
~ 2  PI~ELIMINAR'V N OT]'] S 

These results demonst ra te  tha t  in the rat  the ~-hydroxy recta bo]Jtc of ~-a<.'ety]- 
aminofluorene arises largely, if not entirely, from tlle N-hydroxy  m,. t~ff)o]Jte, '-,~,hercas 
the 5- and 7-hydroxy derivat ives come largely, if not exclusive]f,  Jro~> t]> [3artrJl 
anride. The in termedia te  ac t iv i ty  of ti~e 3 - h y d r o x  3. metabo]i te  indJcatc:s tha t  some of 
this o-hydroxv der ivat ive is d e r h e d  from tile N-hydroxy  metaboiJte.  T]." ~.:, ':-hi!e 
hydroxyla t ion  at  the tiara site (7-) and certain of the oe'~ho sites (3-; ::;-) a p p ; . u e r i t l y  in- 
volves a direct attac]~ at  these rilqg posJtJoP,  s b v  ; tctivated oxy~e~f ~, hy<Jro)¢y!at-Jo~ 
of the other  or~#o sJi((r--)  apparen t ly  Jn\olves the intermediary forn~afJor~ "~:ip.d 
rear rangement  of the N.-bydroxv derJv~ti-:e, p robab ly  ",:is. the corT:e~:p<;~clJng o-q~in.:>- 
limide (cf. ref. 3). 
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A specific synthetic polypeptide antigen 

All the specific antigeJls described till now are either natural  substances (protein,s, 
polysaccharides) ol- are derived from them b y  chemical modificaiion. The large 
number  of repor ted f~ilu.~es to detect  antibodies against  va t%>:  s3nihet ic  i-JonTio- 
polymers  of g-amino acids suggests tha t  tl~e polymers  studied a;:e at  the n~,os{ vev\7 
weak antigens ~. Out  of tens of synthet ic  polypept ides  invest igated by S>,.;~¢.,~>",- 
et a12-, a only one par t icular  sample of poly-J.-glulamic acid and a muitichaJn copolymer  
of glutaraic acid, ieucine, glycine and ]ysine were reported to be an t igenic  T I n  al~li. 
bodies formed did not precipi tate  with the homologous synthet ic  poiypeplides,  but  
cross-reacted with related polypept idyl  a lbumins as well a.s wJlh "LtrJou:: 0.nreiat:ed 
proteins. The synthetJe polypeptides did not inhibit precipJtin ~-eactJons betwee~ 
their  antisera and proteins. _~JAUPJLR dg al. a repor ted recently t l ~ t  antibodies !-o 
linear copolvmer  of glutamic acid and lysine could be detected ] )y  passi~-e cu*aneous 
anaphylaxis ,  bu t  nof~ by the precipitin reaction. Only tohacco-l~,osaic-virus proteir~ 
inhibited the a.nap]ly]axJs reactJoJ1. 
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An investigation ot the antigenicity of various polypeptidyl gelatins showed that, 
among others, the attachment of copolymeric chains of tyrosine and glutamic acid 
converted gelatin into a strong antigen whose specificity was due entirely to the 
polypeptides attached 5& The question arises in this case whether gelatin still con- 
tributes in any way towards the immunological properties of the new antigen. In 
view of the above we have considered the possibility of replacing the gelatin with 
a synthetic material. 

We have now been able to demonstrate that a multichain copolymer, in which 
chains of polypeptides containing L-tyrosine and L-glutamie acid were built on a 
multichain poly-DL-alaninC, s is a powerful and sharply specific antigen in rabbits. 
This copolymer was obtained by the polymerization in dioxane-o.o5 M phosphate 
buffer (pH 7) (I:4), of N-carboxy-L-tyrosine anhydride and y-benzyl-N-carboxy-L- 
glutamate anhydride, using the a-amino groups of multi-poly-DL-alanyl-poly-L- 
lysinC, s as polymerization initiators, followed by debenzylation with anhydrous 
hydrogen bromide; mol. wt. ~ 18o.ooo; 9.9 % L-tyrosine residues; 15. 3 % L-glutamic 
acid residues; 67. 5 % DL-alanine residues; 7.o % L-lysine residues. 

