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Abstract—Antisera were raised in rabbits against fragment 11-193 (less Arg-144) or fragment 377-571
of bovine serum albumin (BSA). Several rabbits and bleedings at different time intervals from each
rabbit were studied. Fragment 377-571, corresponding to the last third of BSA, was invariably more
immunogenic than fragment 11-193. Antisera to fragment 377-571 showed, in quantitative precipitin
analysis, appreciable cross-reactions with BSA and with fragment 11-193, which increased with time
after immunization. Similar results were obtained with antisera to fragment 11-193. The reactivity
of antisera to fragment 377-571 with BSA was removed almost completely by absorption with fragment
11-193. Conversely, absorption of the antisera with BSA removed their reaction with fragment 11-193
almost entirely. Joint absorption by BSA and fragment 11-193, each at equivalence, gave a reaction
similar to that obtained by either fragment 11-193 alone or BSA alone in the region of antigen excess.
After absorption of antisera to fragment 377-571 with BSA, addition of fragment 11-193 at equivalence
(relative to the unabsorbed antiserum) gave no immune precipitate but inhibited 100% the precipitin
reaction of the absorbed antisera with fragment 377-571. However, antibodies in these antisera were
removed quantitatively on an immunoabsorbent of fragment 377-571. Similar findings were obtained
in absorption studies on antisera to fragment 11-193. A BSA-immunoabsorbent removed quantitatively
all the antibodies in whole antisera to fragment 377-571. Similarly, an immunoabsorbent of fragment
11-193 removed all these antibodies. Antibodies recovered from these immunoabsorbents did not react
best in precipitin reaction with BSA or fragment 11-193, but with fragment 377-571. In this respect,
they behaved exactly like the original whole antiserum and explained the observed differences in the
precipitating ability of the antisera with fragments 11-193, 377-571 and BSA. These studies confirmed
that BSA has repeating identical antigenic sites. Furthermore, fragments 377-571, 11-193 or BSA were
essentially the same immunochemically but antisera directed against any of these as an immunogen
differed only in their abilities to form insoluble immune complexes, and not in their abilities to bind

with the other two cross-reacting antigens.

INTRODUCTION

In recent studies from our laboratories we have
reported (Atassi et al., 1976a) the isolation, characteri-
zation and immunochemistry of a fragment from the
N-terminal third (sequence 11-193) of bovine serum
albumin (BSA). Also, the preparation of another frag-
ment from the C-terminal third (sequence 377-571)
of BSA was reported (Habeeb & Atassi, 1976),
together with similar detailed immunochemical
studies. Neither fragment gave an immune precipitate
with antisera to BSA but each by itself inhibited the
reaction of BSA with its antisera almost completely
(89-93%,). Also, each fragment, on an immunoabsor-
bent, removed almost all (89-95%;) of BSA antibodies
from the antisera. On the basis of these findings we

* This is the 4th article in the series “Immunochemistry
of Serum Albumin”. The preceding article in the series is
Habeeb & Atassi, 1976. The work was supported in part
by grants AI 11974, AI 13181, and AM 18920 from the
National Institute of Allergy and Infectious Diseases, and
the National Institute of Arthritis and Metabolic Diseases,
National Institutes of Health, United States Public Health
Service.

t Abbreviations used: BSA. bovine serum albumin.

advanced the concept that BSA carried identical
repeating antigenic determinants (Atassi et al., 1976a;
Habeeb & Atassi, 1976). In the present work, this
concept was subjected to further investigation by pre-
paring antisera to each of the aforementioned frag-
ments (11-193 and 377-571) and studying the cross-
reactions of the two fragments as well as of BSA with
these antisera.

MATERIALS AND METHODS

Materials

Bovine serum albumin (4 x crystallized) was obtained
from ICN Pharmaceuticals Inc. Trypsin-TPCK was from
Worthington Biochemicals Corp. Fragment 11-193 was
prepared by tryptic hydrolysis of citraconyl-BSA, followed
by removal of the citraconyl masking-group and gel fil-
tration on Sephadex G100 as recently described in detail
(Atassi et al., 1976a). Fragment 377-571 was isolated from
a partial tryptic hydrolysate of BSA by gel filtration on
Sephadex G-100, followed by chromatography on DEAE-
cellulose (Habeeb & Atassi, 1976). Each of the fragments
was shown to be homogeneous by disc-electrophoresis. Im-
munoabsorbents carrying fragment 11-193 or fragment
377-571 were prepared as previously described (Atassi et
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al., 1976a; Habeeb & Atass. 1976). Also, BSA or fragment
were coupled onto sepharose by benzoquinone (Brandt et
al., 1975). Each immunoabsorbent contained 3.2 mg of the
respective antigen/ml of packed sepharose.

Antisera

Antisera to fragment 377-571 or fragment 11 -193 were
raised in rabbits. Two different immunization schedules
were employed:

Schedule (A). A rabbit was immunized with a given frag-
ment by administering two injections intramuscularly
(cach, Smg protein in 1 ml of 1:1 emulsified mixture of
phosphate-saline and Freund’s complete adjuvant) 3
weeks apart. The rabbits were bled weekly starting 2 weeks
after the last injection.

In order to prepare sufficient quantities of antisera for
certain experiments from one rabbit. antisera of different
bleedings were pooled as follows: (1) bleedings of weeks
7-10: (2) bleedings of weeks 11-13: (3) bleedings of weeks
14-16. Antisera from different rabbits were not mixed. The
pools were freeze-dried and stored at —20°C. Portions of
the freeze-dried materials were reconstituted to the original
volume with distilled water immediately before use. Rab-
bits 487, 488 and 489 were injected with fragment 377-571.
while rabbit 492 was injected with fragment 11-193.

