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Extensive modification of four antihapten antibodies with acetic anhydride resulted in loss of
binding activity in each case. The presence of hapten during acetylation partially prevented
these losses. This observation indicated that a group in the site of each antibody was being at-
tacked. Reversal of the losses of binding activity by treatment of the acetylated antibodies with
hydroxylamine indicated that a hydroxyl group had been acetylated in each site. 1n view of this
fact and other data previously reported, it was concluded that a tyrosine residue is present in each
of the antibody sites. Of the antibodies studied (anti-p-azobenzenearsonate [anti-R,], anti-p-
azobenzoate [anti-X,], anti-p-azophenyltrimethylammonium [anti-A,], and anti-3-azopyridine
{anti-P;]) only anti-R, and anti-X, appeared to lose activity by partial acetylation of amino
groups in the molecule. Of these, only the former appeared to have an amino group in the site.
Acetylation of mixtures of two antibodies and analysis of complete binding curves of modified
antibodies allowed determination of the relative sensitivity of the antibodies to acetylation and of
the relative effects of acetylation on blocking binding sites and on alteration of binding constants.
It could be concluded that the importance for binding of the acetylatable group varied for the
several antibodies. The sensitivity toward acetylation was in the order, anti-R, > anti-X, >»

anti-A, > anti-P;.

We have been studying the nature of antibody sites
by determining the effect of chemical modification on
specific binding activity. Whether the effect is due to
reaction of a group in the binding site itself rather than
elsewhere in the molecule can be determined by carry-
ing out the alteration in the presence and in the absence
of the specific hapten. If the hapten protects against
the loss of sites which is caused by alteration in the
absence of hapten, then the loss must have been due to
reaction of a group in the site.

Recently we compared four different antihapten anti-

* Supported by Grant No. E-2342 from the National
Institute of Allergy and Infectious Diseases. Presented
in part at the 138th Meeting of the American Chemical
Society, New York, New York, September, 1960, and at
the 45th Annual Meeting of the Federation of American
Societies for Experimental Biology (Fed. Proc. 20, 108,
1961), Atlantic City, N. J., March, 1961.

bodies with respect to the effect of iodination on bind-
ing activity (Grossberg ¢t al., 1962). We studied anti-
bodies to haptens bearing a positive charge, a negative
charge, and no charge, to give a broad range of different
antibody types. The antibodies studied were anti-p-
azobenzoate (anti - X;), anti - p - azobenzenearsonate
‘anti - R,), anti - p - azophenyltrimethylammonium
‘anti-A;), and anti - 3 - azopyridine (anti- P;). Iodina-
tion of each of these was found to reduce antibody
activity, and it was concluded that each of the anti-
bodies contained an iodinatable residue, probably tyro-
sine, in the antibody site.

Nisonoff and Pressman (1959) reported that extensive
acetylation of anti-X, antibody with acetic anhydride
resulted in loss of antibody sites. We are now report-
ing the effect of acetylation with acetic anhydride on
the antibody activity of all four of the above antihapten
antibodies. Antibody activity is lost when each anti-



Vol. 2, No. 1, Jan.-Feb., 1963

body is acetylated, and in each instance this loss is
partially prevented when hapten is present during
acetylation. Furthermore, the effects of acetylation
can be largely reversed in each instance if the acetylated
antibody is treated with hydroxylamine. From these
results the conclusion may be drawn that a hydroxy-
amino acid residue in the site of each antibody is acetyl-
ated under the conditions employed. The hydroxyl
group involved is most probably that on the tyrosine
residue previously implicated by the iodination study
cited above.

The effects of acetylation have been analyzed in
terms of the proportion of antibody sites affected and
the binding constants of sites remaining. The relative
sensitivity of the several antibodies toward acetylation
has also been investigated.

MATERIALS AND METHODS

Methods of preparing and tesuing each of the antisera
studied have been described (Grossberg et al., 1962,
and other references therein). ~-Globulin fractions of
antisera were prepared by the method of Kekwick (1940)
and utilized as the antibody-containing protein. The
v-globulin fraction of normal rabbit serum was similarly
prepared. These fractions were 95 to 98% v-globulin
as determined by free boundary electrophoresis. The
contaminant was a slowly migrating g-globulin.

