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Loss of Precipitating 
Activity of Antibody without 
Destruction of Binding Sites 

In investigating the composition of the 
specific combining region of antibody, 
we have studied the reaction of acetic 
anhydride with rabbit antibody homolo- 
gous to the p-azobenzoate group. Others 
have found that acetylation of various 
antibodies results in loss of ability to 
precipitate with antigen (1). Marrack 
and Orlans (2) reported that when rab- 
bit antibodies against several different 
antigens were acetylated, they would no 
longer precipitate, but that a large frac- 
tion of each acetylated antibody copre- 
cipitated when added to a mixture of 
antigen and untreated antibody. They 
concluded that the failure to precipitate 
was due either to electrostatic repulsion 
among protein molecules or to deforma- 
tion of the antibody molecule resulting 
from the increased negative charge 
which accompanies acetylation of amino 
groups. 

In the present work, acetylated prepa- 
rations of rabbit antibody homologous to 
the p-azobenzoate group were tested for 
ability to precipitate an ovalbumin-p- 
azobenzoate test antigen, and also to 
bind homologous hapten [by equilibrium 
dialysis (3, 4)]. Binding experiments pro- 
vide direct information bearing on the 
number of combining sites present. It 
was found that mild acetylation results 
in complete loss of precipitating activity 
but that the ability to bind homologous 
hapten was affected only slightly. The 
results confirm the hypothesis of Mar- 
rack and Orlans and show that an anti- 
body with both combining sites intact 
may fail to precipitate. Another conclu- 
sion is that the nonspecific electrostatic 
effect in the interaction of this antibody 
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body with both combining sites intact 
may fail to precipitate. Another conclu- 
sion is that the nonspecific electrostatic 
effect in the interaction of this antibody 
with the negatively charged homologous 
hapten is small. 

Experiments were carried out with 
antisera obtained from ten rabbits re- 
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peatedly injected with a bovine y-globu- 
lin-p-azobenzoate antigen, prepared by 
coupling 30 mg of diazotized p-amino- 
benzoic acid to 1 g of bovine y-globulin 
(4, 5). The y-globulin fraction of the 
pooled antisera was separated by pre- 
cipitation with sodium sulfate (6). Free 
electrophoresis showed the presence of 
only one peak, corresponding to y-globu- 
lin. Two 5 ml portions of the globulin 
(32.4 mg/ml) were acetylated at 0?C 
by addition, with a microburette, of sev- 
eral portions of acetic anhydride over a 
period of 15 minutes. The amounts of 
the reagent used in each experiment are 
given in Table 1. The mixture was stirred 
continuously and allowed to react for 1 
hour; pH was maintained at 8.0 to 8.5 
with 0.1N NaOH. An untreated control 
and the acetylated samples were dialyzed 
overnight against 10 liters of saline-bor- 
ate buffer at 3? to 5?C and adjusted to 
the same final protein concentration. 

The results are shown in Table 1. The 
unacetylated globulin and sample A 
(about 20 percent of the amino groups 
acetylated) exhibited typical precipitin 
curves. However, the entire curve for A 
was displaced downward and, as is indi- 
cated in the table, only 41 percent as 
much precipitate formed at the opti- 
mum. No precipitation or turbidity was 
observed in mixtures of antigen and sam- 
ple B, which was more extensively acety- 
lated (85 percent of amino groups re- 
acted). In contrast to these results, it is 
evident (Table 1) that the ability to 
bind the homologous hapten, p-iodoben- 
zoate-I131 (7) was not greatly affected by 
acetylation. There was no appreciable 
difference in the concentration of hapten 
bound by the control or sample A. In the 
case of sample B, which formed no pre- 
cipitate, the concentration of hapten 
bound, corrected to the same free hapten 
concentration (8), was 79 percent of that 
bound by the unacetylated sample. This 
small adverse effect of acetylation on 
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binding may be attributed either to a 
decrease in the average combining con- 
stant (K), the loss of effective combin- 
ing sites, or both. Some decrease in K 
appears likely since the hapten is nega- 
tively charged and the net negative 
charge per molecule in preparation B 
was increased by about 65 units on 
acetylation. 

