
Antienzymes to a- and fl-Amylase 

By J. J. STOCK and H. D. SANDERST 

Studies on  the antigenicity of an a- and a P-amylase have been made. The use of in- 
complete Freund's adjuvant enhanced the amount of enzyme-neutralizing antibody 
formed by rabbits to active a-amylase (Bacillus sabtilis), whereas, under similar 
conditions, the adjuvant did not enhance antienzyme formation to active @-amylase 
(barley). The use of this adjuvant prolonged the duration of antibody level pro- 
duced by both of these enzymes. Acid-inactivated a-amylase was found to produce 
a circulating antibody in rabbits which will neutralize its homologous active enzyme. 
It is suggested that the determinant groups on  this enzyme, which are responsible 
for antibody production, are not necessarily the same groupings responsible for 

activity on  substrate. 

OMPAR.\TIVELY FEW observations of anti- c bodies t o  a- and 0-amylase have been 
reported Sevag (1) has demonstrated that  the 
antienzyme t o  malt amylase is specific in its en- 
qme-neutralizing capacity and will not neutralize 
the activity of an a-amylase. Furthermore, in- 
activated malt amylase was shown to be non- 
antigenic In the sense that  sera from animals 
inoculated with this material possessed no anti- 
enzyme capacity. Recently, Nomura and Wada 
( 2 )  have obtained rabbit antiserum against the 
dmylase of B. sxbtilis. Also, Wada (3) has 
<hewn that the presence of heat-denatured Taka- 
tu-amylase did not inhibit reaction between this 
active enzyme and its antibody 

No observations appear t o  have been made 
concerning the effect of an adjuvant on the anti- 
genicity of these enzymes, or of any attempt 
to investigate the serologic relationship of an 
antienzyme to inactivated cu-amylase It was 
hoped that  an investigation of this nature would 
help provide more knowledge concerning the 
molecular groupings of these enzymes which are 
responsible for activity on substrates and those 
which are responsible for antigenic activity, 
as well as the immunospecificity of these 
antigens when injected into rabbits over a coni- 
paratively long period of immunization. Pre- 
vious investigators (4-9) have shown a diminu- 
tion in specificity of an antiserum following a 
prolonged immunization period with various 
antigens 

MATERIALS AND METHODS 

Antigenic Materials.--The a-amylase used in this 
investigation was obtained from a bacterial Source 
( H a c d l u ~  subtilis) and the &amylase was derived 
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from barley; both of these materials were obtained 
commercially. 

Assay for Enzyme Activity.-Glycogen, [a]Y = 
4-196 to 19i0, containing no reducing sugars, was 
the substrate used to demonstrate enzymic activ- 
ity.' The assay method was that of Sornogyi (10) 
for the determination of reducing sugars, as modified 
by Nelson (11) and Somogyi (12). All measure- 
ments for the concentration of reducing sugars, 
released from the substrate through enzymic ac- 
tivity at 37" for 15 minutes a t  a pH of 5.3, were Inade 
using a Bausch & Lomb Spectronic 20 a t  a wave- 
length of 510 mg (13). 

Serologic Tests.-A method for the indirect de- 
termination of antienzyme concentration through 
a modification of the Nelson-Somogyi procedure was 
performed as described elsewhere (13). The values 
reported for the reciprocal of serum dilutions repre- 
sent the dilution of antibody, a t  the time of sampling 
recorded, which neutralized the enzymatic activity 
of the standard enzyme preparation used. It was 
found that naturally occurring amylase in rabbit 
sera a t  dilutions of 1:25 or higher would not affect 
assay results. 

Adjuvant.-Incomplete paraffin-oil adjuvant, de- 
scribed by Freund (14), was prepared to contain 2 
parts of paraffin oil (Marcol GS) ,2  1 part of Falba, 
and 2 parts of the desired concentration of enzyme. 
The incorporation of the amylases with the adjuvant 
base and the control tests have been reported else- 
where (13). 

Sera.-All rabbits were bled by ear vein puncture, 
and the sera were prescrved a t  -220". No prcserva- 
tive was added to these sera. 

Immunization.-Those rabbits which were irn- 
munized with the euzyme incorporated in the adju- 
vant base were injected subcutnneously in the scap- 
ular region over a period of 78 days. Each group o f  
rabbits was immunized on the basis of equal amounts 
of total nitrogen. On this basis, 0.027 mg. ni- 
trogen/mg. (A 0.002) of enzymic material promoted 
the same degree of hydrolysis of substrate, whether 
it was a- or P-amylase. Where amylase was used as 
an antigenic agent without the use of incomplete 
Freund's adjuvant, it was injected in the form of a 
sterile saline solution every 4 days, either intra- 
venously or subcutaneously, depending on the es- 
periment. The total amount of nitrogen injected 
was adjusted to be the same at the end of successive 
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8-day periods for each group of rabbits during the 
first 44 daysof the immunization period. After this 
time, further injections were made as shown in Figs. 
1 and 2. Blood was collected from the animals at the 
intervals indicated in the graphs. All assays for anti- 
body content were made at the conclusion of each im- 
tnunizatiou schedule. 