The synthetic material was injected three times, at fortnightly intervals, in a 
complete adjuvant mixture into rabbits. The antibodies formed could be demon- 
strated by the usual precipitin reaction (Table I and Fig. I). In order to determine 
directly the antigen in the specific precipitate, a preparation labelled with lalI was 
used for precipitation. Except for the homologous antigen, the antibodies could be 
cross-precipitated only with the related copoly (tyrosyl, glutamyl) gelatin (Fig. I). 
The homologous reaction could be inhibited completely by a copolymer of L-tyrosine 
and L-glutamic acid in a residue molar ratio of I : I ,  only partially by a copolymer 
of these amino acids in a ratio of 1:4, and not at all by a copolymer of the same 
amino acids in a ratio of I:9. Neither cross-reaction nor inhibition was obtained 
with linear poly-DL-alanine, multichain poly-L-glutamic acid, or unrelated proteins 
such as egg albumin or human y-globulin. 

Multichain poly-DL-alanine (the material which yielded the synthetic antigen 
after enrichment with tyrosine and glutamic acid), as well as a linear copolymer of 
L-glutamic acid and L-tyrosine in a residue molar ratio of I : I (degree of polymeriza- 
tion, 31), failed to produce antibodies detectable by the homologous precipitin test 

T A B L E  I 

COMPOSITION OF THE IMMUNOSPECIFIC PRECIPITATES 

Antigenadded Antig.m Antigen Antibody Antibody~antigen 
per z ml serum prec@italed* precipitated precipitated** in precipitate 

( .g) O'g) (%) (ag) (wl~,) 

I2.5 12.35 99.0 195 15.4 
31.2 26.5 85.o 321 12.1 
62.5 47.2 75-5 418 8.9 

125 70.0 56.0 468 6.7 
250 80.8 32.3 412 5.1 
437 79-3 18.2 345 4-3 
75 ° 77.5 lO.4 260 3-4 

125o 70.3 5.6 212 3.0 

* F r o m  r a d i o a c t i v i t y  da ta .  
** F r o m  ex t inc t i on  a t  2800 A of neu t r a l i zed  solut ions  of the  p r ec i p i t a t e s  in NaOH,  a f t e r  de- 

d u c t i n g  the  ca l cu l a t ed  e x t i n c t i o n  of the  an t igen .  

B i o c h i m .  B i o p h y s .  A c l a ,  4 ° (196o) 382-384  
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Fig. L Prec ip i t in  curves  of copoly ( tyrosyi ,  g lu tamy])  mul t i cha in  poly-DL-ala~J~e I" O ) and  copoly 
( tyrosyl ,  g lu tamyl )  gela t in  ( 0 )  with the  a n t i s e r u m  to eopoly (tyrosy]. ~]lJ1;am3rJ~ multichai:~ 
po ly-nL-a lan ine .  The  arno m r s  of an t ibod ies  were ob ta ined  from ext inc t ion  ;~ ~8oo ~ af ter  de- 
duc t i ng  the  ca lcu la ted  ex t inc t ion  of t he  an t igens .  The  a m o u n t  of antige;~ i;~ ~,he precJpil:ate a a s  
ob ta ined  for t he  syn t he t i c  ma te r i a l  f rom the  r ad ioac t iv i t y  da~a, and  for fhc, gela.ti;~ de r iva t ive  

from hyd roxyp ro l i ne  da ta ,  

when injected similarly into rabbits. Nor 'could antibodies be detected b y cross- 
precipitation with related polypeptidy] derivatives. 

In view of the enhancement of the ant igenMty of ge la tb  by ai tachment  of 
tyrosine and other aromatic amino acids a, ~, and in view of the strong specific a~.~ti- 
genicity of the tyrosin~;ted synthetic multichain polypeptide, it seems that the pote~q- 
tiation of antigenicity by tvrosination may be of a more general ci~araeter. 

A study, nov: in progress, of the possible antigenicity of vadov~ other ~v~.the~:ic 
linear and multicham copolymers of a-amino acids should permit the ducidation 
of the role of molecular weight, shape, composition, and locus of .~:peci~ie amino acids, 
in conferring ~he antigenic properties on a molecule. 

This investigation was supported I)3: grant A-3o83 of the National Institutes of 
Health, U.S. PuNic Health Service. 
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