The I:3-labeled haptens, p-iodobenzoate (Nisonoff
and Pressman, 1958), p-iodophenyltrimethylammonium
(Grossberg and Pressman, 1960), and p-iodobenzenear-
sonate and 3-iodopyridine (Grossberg et al., 1962),
were prepared by isotope exchange as previously re-
ported.

Acetylation of v-Globulins.—~-Globulin solutions
(40 to 45 mg/ml) were acetylated at 5° in a recording
pH-stat in which the pH was maintained at 8.0 or 6.0
by addition of 1 m or 4 M NaOH and a record kept of the
base consumed. Small amounts (1 to 5 mg) of acetic
anhydride were added as the ice cold aqueous solution.
Larger amounts of acetic anhydride were added in 10
or 20 mg portions, the reaction of each portion being
allowed to proceed to completion (5 to 10 minutes)
before addition of the next portion. The maximum
amount of reagent added was that which resulted in the
first appearance of precipitate due to salting out of
protein by sodium acetate formed (ca. 1.5 M). The
acetylated proteins were dialyzed against a large volume
of pH 8 borate-buffered saline. All were completely
soluble after dialysis.

Treatment of Proteins with Hydroxylamine.—vy-
Globulin or acetylated y-globulin solutions at pH 9.5
were made 8.0 M with respect to hydroxylamine, the
pH was adjusted to 9.5 over the next 10 to 15 minutes
if necessary, and the mixture was kept at 5° for 18 to
20 hours. The hydroxylamine was removed by dialysis
at pH 8.

Binding of Haptens.—The binding of I'3!-labeled
haptens by the various modified and unreacted anti-
bodies was measured by the method of equilibrium
dialysis at pH 8, as previously described (Grossberg and
Pressman, 1960). All determinations were in duplicate
and were corrected for the nonspecific binding of
hapten by normal v-globulin or acetylated normal v-
globulin. The pH of samples containing I'*!-labeled
3-iodopyridine was lowered to 3 or less by addition of
HCI after their removal from the dialysis bags after
equilibration, in order to prevent volatilization of this
compound during counting. In the case of binding by
a mixture of two antibodies, separate portions of the
mixture were equilibrated against each hapten involved.
Samples to be compared at a given hapten concentration
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were dialyzed against a common hapten solution so
that the free hapten concentration at equilibrium was
identical for all.

Analytical Methods.—Protein concentration was de-
termined by nitrogen analysis, 16.0% being used as the
nitrogen content of +v-globulin. Some unmodified
proteins were determined by measurement of optical
density at 280 mu (E}%, = 14.6). Free amino groups
in protein were determined by the method of Peters
and Van Slyke (1932).

REsuLTS

Acetylation of Antibodies in the Presence and Absence
of Hapten.—Preliminary experiments indicated that
acetylation decreased the binding of hapten by anti-R,,
anti-A,, and anti-P; antibodies in a manner similar to
that previously reported for the effect on anti-X, bind-
ing (Nisonoff and Pressman, 1959). In three separate
experiments, the effect of extensive treatment of anti-
bodies with acetic anhydride was studied in the pres-
ence and absence of hapten. Moreover, a direct com-
parison of the effects of acetylation on two antibodies
at a time was made by paired reactions in which two
antibodies were mixed prior to acetylation so that they
were exposed to identical conditions. Anti-R, globulin,
mixtures of anti-R, and anti-A, globulins, and mixtures
of anti-A, and anti-P; globulins were treated with an
appropriate amount of acetic anhydride in the pres-
ence and in the absence of added hapten. After dialy-
sis of the treated materials, portions of all were assayed
for free amino content and the remainder utilized for
hapten binding measurements (Table I). In all treated
gamples a high degree of acetylation of amino groups
was achieved irrespective of whether hapten was present.

