Amino Acid Composition of
Univalent Fragments of
Rabbit Antibody

Abstract. Univalent fragments of -
globulin preparations from four indi-
vidual rabbits were fractionated and
the amino acid compositions of end
fractions were compared. For amino
acids with uncharged side chains, dif-
ferences were consistently less than one
residue per fragment of molecular
weight 50,000. There were differences
in the content of amino acids, other
than glutamic acid, with charged side
chains; these were in the direction ex-
pected on the basis of relative strength
of adherence to carboxymethyl cellulose
and electrophoretic mobility. Exclusive
of any possible differences in amide,
the total difference in charged groups
was three to four residues per fragment.
Since the net charge of univalent frag-
ments reflects that of the -globulin
molecule from which the fragments are
derived, corresponding differences in
composition may also exist among
whole y-globulin molecules.

The heterogeneity of rabbit y-
globulin molecules with respect to net
charge has been demonstrated by
analysis of reversal of boundary spread-
ing in free electrophoresis (/), by zone
electrophoresis (2), and by chroma-
tography on Celite (3, 4) or ion-
exchange cellulose (5).

There is a direct relationship (6)
between the ease of elution from
carboxymethylcellulose (CM-cellulose)
of a rabbit y-globulin molecule and the
fragments, corresponding to Porter’s
fractions I and II (7), derived from
it by treatment with papain. (We de-
scribe ‘these fragments as “univalent”
fragments, even when they are obtained
from “normal” y-globulin.) The exist-
ence of a parallel between the net
charge of a rabbit y-globulin molecule
and that of its univalent fragments was
thus suggested.

Our data indicate that there are
differences in content of basic and
acidic amino acid residues among
univalent fragments and that these
differences are consistent with their rela-
tive electrophoretic mobilities and
strengths of adherence to CM-cellulose;
the results support the hypothesis
that 7S5 rabbit y-globulin is hetero-
geneous in chemical composition.

While our work was in progress
a note appeared by Feinstein (8)
that reported differences in amide
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content among fractions of whole -
globulin separated by electrophoresis,
or univalent fragments derived from
these fractions. If, as Feinstein assumed,
the sum of dibasic acids and amide were
constant among the fragments, differ-
ences in amide would correspond to
differences in net charge. Our data
indicate that there are small differences
in the total of the free plus amidated
dicarboxylic acids, and also, with re-
spect to basic amino acids, between
subfractions of the univalent fragments.
These differences are in the direction
expected on the basis of relative
strengths of adherence to CM-cellulose
and electrophoretic mobilities. The
sum of these differences (three to four
groups per fragment of weight 50,000)
is comparable to the differences in
amide.

Differences between subfractions of
univalent fragments, with respect to
each amino acid determined, which
has an uncharged side chain, were less
than one residue per fragment. The low-
er molecular weight of univalent frag-
ments, as compared with whole y-globu-
lin, yields greater precision in terms of
number of residues per molecule; this
fact led us to investigate the composi-
tion of the fragments. The average stan-
dard deviation of replicate analyses, ex-
cluding amide, was equivalent to 0.23
residue per fragment. If the same preci-
sion were applied to whole y-globulin,
the average deviation would be approxi-
mately 0.7 residue per molecule and

agreement to within one residue per.

molecule could not readily be estab-
lished.

Tryptophan was not determined, and
the data for cystine were not precise
enough to be included in the compari-
sons, although no consistent trends
were noted.

Similarities in the amino acid compo-
sition of purified rabbit antibodies of
different specificities have been reported
by Smith et al. (9), Fleischer et al.
(10), and more recently by Koshland
(11) who has also observed differences
between antibodies of different spe-
cificity. Askonas et al. (12) have shown
that fractions of y-globulin which have
been separated by electrophoresis are
similar in composition.

Gamma-globulin preparations were
made from the serums of each of four
rabbits, one of which had been hyper-
immunized with ovalbumin, by three
precipitations with sodium sulfate (13)
and passage through a column of
diethylaminoethylcellulose (/4). The

sedimentation coefficients were 6.2 == 0.2
S. Immunoelectrophoresis of two of the
preparations gave single lines with goat
anti-rabbit serum; two (rabbits N6 and
N7) contained small amounts of a -
globulin. However, only y-globulin was
observed when paper electrophoresis
was carried out. Corollary control ex-
periments indicated that a contamina-
tion of 3 percent 3-globulin would have
been detected.