We may obtain an estimate of the 
maximum number of combining sites 
affected by assuming that K was un- 
changed and that the observed effects on 
binding were due entirely to the attack 
of acetic anhydride on groups in the spe- 
cific combining region of the antibody. 
It would appear then that a maximum 
of about one-fifth of the sites or some- 
what less than two-fifths of the mole- 
cules were affected [assuming random 
acetylation and the presence of two com- 
bining sites per molecule (9)]. It is also 
possible that a smaller number of sites 
were affected and that a decrease in K 
was partly or entirely responsible for the 
reduced binding. In any event, the data 
show that complete loss of precipitability 
may occur without a corresponding de- 
crease in the number of sites capable of 
combining with hapten. 

The results suggest that the failure of 
the acetylated antibody to precipitate is 
attributable to a factor other than attack 
of the reagent on the specific combining 
region. It is possible that the acetic an- 
hydride reacts with a group in a part of 
the combining site which interacts with 
antigen but lies beyond the region mak- 
ing contact with p-iodobenzoate (10). 
However, this alternative cannot apply 
to the data of Marrack and Orlans (2), 
who used only protein antigens. Their ex- 
planation, that acetylated antibody does 
not precipitate because of electrostatic 
repulsion resulting from its increased 
negative charge, can also account for the 
lack of precipitation in the antiazoben- 
zoate system (11). The interaction of 

binding may be attributed either to a 
decrease in the average combining con- 
stant (K), the loss of effective combin- 
ing sites, or both. Some decrease in K 
appears likely since the hapten is nega- 
tively charged and the net negative 
charge per molecule in preparation B 
was increased by about 65 units on 
acetylation. 

We may obtain an estimate of the 
maximum number of combining sites 
affected by assuming that K was un- 
changed and that the observed effects on 
binding were due entirely to the attack 
of acetic anhydride on groups in the spe- 
cific combining region of the antibody. 
It would appear then that a maximum 
of about one-fifth of the sites or some- 
what less than two-fifths of the mole- 
cules were affected [assuming random 
acetylation and the presence of two com- 
bining sites per molecule (9)]. It is also 
possible that a smaller number of sites 
were affected and that a decrease in K 
was partly or entirely responsible for the 
reduced binding. In any event, the data 
show that complete loss of precipitability 
may occur without a corresponding de- 
crease in the number of sites capable of 
combining with hapten. 

The results suggest that the failure of 
the acetylated antibody to precipitate is 
attributable to a factor other than attack 
of the reagent on the specific combining 
region. It is possible that the acetic an- 
hydride reacts with a group in a part of 
the combining site which interacts with 
antigen but lies beyond the region mak- 
ing contact with p-iodobenzoate (10). 
However, this alternative cannot apply 
to the data of Marrack and Orlans (2), 
who used only protein antigens. Their ex- 
planation, that acetylated antibody does 
not precipitate because of electrostatic 
repulsion resulting from its increased 
negative charge, can also account for the 
lack of precipitation in the antiazoben- 
zoate system (11). The interaction of 

Table 1. Effects of acetylation on the y-globulin fraction of rabbit anti-p-azobenzoate 
antiserum. Mean deviations given in table are based on duplicate or triplicate analyses. 
The procedure for acetylation is described in the text. 

No. of 

AcaO amno Antibody Labeled 
Sample used groups precipitable p-iodobenzoate 

(mg) molecule by antigent boundS molecule 
remaining* 

Normal globulin 0 - - 0.21 0.02 

Antibody globulin (control) 0 75 ? 8? 228 ? 2 7.5 + 0.2 
Antibody globulin (A) 2.8 58 1.5 93 + 3 7.2 +0.8 
Antibody globulin (B) 14 11 + 1.5 0il 6.6 +0.1 

* From van Slyke amino nitrogen analyses. Calculation based on molecular weight 160,000. 
f Precipitin reaction with 0.20 ml each of antibody and antigen. The latter was prepared by coupling 
60 mg of diazotized p-aminobenzoic acid to 1 g of ovalbumin. Values given are for optimum antigen 
concentration. 
4 Protein concentration, 16.2 mg/ml. Free hapten concentration 1.71 + 0.06, 1.75 + 0.07 and 1.90 + 0.17 x 
10-M, corresponding to control and samples A and B; and 2.95 + 0.07 x 10}M for the normal globulin. 
Values for the antibody preparations are corrected for the small amount of binding by normal globulin. 
? Amino acid analysis (12) indicates the presence of 72 free amino groups per molecule. 
1 No turbidity or precipitation observed. 
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antibody with antigen should be affected 
more adversely by increased negative 
charge than that with hapten, since the 
protein-protein electrostatic repulsion, in 
the case of the reaction with antigen, is 
superimposed on that involving the hap- 
tenic group. Additional, intermolecular 
repulsions may also be involved in the 
formation of aggregates of antibody and 
antigen. 

