
Antigenicity of Polypeptides (Poly Amino Acids) : 
Immunogenicity of Chemically Modified Polymers. 111 (348%) 

PAUL H. MAURER 
Department of Biochemistry, Jaflerson Medical College, Thomas Jeflerson University, 

Philadelphia, Pennsylvania 19107 

In continuing studies aimed at  describing 
some of the parameters of Immunogenicity in 
several species, i t  was of interest to investi- 
gate the immunogenic properties of a few 
neutral derivatives of polymers of amino ac- 
ids. The neutral polymers considered here are 
the propanol amide derivatives of the car- 
boxyl groups of poly ( L-gluso-L-ala30-L- 
tyrlO) n, poly (L-glu90-L-tyr10) n and poly 
(~-glu~O-~-ala~O) n2. A previous report has 
dealt with this latter polymer (1). The newer 
derivatives were prepared to extend previous 
observations which indicated that a neutral 
moldification of the free carboxyl groups of 
immunogenic polymers reduces immunogeni- 
city, and in addition, to learn whether incor- 
poration of tyrosyl residues could enhance 
the poor immunogenicity of the poly GA pro- 
panol amide and poly G propanol amide 
polymers. 

The present report will discuss findings on 
immunogenicity in rabbit, guinea pig, mouse, 
sheep, and man, and subsequent reports will 
deal with the specificity of the antisera in 
several species. Aside from the basic informa- 
tion gained, these studies which were aimed 
at  trying to #develop a nonimmunogenic plas- 
ma expander, offer a modification which 
tends to reduce immunogenic properties. 

1This work was supported by Contract No. 
DADA17-67-C-702 1 from the Department of ithe 
Army, Office of the Surgeon General, U.S.P.H.S. 
Grants A1-07825 and TIAI-00334 from the National 
Institute of Allergy and Infeotious Diseases, and 
Grant T-452 from the American Cancer Society. 
Paper 36 in a series on Antigenicity of Polypep- 
tides (Poly a Amino Acids). 

2 The nomenclalture is based upon recommendation 
of IUPAC-IUB Commission on Biochemical 
Nomenclature, October, 1967. IBiochem. J. 106, 577 
(1968). 

Materials and Methods. The polymers in- 
cluded in this study are listed in Table I. 

The hydroxy propanol glutamide (pro- 
panol amine) derivatives of the various poly- 
mers were prepared employing the technique 
of Lupu et  al. ( 2 ) .  The benzyl glutamate 
polymers previously described were reacted 
with propanol amine which converted the es- 
ters to hydroxypropylglutamide residues. All 
polymers were dialyzed and lyophilized be- 
fore use. 

Immunization procedures. Rabbits. Poly 
GA T arnide. Immunization was undertaken 
at  three different times as follows: 

(a) R No. 988-992 were injected in the 
footpad with 5 mg of the polymer in com- 
plete adjuvants. Bleedings were taken weekly 
beginning 2 weeks after the injection and 
continued for 3 months. At that time the 
three surviving rabbits were boosted with an- 
other 5 mg of polymer in complete adjuvants 
and exsanguinated 2 weeks later. 

(b) R No. 1005-1010 were injeclted and 
bled as above. The second injection of poly- 
mer in adjuvant was given 2 months after the 
first. The two best reactors received another 
injection 2 months later and were exsan- 
guinated 2 weeks after the last injection. 

(c) R No. 11078-1087. Immunization was as 
above. However, this group was boosted 
with 3 mg of polymer 6 weeks later, and 
again 10 weeks after the last injection. Bleed- 
ings were taken weekly for several months. 

Poly G amide. Although the nonimmuno- 
genicity of this polymer in rabbits was re- 
ported previously, high doses of polymer 
were used for immunization (20 mg X three 
courses), The present protocol employed in- 
jections of either 10 pg or 1 mg of polymer in 
complete adjuvants. Three rabbits were in- 
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TABLE I. Polymers Employed in  Present Study. 