Gamma-globulin preparations were
treated with 0.5 to 1.0 percent by weight
of crystallized papain for 5 minutes at
37°C in 0.1M phosphate buffer, pH 7.5,
containing 0.002M disodium ethylene-
diaminetetraacetic acid (EDTA) and
0.03M cysteine; samples were incu-
bated with cysteine and EDTA for 1
hour at 37°C before papain was added.
The release of small peptides, not pre-
cipitable by 5 percent trichloroacetic
acid, was less than 8 percent of the
total protein in each case. Several
preliminary experiments showed that
over 90 percent of the y-globulin was
degraded to 3.5S under these condi-
tions. Ultracentrifugation was carried
out after the preparations had been
passed through CM-cellulose.

The papain was inactivated and small
fragments were removed by passing the
reaction mixture through a column of
Sephadex G-50 equilibrated with 0.001-
M sodium salt of p-chloromercuriben-
zoic acid (CMB) in 0.1M sodium ace-
tate, or, in one case, by adding excess
CMB directly to the reaction mixture
and dialyzing repeatedly. Crystals of
fraction III that formed were removed
by centrifugation. The remainder of
fraction III was removed by passage
through a CM-cellulose column (0.01M
acetate, pH 5.8); this step also removes
undigested y-globulin, which is adsorbed
strongly under these conditions. The
purified univalent material migrated in
each case as a single peak (~3.5S5) in
the ultracentrifuge. A single line,
characteristic of univalent fragments,
was obtained by the method of immuno-
electrophoresis in which a mixture of
sheep antisera prepared against pepsin-
treated (5§) rabbit -y-globulin and
against 7§ y-globulin was used.

Subfractions of univalent material
were obtained by stepwise elution from
a CM-cellulose column. The size of the
column was approximately lcm’/mg
of protein. The first fraction was ob-
tained by eluting with 0.01M sodium
acetate buffer, pH 5.1 (the protein was
first dialyzed against the same buffer).
A second fraction, roughly 50 percent
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of the protein, was obtained by eluting
with 0.01M sodium acetate buffer, pH
5.5, and a third by eluting with 0.1M
sodium acetate, pH 5.4. In one case,
the first two fractions were collected at
pH 5.0 and 5.3, instead of 5.1 and
5.5. Amino acid analyses were run on
the first and third fractions, each of
which contained roughly a fourth of the
total protein.

When paper electrophoresis was car-
ried out at pH 8.6, the fraction eluted
first from CM-cellulose moved more
rapidly toward the anode in each case
than the fraction eluted last, thus indi-
cating a parallel between net charge

Table 1.

and strength of adherence to CM-cellu-
lose. End fractions were run on adja-
cent strips; samples from rabbits N6,
N7, and Y2 were tested.

Samples to be compared were
dialyzed together against 0.02 M sodium
chloride, dried, and hydrolyzed (for 22
hours) in an evacuated sealed tube
with 1.5 ml of constant-boiling HCl
at 110° == 0.2°C. Amino acid analyses
were done by the procedure of Spack-
man et al. (I5) with a Spinco auto-
matic analyzer. In most instances, 1.3-
mg samples were analyzed on each col-
umn. For a given sample the same
amounts of material were delivered to

Comparison of amino acid composition of chromatographic fractions of univalent

fragments of rabbit v-globulin. The number of replicate determinations (first and third
fractions) were N6,3 and 3; N7,3 and 3; N12,2 and 2; Y2,2 and 3.