Inactivation of a- and @-Amylase.-a-Amylase 
was inactivated according to a modification of the 
method used by Kneen, Sandstedt, and Hollenbeck 
( 15) and as previously reported (13). Irreversible 
inactivation of this enzyme took place at a pH of 3.0 
when held at 37" f o r  10 minutes in a 0.02 M bi- 
phthalate-hydrochloric acid buffer. According to 
previous findings ( 13), this method of acid inactiva- 
tion could not be employed with @-amylase. There- 
fore, @-amylase in 0.02 A[ phosphate buffer of pH 
7.2 was inactivated a t  a temperature of 55' after 
30 minutes. 
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EXPERIMENTAL A N D  RESULTS 

Route of Antigen Injection.-Using active p- 
aniylase without adjuvant and on the basis of equal 
amounts of total nitrogen injected, the route of in- 
jection, whether i t  be subcutaneous or intravcnous, 
does not appear ti> influence antienzyme formation 
in rabbits. These observations were made using a 
total of 11 animals. 

Effect of Incomplete Freund's Adjuvant on the 
Antigenicity of a- and @-Amylase.-The rate of ap- 
pearance of antibodies in the circulation was deter- 
mined at various times during the immunization 
schedule and the findings are reported in Figs. 1 and 
2. No enhancen~ent in antienzyn~e formation to  
@-amylase was found using this adjuvant. Several 
rabbits from two distinct sources of albino New Zea- 
land breeding stock of both sexes and weighing ap- 
proximately 2.5 Kg. were used without success in 
attempts to obtain higher antienzyme titers. On 
the other hand a potentiation of approximately 10 
times in antibody production was observed when 
a-amylase was used with the adjuvant. Anti- 
enzyme production to both antigens was maintained 
for a prolonged duration with the use of this ad- 
juvant. (See Figs. 1 and 2 at the times of 54 and 
100 days.) 

Antigenicity of Active and Inactive Amylases- 
As illustrated in Figs. 1 and 2, the a-amylase used is 
a comp:iratively good antigenic agent as compared 
to 8-amylase derived from barley. @-Amylase in- 
activated by a mild heating, and using incomplete 
Freund's adjuvant does not produce detectable 
circul:iting antienzymes in rabbits. On the basis 
of total nitrogen injected, inactivated a-amylase has 
been shown to  produce antienzymes in as high a 
titer as does the active form of the enzyme when 
incorporated into this adjuvant. This acid-in- 
activated a-amylase produced antienzymes which 
neutralized the activity of its homologous active 
enzyme on glycogen. Therefore, i t  appears that  the 
determinant groups on this enzyme responsible for 
antibody production may not be the same groupings 
which are responsible for activity on substrate. 
Cross-neutralization tests with antienzymes to  all 
antigenic agents used showed no apparent inhibition 
of activity on substrate, even though these anti- 
bodies had been produced after a comparatively 
intensive and prolonged schedule of inimunization. 
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Fig. 1.-Inhibition of a-amylase by homologous 
antisera. The reciprocal of the antisera dilutions 
to a-amylase represents the median of the values 
obtained for each group of  animals. Test bleedings 
were made just prior t o  injections as designated by 
points on the graphs. Numbers record cumulative 
amounts of total N injected a t  designated times. 
Despite the comparatively small number of animals 
used here, thcre was a consistent difference in the 
response of each group, and this was significant. 
0-0, Inactive a-amylase in adjuvant, 4 animals; 

~ 0, active a-amylase in adjuvant, 3 animals; 
8-0, active a-amylase in saline, 2 animals. 

DISCUSSION 

The objective of this investigation was not a com- 
parison of the antigenicity of a-amylase with that  of 
@-amylase, as the origin of the materials used was 
from divergent sources. Also, we have made no 
assumption that  these materials are to  be considered 
as representative of this class o f  enzymes as our 
findings may not be similar to those which may be 
obtained with the use of other preparations. Ac- 
cording to our findings, Sevag's observations con- 
cerning the inimunospecificity o f  the antienzyme 
to  @-amylase and its inability t o  neutralize t h e  ac- 
tivity of an a-amylase, and the lack of antigenicity 
o f  inactivated @-amylase have been confirmed. 