With each of the antibodies, acetylation decreased
the ability to bind hapten. When the corresponding
antibodies were acetylated in the presence of 0.1 M
hapten they retained ability to bind hapten to varying
extents (Table I). In the presence of heterologous
hapten, anti-R, retained only 23% of its original ac-
tivity after acetylation, but retained 51% of its activity
when acetylated in the presence of 0.1 M homologous
hapten. More extensive exposure of a mixture of anti-
R, and anti-A, to acetic anhydride resulted in no re-
tention of anti-R, activity and only 16% retention of
anti-A, activity, whereas exposure to acetic anhydride
in the presence of a mixture of the R, and A, haptens
(0.1 M each) resulted in some retention of anti-R,
activity (about 8%) and 43% retention of anti-A,
activity.! Acetylation of the mixture of anti-A, and
anti-P; with half the amount of acetic anhydride in the
presence and absence of hapten resulted in only 23%
retention of anti-A, activity in the absence of hapten,
but over 50% retention when hapten was present. The
corresponding retention of anti-P; activity was 19% and
27%. Thus, the protection by 0.1 M hapten of anti-R,
and anti-A, sites was clearly demonstrable. The pro-

! With regard to the protection of anti-R,, antibody by
p-nitrobenzenearsonate, we have observed that when this
hapten is added to unmodified antibody and the mixture
then dialyzed exhaustively to remove the hapten, binding
activity of the anti-R, antibody is not fully recovered.
Whether this is due to the presence of some particularly
strong binding antibody or to some undialyzable hapten
contaminant has not been determined. This effect has
not been observed in the other antibody systems studied.
It is noteworthy that in some experiments (e.g. Table I,
footnote d) p-nitrobenzenearsonate was added to a mixture
of anti-R, and anti-A,, but only reduction of anti-R,
activity was observed, showing that the effect is a specific
one.
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TABLE 1
EFFECT OF ACETYLATION IN THE PRESENCE AND ABSENCE OF HAPTEN ON ANTIHAPTEN ANTIBODIES

Degree of Amino Hapten Bound by:

Acetylation Antibody Aot
Exposure Protein Un- Acet- Acet- ylated
(Mole Acetic Without With Concen- modified ylated ylatedin Normal Normal
Anti- Anhydride/ Hapten Hapten® tration Free Anti- Anti- Presence v-Glo- v-Glo-
body Mole Protein) (%) (mg/ml) Hapten® body body of Hapten bulin bulin
(M X 10 (M X 109
Anti-R, 1 X 120 734 75 16.0 6.39 5.57 1.25 2.81 0.10 0.02
1009, 239, 519,
Anti-R,) 20.0 4.01 4.26° 0.04 0.33 0.09 0.01
+ 10 X 250 92 100 1009, 19, 89,
Anti-ApJ 20.0 4.33 8.73¢ 1.40 3.72 0.37 0.70
1009, 169, 439,
Anti-Apl 20.0 6.12 7.67 1.76 3.94 0.39 0.74
+ 5 X 250 95/ 91 100 239, 529,
Anti-Paj 19.0 5.96 4.16 0.80 1.11 0.50 1.07
1009, 199 279,

s Modification of anti-R, was in the presence of 0.1 M p-nitrobenzenearsonate; anti-R, + anti-A,, in 0.1 M p-nitrobenzene-
arsonate, and 0.1 M p-iodophenyltrimethylammonium; anti-A, + anti-P;, in 0.1 M p-iodophenyltrimethylammonium and
0.1 M pyridine. * Haptens were the homologous I!3!-labeled p-iodo derivatives (see Materials). < Average of duplicate
determinations; deviation from the mean was less than 0.07 except where noted below in e. Values for antibody are cor-
rected for binding by normal vy-globulin or acetylated normal vy-globulin; figures in bold type are per cents of the binding
shown by unmodified antibody. ¢ 0.1 M p-iodobenzoate was present in this sample. ¢ These values (with deviations from
the mean of +0.16 and =0.01 respectively) were obtained after addition of 0.1 M each of p-nitrobenzenearsonate and p-
iodophenyltrimethylammonium to the antibody mixture and then dialyzing exhaustively as with the sample acetylated

in the presence of the hapten mixture.

, The binding by a sample of the same anti-R,~anti-A, mixture which was not ex-
posed to hapten was, for anti-R,, 4.97 X 10 ¢ M; for anti-A,, 8.73 X 10% m.

/0.1 M each of the p-iodophenyltrimethyl-

ammonium and pyridine were added to this sample after acetylation and the sample was then exhaustively dialyzed.