Average Mole percent =+
residues standard deviation, A Residues per molecule}
per Rabbit N6 and (P)%
molecule 1st ; ard
4 rabbits* fraction fraction Rabbit N6 Rabbit N7 Rabbit N12 Rabbit Y2
i Lysine
17.6  3.85+0.04 4.11%0.06 +1.2 (<0.01) +4+1.4 (<0.01) 1.1 (0.1) +0.9 (<0.01)
Histidine
2.8 0.53%£0.03 0.66:0.02 +0.6 (<0.01) +0.6 (<0.01) -+0.6 (0.3) -+0.3 (<0.01)
Arginine
10.0  2.21%+0.02 2.34%0.04 +0.6 (<0.01) +41.0 (<0.01) -+0.3 (0.1) +1.1 (<0.01)
Aspartic acid§ .
347 1.82+0.17 7.46+0.05 —=1.6 (0.03) —0.5 (0.4) —0.8 (0.1) —0.7 (0.03)
Threonine
63.3 14.28%+0.10 14.38=20.04 +0.4 (0.2) —0.8 (0.2) -+0.7 (0.5) -+0.3 (0.4)
Serine
51.2 12.06%=0.13 11.99£0.06 —0.3 (0.4) —0.2 — —04 (0.6) +1.1 (<0.01)
Glutamic acid$§
354 8.05+0.08 8.09+0.02 4-0.2 — . +0.4 (0.05) —0.4 (<0.01) —0.4 (0.1)
Proline
313 7.02£0.22 6.97+0.13 —0.2 — =03 (0.2) —0.2 — 102 _—
Glycine
4277 9.89£0.06 9.75%0.05 —0.6 (0.04) —0.8 (0.02) 0.0 —  —0.7 (0.04)
Alanine
310 6.90*0.04 7.05£0.06 0.7 (0.03) —0.4 (0.05) -0.4 (0.3) +0.2 —
Valine
439 9.86+:0.07 9.980.04 -+0.5 (0.05) 0.2 — =02 — =11 (0.05)
Methionine
24 047£0.02 0.46+0.01 0.0 — 402 — =01 - =02 —
Isoleucine
12.7  296=£0.02 2.79%+0.01 —0.8 (<0.01) 0.0 — 101 —_ =02 —
Leucine
294  6.54%+0.03 6.55+0.07 0.0 — =04 (0.1) —0.4 (0.6) +0.3 (0.2)
Tyrosine
20.2  4.62+0.09 4.60+0.07 —0.1 —  —0.3 (0.2) —0.2 — =09 (<0.01)
Phenylalanine '
134" 293%0.06 2.84%+0.04 —0.4 (0.1) ~—0.3 (0.06) —0.5 (0.4) —0.4 (0.2)
Ammonial|
46.4  9.87%0.33 10.76+=0.31 +3.9 (0.03) —1.8 (0.05) 0.2 (0.5) +1.8 (0.6)
Glucosaminel|
22 047%0.01 0.44%+0.03 —0.1 — 9 (0.07) -—0.1 - =02 —_—
Galactosaminel||
04 0.10%£0.07 0.09%0.01 0.0 —  +40.6 (<0.01) —0.3 (0.2) +0.4 (0.1)

* Overall average of the first and third fractions (four rabbits).

minus that for the first fraction.

+ Value for the third fraction

i The value, 1-P, is the level of confidence for the existence of a

real difference between the means of the values for the first and third fractions (see text). Values of

P are not given for differences less than 0.3 residue per molecule,

amide.
(lysine through phenylalanine in the table) X 100.
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§ Total of free acid and

|| Number of micromoles in sample divided by the number of micromoles of amino acids

the short and the long columns. Sam-
ples to be compared were always
analyzed with the same batch of
ninhydrin solution, and comparisons
were made with the same set of values
for a standard mixture of amino acids.
Replicate analyses were carried out and
samples to be compared were run
alternately.

The results are reported in Table 1
as percentages of the total number of
micromoles of amino acid present, as
calculated from the analyses. The sum
of the values for lysine through phenyl-
alanine equals 100 percent. This
eliminated the necessity for an accurate
preliminary  determination of the’
amount of protein being hydrolyzed.
The latter was estimated with the ex-
tinction coefficient at 280 my, 1.48 opti-
cal density units per milligram per
milliliter. We assume that tryptophan
and cystine, which are omitted, account
for 5 to 6 percent of the residues (16);
small differences, if any, between frac-
tions, with respect to tryptophan and
cystine, would have a negligible effect
on the calculated composition with
respect to each of the other amino
acids. The results for threonine and
serine are somewhat low because of
destruction during the 22-hour hy-
drolysis; however, samples to be com-
pared were hydrolyzed under identical
conditions. Methionine sulfone was not
observed. Data for ammonia (Table 1)
were corrected for the small amounts
present in the diluting buffer and the
hydrochloric acid used for hydrolysis,
as estimated by analyses in the amino
acid analyzer.

Results of analyses are given in Table
1. The number of replicate analyses
performed on each sample is given in
the heading. Values are tabulated for
differences between end fractions with
respect to each amino acid and cal-
culated on the basis that the weight
contribution of the amino acids
analyzed, per mole of fragments, is
46,000 g. This assumes a molecular
weight of 50,000, with an allowance
of 8 percent for the contribution of
cystine, tryptophan, and carbohydrate.
If the correct value were, for example,
10 percent lower, differences in mole
percent would be proportionately lower,
but ratios would be wunchanged.
Analytical results are given for rabbit
N6. Differences between end fractions
are tabulated for each of the four rab-
bits, together with values of P. The
latter values were calculated by a ¢-test
to determine the significance of the dif-
ference between the means of the end
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fractions (17). The value, 1-P, gives
the level of confidence for the existence
of a real difference between the two
mean values. Values of P are not in-
cluded where the difference is less than
0.3 residue per fragment, since such
small differences cannot be regarded as
significant.

Consideration first of amino acids,
other than amide, with uncharged side
chains, shows that in almost every in-
stance the difference between the end
fractions is less than one residue per
protein fragment. The average of all
values of differences for the uncharged
amino acids is 0.4 residue per frag-
ment. The signs of the differences
(value for the third fraction minus
that for the first), among those amino
acids, are consistent among the rab-
bits only for glycine and phenylalanine.