In this investigation we have sliown that  a- 
amylase from Bacillus szibtilis is a better antigenic 
agent than 8-amylase (barley) in the production of 
circulating antibodies in rabbits. Also, the enzy- 
matically inactive form of this amylase is as good an 
antigen as the active a-amylase and will neutralize 
its activity. 

Little and Caldwell (16, 17) have shown that the 
activity of a-amylase on a substrate requires that the 
primary amino groups be free, that  tyrosine groups 
are not essential, and that  sulfhydryl groups may 
be lacking entirely. Weill and Caldwell (18) have 
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reported that with &arriylase, primary aniino groups 
itre not essential for activity. whereas tyrosine and 
sulfhydryl groups are necessary. I t  may be sur- 
rriisecl that these differences between the molecular 
structures of the t w o  enzyines or the presence or 
absence of certain groups on the molecule of active 
fi-arnyliise may help contribute to its coniparatively 
poor antigenicity. According to our observations. 
the factors which lend themselves to acidic inactiva- 
tion o f  a-amylase and its heat stability are not the 
wiie  with @-amylase, as this enzyme is comparatively 
tlirrniolabile ( 13). 

Despite the fact that Little and C;ildwell (16, IS)  
c;irrictl out their analyses VII an a-amylase originating 
froin panrrcas, and the wamylase used in this work 
was froin ;I b;wteriid sc')urcc. and that a-aniylases 
froni different sources may vary in characteristics 
such as stability, pH optinia, etc.. it is accepted 
generally that a-amylases do not differ with respect 
to their specific action on substrate. but only in tlieir 
affinities for substrate (19). 

McCeacliin and Reynolds (PO) have dcmonstratecl 
that hog paiicreatic and human salivary aniylases 
are ailtigenic and that their respective antibndies 
have amylase-inhibiting properties. They have 
reported that the enzymatic site o f  these aniylases 
is part of or located close tn the antigenic site and is 
blocked or covered by the large antibocly molecules. 
Lising amylase of B.  sitbfifrs. Wada and Xornura (21 ) 
fimid that the neutcilizatioii reaction by antibody 
wiis inhibitcd by the presence of substrate or certain 
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there inay be a competitive relationship between sub- 
strateand antibody for coinbination a t  the same por- 
tion of the enzyme surface. Althotcgh the antigen- 
antibody interaction may mask enzyniatically 
active sites, according to our observations, the ac- 
tivity site of =-amylase ( B .  s u l i i l i s )  for substrate 
may be destroyed. but the antigenic site remains 
unaltercd. 

In  this work, we have shown that the inactivation 
of a-amylase by acidification does not decrease its 
antigenicity for rabbits. and according to Little 
aiid Caldwell's observations (16, li),  it appears that 
free primary amino groups on the a-amylase mole- 
cule acting as an antigen arc not essential to its 
ability to prwluce antibody. To the authors' 
knowledge, thc esact niechanisni of acid iii;tctivation 
for this molecule is iiot known, however. the addition 
of acid to a protein may alter its structure. Thus, 
the active site of an enzyme could be destroyed but 
its antigenic groups may remain unaltered. Since 
a-amylase activity is lost irreversibly by this method 
of inactivation, it is suggested that the amino groups 
are not free, and that thisaltered molecule cither now 
possesses steric hindrance with substrate or the 
charges on groups active with substrate have been 
neutralized. 

.4lthough a coniparativelp inteiisive titid pro- 
hmged inimunization schedule with all antigenic 
miterials was used, no demonstration of alteration 
in  antienzynie specificity was observed. Recent 
work on the serology of various mammalian amylase 
antigens incorporated in inconiplete Freund's ad- 
juvant employed as few injections as necessary to 
avoid the possibility of decreased antibody specificity 
(20). The inactivated a-amylase used showed no 
ability to prtduce a neutralizing antibody against 
B-amylase (barley). Therefore, alteration of this 
a-amylase through acid inactivation apparently 
does not alter its structure sufficiently to proniote 
this niodification in its antigenic specificity. 

its degradation products. Thcy suggested that 

2 5 p - - - - -  

75, * W E  O f t * -  AMYLASE IN SALIN€ 

1 

15 90 43 80 ?5 90 

TIME IN OAVS 

Fig. 2.--Inhibition of @-amylase by homologous 
antisera. The reciprocal of the dilutions of antisera 
to &amylase represents the median of the values 
obtained for each group of animals. Test bleedings 
were made just prior to injections as designated by 
points on the graphs. Numbers record cumulative 
amounts of total N injected at designated times. 
Inactive &amylase in adjuvant. 12 animals; 
active &amylase in adjuvant, 7 animals; active @- 
amylase in saline, 11 animals. 
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