{ection of the anti-P; site was less marked, but detect-
able.

Comparison of the Sensitivity of anti-R,, anti-X,, and
anti-A, Antibodies to Acetylation.—The data of Table 1
show differences in the effectiveness of acetylation in
reducing the binding activity of the various antibodies.
Hence mixtures of anti-R, and anti-A, antibodies and
of anti-R; and anti-X, antibodies were acetylated to
several different extents and the hapten binding activi-
ties and degree of amino acetylation were measured.
The acetylations of the anti-R,—anti-A, mixture were
carried out at pH 8 at four levels of acetic anhydride
exposure, molar ratios of anhydride to protein of ap-
proximately 30, 120, 1000, and 2500 to 1 being used.
The acetylations of the anti-R,—anti-X, mixture were
carried out at pH 8 and pH 6, at the first three of the
four levels mentioned above. The results of these
experiments are plotted in Figures 1 and 2. It may
be seen that anti-R, and anti-X, antibodies (Fig. 1)
lost activity progressively with increasing acetylation
(as measured by loss of free amino groups on the

protein); the former antibody seemed somewhat more
sensitive. There was little difference between the
effects observed after acetylations at pH 6 and 8,
except that exposure at the lower pH was less effective
in acetylating amino groups. In contrast, anti-A,
was much less sensitive than anti-R, to acetylation
(Fig. 2). At a level of amino acetylation at which
over 609 of anti-R, activity was lost, only a few per
cent loss of antl-A, activity was detected. Only at
the highest levels of acetylation, at which anti-R,
activity was completely destroyed, were losses of anti-
A, activity apparent.

Effect of Acetylation on Combining Sites and on Hapten
Binding Constahts.—The fact that protection by hap-
ten against the loss of activity following acetylation
was observed in the case of anti-R,, anti-A,, and anti-
P; antibodies constitutes evidence that in each anti-
body a group in the site was attacked. However, part
of the effect of acetylation could be due to a decrease
in the average binding constant (K,) of the sites rather
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Fic. 1.—Effect of acetylation at different levels on hapten
binding by a mixture of anti-R, and anti-X, antibodies.
Binding of haptens is expressed as per cent of the binding by
the unacetylated mixture.
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F1c. 2.—Effect of acetylation at different levels on hapten
binding by a mixture of anti-R, and anti-A, antibodies.
Binding of haptens is expressed as per cent of the binding by
the unacetylated mixture.
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F1c. 3.—Binding of 1'3!-1abeled p-iocdobenzenearsonate by
anti-R, preparations (17.0 mg protein per ml): for lower
curve, A, = 1.76 X 105 M; for upper curve 4, = 0.77 X
10 % M. Correction for binding by normal v-globulin, (n.)
= 4.0 £ 0.79, of free hapten concentration; by acetylated
normal y-globulin, (n,) = 0.0 = 0.59.
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Fi1g. 4.—Binding of 1'3.]abeled p-iodobenzoate by anti-
X, preparations (20.0 mg protein per ml): for lower curve,
Ay = 3.8 X 10~%M; for upper curve, Ay = 2.5 X 1075 M.
ny, = 6.8 =099%; na. = 0.5 = 0.29%, (see legend for Fig. 3).

than complete blocking of sites. In order to assess
how much loss of binding activity was due to reduction
of K, and how much was due to complete loss of site,
binding of hapten by acetylated antibodies and by the
corresponding unmodified preparations was determined
at several free hapten concentrations. Binding by
anti-A;, and anti-P; antibodies acetylated (as a mix-
ture) in the presence of hapten was also measured. In
addition, acetylation of a different preparation of anti-

EFFECT OF ACETYLATION ON ANTIHAPTEN ANTIBODIES 93

0 T T v T T

x10-5

[
BOUND HAPTEN(M)
®

H

[

— X075
FREE HAPTEN (M)x 0

Fic. 5—Binding of I'%.]labeled p-iodophenyltrimethyl-
ammonium by a mixture of 167 mg anti-A, and 250 mg
anti-P; preparations (19.4 mg protein per ml): for lower
curve, A, = 1.00 X 10° M; for upper curve, 4, = 0.66 X
10-*M: X, same values as €, but plotted with hetero-
geneity index = 0.8 (abscissa values are X 10~%), Ay = 1.00
X 107°M. ny = 6.9 £ 05%: na = 13.5 = 1.09% (see
legend for Fig. 3).
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F1c. 6.—Binding of I'%-labeled 3-iodopyridine by a mix-
ture of anti-A; and anti-P; preparations (same samples as
in Fig. 5); Ajineachcase = 14 X 10*M., n, = 7.5 £
05%; n, = 11.0 &= 1.57, (see legend for Fig. 3).