The average differences are —0.6
residue for glycine and —0.4 for
phenylalanine.

Consistent differences were, however,
observed among the amino acids with
charged side chains. These are in the
direction expected on the basis of ease
of elution from CM-cellulose. The frag-
ments eluted most readily (first frac-
tion) gave higher values for aspartic
acid (total of free acid and amide)
and lower values for lysine, histidine,
and arginine. For rabbits N6, N7, and
Y2 the confidence levels for the exist-
ence of a real difference were high
[(1—P)>0.95], except for the aspartic
acid of rabbit N7. Only duplicates were
obtained for rabbit N12 and confidence
levels are somewhat lower. Histidine
is considered as having a charged side
chain because the fractionation was
carried out a pH below its pK. The
signs of the small differences for gluta-
mic acid were not consistent.

One can estimate the effect of these
differences on the relative net charge of
the fractions by summing up the dif-
ferences for lysine, histidine, arginine,
and aspartic acid (the sign for aspartic
is reversed). The respective totals for
rabbits N6, N7, N12, and Y2 are 4.0,
3.6, 2.8, and 3.0 residues per fragment
of weight 50,000.

The fractions from different rabbits
were analyzed with different batches of
ninhydrin and compared with different
standard curves. This results in some
loss of precision. Although the values
for the four rabbits were in good
agreement, the possibility of small dif-
ferences could not be excluded.

Feinstein’s results (8) and our data
indicate that there are differences in
composition among molecules of rabbit
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y-globulin with respect to amino acids
having charged side chains. Koshland
(1) has found differences in the amino
acid composition of two specifically
purified antibodies directed against a
positively and a negatively charged
haptenic group. The differences Kosh-
land found also reside in amino acids
having charged side chains; the relative
electrophoretic mobilities of the two
antibodies would be of interest in this
connection. The agreement among other
amino acids (I7) was within the ex-
perimental error of one to two residues
per molecule of weight 160,000.

The standard deviations of nearly all
replicate measurements reported here
were well under one residue per frag-
ment. This is an obvious advantage of
working with smaller pieces. A dis-
advantage, considered below, is the
possibility of introducing artifacts by
enzymatic digestion.

Our results strongly suggest that the
separability of univalent fragments on
CM-cellulose may be attributable to
differences in amino acid composition.
Our data for amide are probably less
reliable than Feinstein’s since we made
no effort, aside from dialysis, to re-
move bound ammonia and because the
decomposition of serine and threonine
during hydrolysis increases the amount
of ammonia present. However, fractions
being compared were dialyzed together
and handled identically. Our results
neither confirm nor refute the report
that there are four to five additional
amide groups in the more basic frag-
ments (8). However they do suggest
that differences are small; the differ-
ences which we observed vary from
—2 residues per fragment for rabbit N7
to 44 residues for rabbit N6.

Exclusive of amide, there are con-
sistent differences of three to four
residues per molecule between end
fractions (Table 1). The results are
reported in terms of the total of
glutamic acid plus glutamine or aspartic
acid plus asparagine. Any differences in
amide must be superimposed on these
values. If one accepts the difference
as four residues of amide, then the total
contribution to the difference in aver-
age net charge of the fragments would
be seven to eight units. Since there is a
parallel between the net charge of a
y-globulin molecule and that of its
univalent fragments (6), corresponding
differences in composition may account
for the electrophoretic heterogeneity of

_y-globulin.

Several factors argue against the pos-
sibility that differences in amino acid

composition may actually result from
contamination by fragment ITI of the
last univalent fraction to be eluted. (i)
The fragments were passed through
CM-cellulose twice under conditions at
which fragment III is ordinarily re-
tained. (ii) Fragment III was not de-
tected by immunoelectrophoresis. (iii)
Despite its greater basicity, frag-
ment III has slightly more aspartic
acid per unit weight than the univalent
fragments (7). (iv) Contamination
should also have been reflected in the
content of methionine, alanine, glycine,
and isoleucine because the differences
in composition between univalent frag-
ments and fragment III, expressed as a
ratio, are about as great for these
amino acids as for the basic amino
acids. No such trends were noted ex-
cept for a slightly lower glycine content
in the last univalent fraction eluted.
Some difference in charge may pos-
sibly reside in carbohydrate. However
Feinstein reports (8) that differences in
sialic acid content between end frac-
tions of whole vy-globulin are not
appreciable, and our data indicate that
the glucosamine and galactosamine con-
tent of the univalent fractions do not
vary significantly (I8).
WiLLIAM J. MANDY
Mary K. STAMBAUGH
ALFRED NISONOFF
Department of Microbiology,
University of Illinois, Urbana
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