Polymer 

Nomenclature Average 
molecular 

in text weight 
employed 

~~~~ ~ ___ ~~ 

Poly (L-g1ue0-L-ala4O) ,, GA 43,000 
Poly (y -N- 3 hydroxypropyl a-L glutamide), G amide 75,000 
Poly (y -N- 3 hydroxypropyl a-L glutamideBO-L-tyr*O),, GT amide 50,000 
Poly (y -N- 3 hydroxypropyl a-L g l ~ t a r n i d e ~ - L - a l a ~ ~ ) .  GA amide 50,000 
Pols  (y -N- 3 hydroxypropyl a-L glutamideaO-L-alaRO-L-tyrlO) , GAT amide 22,000 

jected with each dose and bled weekly for 6 
weeks. All were then reinjected with 100 pg 
of the polymer and b3eedings taken for an- 
other month. 

Poly GT amide. Three rabbits were inject- 
ed with 2 mg of polymer in complete ad- 
juvants. Bleedings were taken weekly for a 
month at which time the rabbits were 
“boosted” with 100 y of polymer and addi- 
tional bleedings taken for another month. 

Guinea pigs. Poly G A T  amide. Groups of 
Hartley strain and Strain 13 guinea pigs 
weighing 350-450 g were immunized with 10 
pg, 100 pg,  or 1 mg of polymer in complete 
adjuvants. Each group consisted of 6-7 
guinea pigs. The initial injection of polymer 
was given in the hind footpads (0.1 ml per 
footpad). Two to three weeks later, a booster 
injection of the same amount of polymer was 
given in the neck area. Three weeks after the 
last injection, the animals were bled from 
the retroorbital sinus or by cardiac puncture 
and tested by passive cutaneous anaphylaxis 
as indicated below. Exsanguination was per- 
formed within 2 weeks. Sera were kept frozen 
until tested. 

Mice. P d y  GAT amide. As mice have been 
shown not to responld to copolymers of two 
amino acids or derivatives analogous to co- 
polymers (3, 4), immunization here was un- 
dertaken only with the poly GAT amide. Two 
groups of 20 Swiss-Webster mice per group 
were injected intraperitoneally with 1 mg or 
10 pg of polymer in ml of complete adjuvant. 
The first booster injection was given 6 weeks 
later as above, but in 0.4 ml. Eye bleedings 
and “tapping” of ascites fluid were performed 
periodically. 

Sheep. The basic protocol for immuniza- 
tion with the Dolvmers ~ o l v  GA. ~ o l v  GA 

amide, and poly GAT amide was similar to 
the one employed for immunization with poly 
(GAT). and other polymers (5). Three 
sheep were injected subcutaneously with 20 
mg of each polymer in complete adjuvants 
three times at  weekly intervals. Test bleed- 
ings were drawn before each injection and 
sera checked for antibody by precipitin reac- 
tion. After a 3-week interval, two more week- 
ly injections were given. Bleedings were tak- 
en periodically, and “booster” injection was 
given when the levels of antibody were de- 
clining. As no responses were noted against 
the p l y  GA amide polymer after 3 months, 
the respective sheep were reimmunized with 
GA in incomplete adjuvant as above. 

Humans. The procedures for injecting, 
bleeding, skin testing, and analyzing the sera 
were as reported previously ( 6 ) .  

Poly G A  amide. Twelve human volunteers 
received four intramuscular injections (0.5 
ml per injection) of 10 mg GA amide per 
injection given during a period of 2 weeks. 
Bleedings were obtained before, 10 days af- 
ter, and 3 weeks after the last injection. Skin 
testing with 0.1 ml of mg/ml was performed 
at  the same time. 

Poly G A T  amide. Eight volunteers re- 
ceived injections and were bled as above. Four 
received a total of 4 mg of poly GAT amide 
and four received 80 mg of polymer. 

Testing of sera. Passive cutaneous anaphy- 
laxis ( P C A )  , For initial screening of the rab- 
bit and guinea pig sera, the PCA test was 
performed as described by Ovary ( 7 ) .  Chal- 
lenging injections consisted of 1 ml of a solu- 
tion of 500 p g  polymer and 0.5% Evans blue 
dye. 

Quuntitative precipitin reactions. The mi- 
croDreciDitin reaction was emdoved for de- 
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Polymer 

Species GA GA amide GAT GAT amide 

Rabbit 60/100b 7/13b 50/60b 4/5 ; 6/6 ; 10/10 
Guinea pig 

Hartley strain 6/2Ib 0/12b 3/76 5/6 ; O 6/7 ; a  3/7" 
Strain 13 0/4b 13/18 ; 14/15b 3/6 ;" 5/7 2/6" 

Mice (Swiss-Webstcr) 0/40b 2O/2Ob 0/40 
SbcPp 3/3 0 / 3 ;  (3/3)' 3/3b 2/3 
Man 0/12 0/16 0/8 

a Number responding/number tested. 
Data from previous publications. 

a Immunization dose 10 pg. 
Immunization dose 100 pug. 
' Immunization dose 1 nig. 

Response after reimmunization with Poly GA. 

termining the amounts of antibody N per ml 
of serum (8). Precipitin rections with rabbit, 
sheep, and mouse sera used 0.2-2.0 ml of 
serum depending on the amounts of antibody 
N precipitated. With human sera, because of 
the low levels of antibody generally present, 
3.0 ml of serum was employed. 

Antimouse y globulin reaction. As the 
mouse sera were negative by microprecipitin 
reaction, the "anti-globulin reaction" with 
1251-labeled poly GAT amide was employed 
to (detect antibody capable of binding anti- 
gen. High-titered sheep anti-mouse y globulin 
was used to precipitate the globulin in the 
presence of 1251-labeled poly GAT amide (9). 
The washed precipitates were counted in a 
scintillation y well counter. 

