with the observed losses i n  binding 

capacity, a close correspondence was found with the losses t h a t  would be 

expected i f  only one reactive group were a t  each s i t e .  The data obtained 

i n  the present studies prodde experimental evidence for  the di-substitution 

of iodinated residues and thus support the previous conclusion tha t  only 

one iodine-reactive group, i.e. tyrosine, i s  involved i n  determining the 

specif ici ty of arsonic antibody. 

CONCLUSIONS 

The modification of mino acid residues i n  arsonic antibody was ;. 

followed as a function of iodine uptake. The tyrosyl side chains were 

most susceptible t o  destruction by iodination, h i s t idy l  groups reacted 

more slowly and the oxidation of rnethionyl and tryptophanyl residues was 

not observed u n t i l  most of the available tyrosines were reacted. Two 

iodine atoms were found to be substituted i n  each iodinated restdue inde- 

pendently of the extent of iodination. 

The correlation of the  observed amino acid modifications with 

losses i n  binding capacity showed tha t  essent ial ly a l l  immunological ac t iv i ty  

was destroyed when only tyrosyl and h i s t idy l  residues were iodinated. By 

the cmbined use of photooxidation, which selectively al tered the h i s t idy l  



residues, and iodination which effected a s ign i f ican t  decrease i n  binding 

capacity by the  reaction o f  only tyrosyl  groups, it was possible t o  iden t i fy  

a ty rosy l  residue a s  the iodine-reactive group known t o  be a t  the  ac t ive  

s i t e  of arsonic antibody. 



Research carried out a t  Brookhaven National Laboratory under the 

auspices of the U.  S .  Atomic Energy Commission.' 

The antiazophenylaraonic acid antibody w i l l  be referred t o  henceforth 

i n  t h i s  paper as  arsonic antibody. 
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TABLE I 

Destruction of amino acid  residues i n  arsonic antibody by iodinat ion 

- -  

I Detemined a f t e r  16  h r  B ~ ( o H ) ~  hydrolysis 

Iodine added 

atms/mol. 

o 

4.5 

8.9 

17.8 

26.7 

35.6 

71.2 

260. 

Determined a f t e r  20 h r  H C l  hydrolysis 

Amino acid  residues recovered per 160,000 g of antibody 

Tryptophsnyl 1 

18.3 

- 
- 
- 
- 

18.7 

18.7 

12.5 

Methionyl 

12.8 

13.0 

13.4 

13.0 

12.7 

13.0 

13  .o 

3.2 

Tyrosyl 

58.8 

57.1 

55 01 

51.2 

48.3 

43.1 

32.6 

14.7 

His t idy l  

16.4 

16.5 

16.4 

16.3 

15 .9 

15.4 

14.1 

10.3 
t 



TABLE I1 

Correlation of destruction of amino acid residues i n  arsonic a n t i b o q  

with iodine uptake and lo s s  i n  binding capacity 

Corrected for 19 deiodination of di -iodohisti dine i n  H C 1  hydrolysis 

Loss i n  

binding 
capacity 

4 

7.7 

12.3 

26 .o 

44.9 

56.6 

87.7 
i 

Iodfne 

uptake 

atcans/mol. 
sntibody 

3.57 

7 63 

15.7 

22.1 

30.5 

55.5 

Residues l o s t  per 160,000 g of antibody 

Sum of 
tyrosyl  + h i  s t i d y l  

- 

1.7 

3.7 

7.7 

11.1 

16.9 

29.0 

TyrOsyl 

1.7 

3 *7  

7.6 

10.5 

15.7 

26.2 

1 
Histidyl 

0 

0 

0.1 

0.6 

1.2 

2.8 



TABLE I11 

Amino acid residues i n  areonic antibody modified by (.a) pho3ooxidation 

and (b)  iod lna t i  on subsequent t o  . photooxidation 
. .  . . . 

a Combined u i t h  methylene blue,  but not photooxidized 

Photooxidized f o r  30 min i n  presence of 0.01$ methylene blue ' ' 

Amino 

acid 

~ Y S  

h i s t  

ar@; 

pro 

met 

l l eug  

leu 

t ~ r  

phe 

C Iodinated by addit ion of 40 I atoms per mol. of photooxidized antibody 

The molecular weight of arsonic antibody n s  assumed t o  be 160,000 

e Hydrolyzed i n  HC1 f o r  20 hrs. ,Values corrected ' t o  arg = 45 residues 

per mole. Each value represents an average of 3 determinations 

untreateda 

Residues 

per mole 

Hydrolyzed i n  B a ( 0 ~ ) ~  f o r  1 6  hrs .  Values corrected t o  leu  = 89 r e s i -  

dues per mole. Each value represents an average of a t  l e e s t  2 determinations 

Sum of I l e u  and a l ld - I leu  

~ h o t o o x i  dl zedb 

Acid hydrolysatese 

Residues 

per mole 

Photooxidized and 

i odi na t ede 
Residues 

l o s t  

Residues 

per mole d 

69.6 

16.4 

4 5 

Residues 

10s t 

69.7 

4 -93 

4 5 

0 11.5 

Basic hydrolysates f 

68.9 

4 .96 

4 5 

117 

12.2 

50.3 

89 

58.3 

43.0 

9.7 

2.1 

118 

2.49 

49.6 

89 

56.2 

42.e 

122 

2.29 

49 .O 

89 

37.3 

43 .O 

0 

19.0 



TABLE N - 

Destruction of amino acid  residues i n  rabbi t  gamma globulin by iodination 

Determined a f t e r  16  h r  B ~ ( o H ) ~  hydrolysis 

Determined a f t e r  20 h r  HC1  hydrolysis 

Iodine 

uptake 

atoms/mol . 
antibody 

0 

3 - 6  

7 .6  

15 97 

22.1 

30.5 

55.5 

102.1 

Corrected f o r  1% deiodination qf di -$odohistibine i n  HC1 hydrolysis 

Residues per 160,000 g of globulln 

Tyrosyl 1 

Recovered 

57.0 

55 -0 

52.3 

49.3 

45 0‘7 

42.0 

33 -1 

13.4 

~i stidy12 

Lost 

0 

2.0 

4.7 

7.7 

11.3 

15 .0 

23 -9 

43.6 

Recovered 

18. o 

- 
18 .O 

18.0 

17 7 

16.4 

15 -9  

10.7 

Lost 

0 

- 
0 

O 

0.4 

1.9 

3 -0 

8 -9 

1 Methi onyl Tryptophanyl 1 

Recovered 

13.0 

12.4 

13.2 

13.0 

13.2 

13.2 

12.8 

3 *O 

Recovered 

18.6 

- 
- 
- 
- 
- 

19.5 

12.4 

Lost 

0 

0 

0 

O 

0 

0 

o 

10.0 

Lost 

O 

- 
- 
- 
- 
- 

o 

6.2 



Fig. . . '1. Modification of h i s t idy l  residues i n  arsonic antibody 

by photoqxidation. 

Flg. '2. Effect of photooxidation and subsequent lodination on 

the binding capacity crf arsonic antibody, Curve C represents both untreated 

antibody and antibody combined w i t h  methylene ,blue and then diolyzed i n  the 

dark. Curve 1 represents antibody photooxidized fo r  30 min i n  the presence 

of methylene blue. Curve 2 represents the same antibody a f t e r  the addition 

of 40 1 atoms per molecule. 



T I M E  OF PHOTOOXIDATION I N  MINUTES 

FIGURE 1 