P; antibody was carried out at a higher level of exposure
to acetic anhydride in both the presence and absence
of hapten.

The binding data are plotted as the reciprocal of
bound hapten concentration against the reciprocal of
free hapten concentration (Figs. 3, 4, 5, 6, and 7).
The extrapolation of such curves to infinite free hapten
concentration, i.e., the ordinate intercept, provides a
measure of the total concentration of binding sites.
In the instances in which the data were fitted by a
curve, intercepts were obtained by transforming the
plots to straight lines by use of the Sips equation (Sips,
1948) as described previously (Grossberg et al., 1962).

The values of total site concentration (A,), average
combining constant (K,), and heterogeneity index (a)
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TasLE 11
EFFECT OF ACETYLATION OF ANTI-HAPTEN ANTIBODIES ON TOoTAL BINDING SITES (4,) AND AVERAGE COMBINING CONSTANTS
(Ko)
(1) @) @) @) (5)
Anti-R, Anti-X, Anti-A Anti-P;e Anti-P;

Antibody content of y-globulin® (mg/mg 0.083 0.15; 0.075 0.120 0.107

total protein)
Exposure (moles Ac:0/mole protein) 1 X120 1 X 120 5 X 250 5 X 250 4 X 500
Amino groups acetylated (9, of original)

In absence of hapten 75 80 95 95 97

In presence of haptenc — — 91 91 95
Binding sites remaining after acetylation

(% of original)®¢

In absence of hapten 44 66 61 100 71

In presence of haptenc — -— 100 100 100
Average binding constants (liters/mole X

10-5)5.4

Before treatinent 1.6 0.21 4.0 0.40 0.91

After acetylation in absence of hapten 1.1 0.21 0.65 0.13 0.014

After acetylation in presence of hapten® — — 0.87 0.15 0.029
Heterogeneity index (a)?

Before treatment 0.50 0.45 1.0 0.60 0.60

After acetylation in absence of hapten 0.50 0.50 1.0 0.80 0.70

After acetylation in presence of hapten® — — 0.80 0.80 0.60

¢ These two preparations were treated in a mixture (see text).
< Haptens employed (each at 0.1 M) were: for anti-A,, p-iodophenyltrimethylammonium;
4 Haptens employed for binding were the homologous p-iodo derivatives, labeled with 1131,

curves (Figs. 3, 4, 5, 6, and 7).
for anti-P;, pyridine.

thus obtained (Table II) reveal that acetylation of the
more sensitive anti-R, and anti-X, antibodies can re-
sult in the loss of binding sites with little or no change
in binding constant of the remaining sites. More in-
tensive acetylation of the less sensitive anti-A, anti-
bodies caused loss of sites, accompanied by a decrease
of binding constant to about one sixth its initial value.
Acetylation of anti-A, antibody in the presence of
hapten resulted in essentially complete retention of
sites, but reduction of their binding constant to about
one fifth the initial value. Acetylation of one anti-P,
antibody preparation (done in the same experiment
with anti-A, by acetylating a mixture of the two)
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F1c. 7.—Binding of I131-]abeled 3-iodopyridine by anti-P;
preparations (15.0 mg protein per ml); for lower curve,
A; = 2.0 X 107°M; for upper curve, A, = 1.43 X 107> M;
for middle curve, A; = 2.0 X 107 M. Corrections for non-
specific binding as in Figure 6.

® Values were obtained from the extrapolated binding

resulted in no loss of binding sites, but a decrease of K,
to one third its initial value. The presence of hapten
during acetylation of this anti-P; antibody afforded no
protection against alteration of the binding constant
(K, was the same as when the antibody was acetylated
with hapten present).