Results. Table I1 presents a summary of 
the results obtained with the various poly- 
mers. Some comparative information from 
previous reports are also included. The new 
data are as follows: 

RabbJts. No responses were noted against 
the poly G amide and poly GT amide poly- 
mers. However, with the poly GAT amide, 
significant reponses were noted in all three 
experiments. The response as measured by 
PCA reaction was 4/5,6/6, and 10/10 rabbits. 
Precipitating antibody was eventually present 
in all latter positive sera. The range 
of antibody precipitated per ml of serum was 

Gzkinea pigs. Significant responses (PCA in 
guinea pigs) were produced against the poly 

15-70 pg N. 

GAT amide polymer in both Hartley strain 
and Strain 13 guinea pigs. With both strains 
of guinea pigs immunization with 100 pg pol- 
ymer produced the best reaction. Of interest 
is the lack of uniform response among the 
inbred Strain 13 guinea pigs. 

Mice and man.  No detectable responses 
were noted. 

Sheep. Although no responses were ob- 
tained against the p l y  GA amide in the 
three sheep, good levels of precipitating anti- 
body were produced against the poly GA 
polymer (three of three), i.e., 60-200 pg anti- 
boidy N per ml of serum. Moreover, the sheep 
that did not respond to the poly GA amide 
polymer did produce precipitating antibody 
when reinjected with GA polymer. Only two 
of three sheep immunized with the poly GAT 
amide responded. They produced significant 
levels of precipitating antibody which was 
followed for several months. The levels of 
antibody in these two sheep varied from 
20-1 70 pg N per ml of serum. 

Discussion. The intent of this report is to 
discuss only the area of immunogenicity. It 
was shown previously that the chemical mod- 
ification of the free carboxylate groups in 
poly GA reduced immunogenicity. The sig- 
nificant differences in responses against poly 
GA and poly GA amide in rabbit and guinea 
pig and now with sheep support the above 
conten tion. 

Although the free glutamate and net nega- 
tive charge may have contributed to the 
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immunogenicity of poly GA and poly 
( G60A30T10)n, neutral polymers can also be 
immunogenic ( 1 ,  10) but the responses vary 
from species to species. The poly GA amide 
was immunogenic only in rabbits and a re- 
sponse of 30-50 p g  antibody N per ml serum 
was observed ( 1).  When the analogous tyro- 
sine containing polymer (poly GAT amide) 
was stuldied, enhanced immunogenicity was 
found in rabbtits, guinea pigs, and sheep. I t  
would appear that in these species two oppos- 
ing phenomena might govern the outcome, 
i.e., the chemical modification acting to re- 
duce immunogenicity, and the presence of 
tyrosyl residues acting to counteract this 
effect. Although tyrosine has enhanced immu- 
nogenicity of the polymers, in subsequent 
publications, it will, indeed, be shown that 
most of the specificity of the anti-poly GAT 
amide is against p l y  GA amide. The findings 
with poly GT amide indicate that introduc- 
tion of tyrosyl residues could counteract the 
“depressing” effect of neutralizing the gluta- 
mate residues when one is dealing with poor- 
ly immunogenic non modified polymers. 

What mechanism might be responsible for 
the enhancing effect by tyrosyl residues and 
the depressing effect of the propanol amide 
modification is not known. The one species in 
which the above explanation does not obtain 
is with mice. In  contrast to the other spe- 
cies, however, no copolymer of two amino 
acids has been found to be immunogenic (3 ,  
4) .  Here the importance of both the free 
glutamyl and tyrosyl residues has been 
shown, i.e., GT cross-reacts 80-125% with 
mouse anti-GAT ( 1 1)- Possibly because of 
this, the modification of glutamyl residues 
abolishes immunogenicity . 

These as well as the findings of others with 
neutral polymers indicate that charge per se 
is not important in contributing to immuno- 
genicity. Nevertheless, the negatively charged 
polymers are better immunogens. On the 

practical slide the findings in humans that 
under the conditions studied neither of the 
modified polymers are immunogenic indicate 
that this kind of modification might be con- 
sidered as a means of reducing immunogeni- 
city of protein and protein-like molecules. 

Summary. I t  has been shown that chemical 
modification of the negatively charged car- 
beoxyl groups of synthetic polymers of amino 
acids via introduction of neutral determinants 
tends to reduce immunogenic properties of 
the respective polymer. 

In  some instances the presence of tyrosyl 
residues can, to a limited degree, reverse the 
above effect. 

The possible implication of these findings 
for development of nonimmunogenic syn the t- 
ic plasma expanders is presented. 

The author thanks Drs. C .  Merryman and G .  
Odstrchel for contributions to some of these studies 
and Miss M .  Filinska and Mrs. B. Berardinelli for 
competent technical assistance. 
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