Finally, it is of interest that the non- 
specific electrostatic effect in the inter- 
action of the antibody with hapten is 
small. With about 65 additional negative 
charges in the antibody molecule, the 
binding of p-iodobenzoate by antibody 
was affected only to a small degree 
(Table 1). In untreated antibody at 
pH 8, the net negative charge per mole- 
cule is about 15 or 16 units; thus the 
nonspecific electrostatic free energy of 
combination at pH 8 is probably neg- 
ligible. This of course does not preclude 
the possibility of a very large interaction 
of opposite charges in the specific com- 
bining region. 

ALFRED NISONOFF 
DAVID PRESSMAN 

Department of Biochemistry Research, 
Roswell Park Memorial Institute, 
Buffalo, New York 
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tration are fixed. It follows that the concen- 
tration of hapten bound to a heterogeneous 
population of combining sites, under the same 
conditions, is proportional to the total con- 
centration of sites. This assumes that acetic 
anhydride does not react selectively with sites 
on the basis of their combining constants. 

10. Preliminary experiments indicate that the 
ability of the mildly acetylated antibody to 
bind the dye, p-(p-hydroxyphenylazo)-benzo- 
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ports the evidence against an attack on the 
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11. Dr. Schlamowitz of this laboratory, in studies 

660 

ate, is similarly unimpaired. Since this hapten 
is larger than p-iodobenzoate, this result sup- 
ports the evidence against an attack on the 
specific combining region. 

11. Dr. Schlamowitz of this laboratory, in studies 

660 

on the phosphatase-rabbit antiphosphatase sys- 
tem, has found that acetylation of the anti- 
body causes a delay in precipitation, but that 
the antibody still combines with antigen, as 
evidenced by coprecipitation of the complexes 
with horse antirabbit 'y-globulin antibodies 
(unpublished results). 
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23 January 1958 

Fluorescence Activation Spectra of 
a Diphosphopyridine Nucleotide 
Dependent Dehydrogenase 

In a previous communication from 
this laboratory (1), the shift and aug- 
mentation of the fluorescence spectrum 
of reduced diphosphopyridine nucleo- 
tide (DPNH) (2) in the presence of 
beef heart muscle lactic dehydrogenase 
(LDH) was reported. It was further re- 
ported that an additional shift and in- 
crease of the fluorescence spectrum oc- 
curs when L-lactate is added to the 
LDH-DPNH complex, presumably to 
form an LDH-DPNH-L-lactate complex 
(3). For DPNH, when activated by 
light having a wavelength of 340 m[t, 
maximum fluorescence emission occurs 
at 465 to 470 mnt. For LDH-DPNH and 
LDH-DPNH-L-lactate complexes, maxi- 
mum emission is observed at 445 to 450 
m[t and 430 to 435 m[t, respectively. 
Similar shifts in the fluorescence spec- 
trum have recently been reported for 
other dehydrogenase systems (4). 

Since the initial observation that the 
alteration of the fluorescence spectrum 
of DPNH in the presence of horse liver 
alcohol dehydrogenase is accompanied 
by a shift to shorter wavelengths of the 
absorption maximum of DPNH (5) sev- 
eral attempts have been made to detect 
a similar alteration of the absorption 
spectrum of DPNH in the presence of 
LDH. However, the magnitude of the 
absorption change is so small that it 
could be detected only with the very 
sensitive spectrophotometer employed by 
Chance and Neilands (6). 

Since it is well known that only ab- 
sorbed light can give rise to fluorescence 
emission, it occurred to us that in the 
case of LDH and DPNH, only a small 
fraction of the absorbed light gave rise 
to the fluorescence spectrum. As a re- 
sult, rather pronounced changes in the 
fluorescence spectrum are accompanied 
by minute changes in the absorption 
spectrum. In this case, examination of 
the activation spectrum should reveal 
those changes in the absorption spectrum 
which give rise to fluorescence emission 

(7). Figure 1 illustrates activation spec- 
tra of DPNH, LDH, LDH-DPNH com- 
plex, and LDH-DPNH-L-lactate complex 
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