Another anti-P; preparation, when acetylated at a
still higher level of exposure in the absence of hapten,
lost about 309, of its active sites. This loss of sites
was completely prevented when acetylation was per-
formed in the presence of hapten (Fig. 7; Table II).
Acetylation of this preparation also resulted in a large
decrease in the average binding constant of remaining
sites (to about one sixtieth of the original value).
Hapten prevented about half of this decrease (Table
I1). 1t is noteworthy that this anti-P; preparation was
the same one utilized in the previously reported study
of the effect of iodination on anti-P, (Grossberg et al.,
1962; Fig. 3).

Reversal of Acetylation Effect by Hydroxylamine.—
Hydroxylamine is known to split acetyl esters with
formation of free alcohol and acet-hydroxamic acid.
It has been shown by Uraki et al. (1957) that acetylation
of protein hydroxyl groups can be demonstrated by
this means and that acetylated amino groups in protein
are apparently not split by the reagent. Thus it would
be expected that if antibody sites were inactivated by
acetylation of hydroxyl groups the inactivation might
be reversed by hydroxylamine, whereas if the inactiva-
tion were due to amino acetylation reversal would
not occur. That the former possibility is the case
for all the antibodies studied here is borne out by
the data in Table III. Various acetylated antibody
preparations, some from experiments recorded above,
were treated with hydroxylamine. The binding ac-
tivity of these materials after removal of hydroxylamine
was compared to that of portions of the corresponding
acetylated materials and to that of the unmodified
antibodies, previously treated with hydroxylamine or
not. Each set of samples was equilibrated against a
common volume of hapten solution to allow direct
comparison of the binding activities. The results
(Table III) are expressed as per cent binding activity
compared to that of the unmodified protein. With
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TasLE III
REVERSAL OF ACETYLATION BY HYDROXYLAMINE FOR ANTIHAPTEN ANTIBODIES
% Binding Activity of
Acetylated Sampless.®
Prior to Aftor Hapten Concentration
Hydrolysis Hydrolysis Bound by
with with Acetic Anhydride Unacetylated
Hydroxyl- Hydroxyl- Preparation Applied (Moles Free Sample?®
Antibody amine aminec Used per Mole Protein)“ M X 10%) (M X 109%)
Anti-R,, 31 60 ¢ 1 X 120 0.64 0.57
10 57 Fig. 1 5 X 2007 0.62 0.60
8 42 Fig. 1 5 X 200 0.62 0.60
1 35 Fig. 2 10 X 250 0.57 0.60
Anti-X, 60 83 € 1 x 120 0.57 1.53
35 67 Fig. 1 5 X 200/ 0.48 0.28
25 56 Fig. 1 5 X 200 0.48 0.28
Anti-Ap 27 73 Fig. 2 10 X 250 0.69 0.91
Anti-P; 71 82 1 X 120¢ 0.51 1.32
20 50 5 X 200 0.66 1.21

Hapten bound by acetylated sample

* Calculated as Hapten bound by unacetylated sample

hours at 5°. ¢ Acetylation at pH 8.
¢ These samples were run as a mixture;
pH 6,
acetylation and hydroxylamine treatment, 21.7 + 1.5.

every set of samples there was a marked increase in the
binding of acetylated antibody after treatment with
hydroxylamine. Hydroxylamine treatment had little
or no effect on binding by the unmodified antibodies.
One set of samples was analyzed, and no detectable
gain in free amino groups was found after hydroxyl-
amine treatment of the acetylated protein. This
indicated that acetamino groups were not hydrolyzed.

DiscussioN

The results reported here show that extensive acetyla-
tion of four antihapten antibodies produces loss of
ability of each to bind the corresponding hapten. Since
each antibody can be protected by the specific hapten
from this loss of activity during acetylation (Table 1),
it appears that a group in the site of each is attacked
by acetic anhydride.? Demonstration of loss of sites
by acetylation, and their partial retention when acetyla-
tion is performed in the presence of hapten, is also
afforded by the binding curves (Figs. 3, 4, 5, and 7
and Table II;.

The nature of the amino acid residue in each site,
the acetylation of which could account for these re-
sults, is not directly apparent. Acetic anhydride can
attack protein amino groups (Putnam, 1953) and
aliphatic and phenolic hydroxyl groups (Uraki et al.,
1957). “Exposed’ amino groups are apparently quite
reactive and are acetylated early in the course of
modification. The fact that some loss of anti-R,
binding activity is observed when a relatively moderate
percentage of protein amino groups are acetylated
(Figs. 1 and 2) suggests that the amino group may be
implicated in the site of this antibody. This interpre-
tation is supported by the observation (Chen et al.,
1962) that carbamylation of amino groups in anti-R.

2 There is the possibility that the observed protection of
site by hapten takes place by a less direct mechanism.
Thus acetylation of a particular residue elsewhere than in
the site might produce a conformational change in the
site so that combination cannot take place. Then if a
conformational change takes place when hapten is bound
to the site so that this particular residue is rendered less
reactive toward acetylation, a specific protection effect
would be observed.

X 100.

+1.39,), determined at a protein concentration of 20 mg/ml, except where noted.

» Values are average of duplicates (average deviation

0.3 M hydroxylamine; piH 9.5; 18

Except where noted, acetic anhydride was added in replicate portions as indicated.
protein concentration for binding measurements =
¢ Free amino groups per mole in this preparation: before acetylation, 63 =+ 2; after acetylation, 20.1 = 1.5; after

32 mg/ml. ' Acetylation at

results in loss of sites, and this loss can be protected
against by hapten.

There is some loss of activity of anti-X, antibody as
amino groups are acetylated, but to a lesser extent
than with anti-R, antibody (Fig. 1). This might indi-
cate some contribution of an amino group to this site.
However, carbamylation (Chen et al., 1962) indicated
that there was no amino group in the site. Although
there was loss of binding activity, it appeared to be
due to attack elsewhere than in the site because clear-
cut protection of the site was not afforded by hapten.
The loss of activity following moderate acetylation
would thus appear to be due either to attack of an
amino elsewhere than in the immediate site or to acetyl-
ation of a hydroxyl in the site.

A considerable body of evidence has been accumu-
lated which indicates that a positive charge is involved
in the sites of antibodies directed against anionic hap-
tens (Pressman, 1958; Pressman et al., 1961a). How-
ever, this charge may be contributed by a guanidinium
group rather than by an ammonium group.

The lack of any effect of acetylation on binding by
anti-A, antibody until most of the amino groups are
reacted (Fig. 2) makes it appear very unlikely that an
amino group is involved in this site unless it is excep-
tionally unreactive. In addition, the fact that this
site is directed toward a cationic hapten provides a
theoretical basis for considering the presence of a
cationic group in this site unlikely.

There is considerable evidence for the participation
of a hydroxyamino acid in the site of each of the four
antibodies studied. The fact that the four antibodies
can be protected by their specific haptens from loss
of activity or of sites due to extensive acetylation
{Tables I and II, and Nisonoff and Pressman, 1959)
indicates that a residue in the specific site of each anti-
body is attacked by acetic anhydride. In addition,
the fact that the loss of activity by acetylation can be
reversed by hydroxylamine {(Table I1I) indicates that a
hydroxyl group in the sites is being attacked. The
fact that each of the four antibodies contains a group in
its site which can be iodinated has been reported previ-
ously (Grossberg et al., 1962). Anti-X, antibody has
also been found (Pressman et al., 1961b) to have an
ionizable group in its site with a pK of about 10.
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The only amino acid residue which can be iodinated
and acetylated and which has an ionizable group at
pH 10 is tyrosine. It is possible of course that more
than one hydroxyamino acid is involved in the observed
effects. Thus a site containing both tyrosine and serine
or threonine would be expected to be modified in the
observed manner as well as a site containing only
tyrosine.

Analysis of the effects of acetylation in terms of
proportion of sites lost and effect on binding constants
(Table II) gives information on the involvement of
the acetylatable group in the sites. The group which
is acetylated in the sites of the several antibodies is
involved to different extents in the specific interaction
of site with hapten. With some antibodies, i.e., anti-
R, and anti-X,, acetylation of the group in the site
appears to destroy binding activity completely, whereas
acetylation elsewhere than in the site does not affect
the activity of the site (i.e., sites on such antibodies
have the same binding constant as those on unmodified
antibody). These sites must also be unaffected by any
distortion due to acetylation in other parts of the
molecule which might occur due to the radical change
in charge distribution (the protein as a whole suffered &
net increase in negative charge of 40 to 50 units), or due
to the steric effects of introduction of acetyl groups.

The anti-A, site is less readily affected by acetic
anhydride. The group in this site which can be acety!-
ated appears to be important for specific interaction,
although less reactive with the reagent than the group
acetylated in anti-R, and anti-X, sites, since anti-A,
sites are lost when sufficient acetylation of the molecule
has occurred. This extent of modification also de-
creases the binding constant of remaining sites appreci-
ably. It appears that alterations in other parts of the
molecule produced by the more intensive exposure to
acetic anhydride may be sufficient to distort the anti-
A, site. Habeeb et al. (1958) have observed that a
high degree of acetylation, and more notably of suc-
cinylation, causes expansion of protein molecules. The
fact that the change in K, was observed with anti-A,
and not with anti-X, and anti-R, is probably due to
the more intensive exposure to acetic anhydride re-
quired to destroy binding activity of anti-A,. It is
probable that equally intensive exposure of anti-X,
or anti-R; would result in some change of K, for the
few remaining sites. Thus varying degrees of chemical
modification of a group in the antibody site might in
general be expected to reduce K, to values ranging from
the original constant to zero (complete blocking of site).
Under the condition of our experiments, hapten binding
by sites having an average binding constant less than
1150 of that of the unmodified site would not be de-
tected, since nonspecific binding of hapten becomes too
great a factor (see legends for Figures 3, 4, 5, 6, and 7).

The anti-P; site is relatively resistant to alteration
by acetylation (similar to anti-A;). A hydroxyamino
acid (probably tyrosine) is involved in the anti-P;
site in some manner, as evidenced by hydroxylamine
reversal of acetylation effects (Table III) and hapten
protection of the site against iodination (Grossberg
et al., 1962). The anti-P; site is apparently somewhat
less affected by acetylation than the anti-A, site (Table
II, columns 3 and 4). This may be due either to a
lesser reactivity of the acetylatable group in the anti-
P; site or to a lesser importance of this group for bind-
ing. More intensive exposure of the anti-P; molecule
to acetic anhydride (Table II, column 5) leads to de-
tectable loss of sites. At the same time there is an
even greater effect on K, (compare columns 4 and 5,
Table II), which indicates that the anti-P, site is
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sensitive to an alteration which seems to have little to
do with over-all charge effects (since amino acetylation
was essentially complete in both instances). Most
probably, hydroxyl acetylation accounts for the effect.
Thus, if tyrosine is involved, it may be peripheral to
the anti-P;site, so that its chemical modification greatly
reduces the strength with which hapten is bound to the
site but does not prevent detectable binding at a suffi-
ciently high hapten concentration. It might be sup-
posed, further, that this tyrosine is so situated with
respect to the site that the presence of hapten in the
site does not prevent acetylation of the hydroxyl group
as much as it hinders introduction of an iodine; this
would account for the marked protection of the site
against iodination previously observed (Grossberg
et al., 1962). (This last reference also discusses other
possible causes of incomplete protection of sites by
hapten.)

In all the above remarks it has been tacitly assumed
that only one kind of site is involved for each antibody.
However, the nonlinear binding curves give evidence of
heterogeneity in every case. Thus an alternate inter-
pretation of many of the above-mentioned observations
is possible. For example, the proportionately greater
reduction in binding in the region of lower free hapten
concentration, noted especially in the case of acetylated
anti-P; (Fig. 7), may be due not to a reduction in aver-
age binding constant of all sites but to destruction of a
small number of sites having a high binding constant.
These sites could be considered to contain a tyrosine
hydroxyl which plays a critical role in binding hapten,
whereas the remaining sites may be of a different struc-
ture and not involve tyrosine to an important extent
or at all. Since extrapolation of binding curves with
precision greater than =+ 109, of total sites is difficult,
loss of binding by up to 209, of total sites might easily
remain undetected in the extrapolation.
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