Schedule (B). Rabbits were immunized at weekly inter-
vals up to the third injection. In cach immunization, a
rabbit received 3—4 mg of protein or fragment as an emul-
sion {1.5ml) of 1:1 (v/v) of the protein solution in 0.0 M
phosphate. pH 7.2 0.15 M NaCl and Freunds” complete
adjuvant. For the first immunization, the rabbit was in-
jected in each of the hind foot pads (0.5 ml each) and sub-
cutaneously in the neck (0.5 ml). Subsequent immuniza-
tions were given intramuscularly in each of the rabbit’s
hind flanks (0.5 ml each) and subcutaneously in the neck
(0.5 ml). Test bleedings (about 50 ml) were taken from the
car four days after the first injection and then every 3-4
days thereafter up to one month. Following the first 3
immunizations, the rabbits were bled and boosted monthly
up to 6 months, after which they were bled and boosted
bi-monthly up to a year after the first injection. Antisera
from individual bleedings were not pooled but were kept
{—40°C) and studied separately. Rabbits BS and B7 were
immunized by this schedule with fragment 377-571.

Imnwnochemical methods

Agar double-diffusion and quantitative precipitin experi-
ments were done as previously described (Atassi & Saplin.
1968). In the present work, quantitative precipitin reactions
were carried out on aliquots {100 ul) of antiserum and
equal volumes of varying amounts of antigen in 0.01 M
phosphate buffer at pH 7.2 containing 0.15 M NaCl. The
mixture was incubated at 38°C for I hr and then at 4°C
for 2 days with occasional mixing. The precipitate was re-
covered by centrifugation and washed on the centrifuge
5 times with phosphate/saline buffer. The precipitates were
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dissolved n 59, sodium dodecy! sulfate (100 ). The sotu
tions were diluted with water (0.5 mi) and then mixed with
1.5ml of reagent C (Lowry et al. 1951), After standing
for 20 min, Folin reagent (150 ) was added. The absor-
bance was read at 750 nm and converted to mg ol anti-
body/ml of antiserum at equivalence by reference to o stan-
dard curve with known amounts of rabbit 1gG treated 11
a similar manner and run simultaneously. No corrections
were made for the antigen in the immune precipitaie smee
it represented a very small fraction of the total absorbance.
All quantitations were based on the mg per ml recovery.
These values for the antisera used in the present studies
are shown in Table 1.

Quantitative absorption experiments werce carricd out s
previously described (Atassi & Saplin, 1968) by mixing un
aliquot of a given antiserum with an amount of antigen
necessary to achieve equivalence as determined from the
precipitin curve. After removal of the precipitate. the
absorbed antiserum was examined lor its reactions with
various antigens by quantitative precipitin analysis and the
reactions were compared to those of the corresponding
unabsorbed and appropriately diluted antiserum.

The amounts of specific antibody 1o a given fragment
were also determined, in whole or absorbed antiscra. by
binding on an immunoabsorbent of the respective fragment
as described clsewhere in detail (Atassi ¢r ol 19764:
Habeeb & Atassi, 1976). The antibody bound to the im-
munoabsorbent was ecluted with 5 M guanidine hydro-
chloride and determined from the volume and absorbance
of the eluent at 280 nm.

The 1gG fraction was prepared from the antisera to {rag-
ment [ 193 by dialysis of the antiserum (3 ml} against
several changes of 0.0175 M sodium phosphate buffer. pH
7.3. followed by application on a DEAE-cellullose column
12 x 25¢m) that had been pre-equilibrated with the samc
buffer. The unretarded peak corresponded to the IgG frac-
tion of the antiserum. This step was necessary because low
levels of antibody were obtained by immunization with
fragment 11 193.

RESULTS

Reactions with antisera to fragment 377-571

In agar double-diffusion with these antisera, each
of BSA and fragment 11-193 gave a single sharp line
which fused completely with the single line of frag-
ment 377-571, showing no spurs or intersections.
With the 10-week bleeding of one antiserum (B7) to
fragment 377-571, a spur was observed between frag-
ment 377-571 and fragment [1-193 (as a continua-
tion of the homologous-antigen line). This spur
was very faint and must have accounted for a very
small percentage of the total antibody. The spur was
not observed in the earlier bleeding. Antisera to frag-
ment 377-571 from S different rabbits at different

Table 1. Antibody titers of the antisera and the antigen employed in immunization

Antiserum titer (mg antibody/mi antiserum)”

Rahbit Antigen 18-day bleeding” 10-week bleeding” 7. 10-week pool Tt 13-week poolt 14 It-week pool
Bs Fragment 377-571 071 RN

B7* Fragment 377-571 1S 4.60

AR7¢ Fragment 337-571 465 726 RENY

488¢ Fragment 377--571 0.71

489¢ Fragment 377-571 373 9.3

492¢ Fragment [1-193 0.72 0.41 0.25

« Antibody content of the antiserum was determined from immune precipitation, at the equivalence poim with the
homologous antigen, as determined by the Folin reaction and comparison with a standard curve of rabbit 1gG run

simultaneously.

b These represent single bleedings at the periods indicated after the first injections (immunization schedule B).
¢ These represent pools of the indicated weekly bleedings after the first injection (immunization schedule A).
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Fig. |. Quantitative precipitin reactions with antisera (489)
to fragment 377-571. (A) Antiserum from the pool of the
7-10-week bleedings; (B) antiserum from the 11-13-week
pool; (O) fragment 377-571; (@) BSA; (A) fragment 11-193,

periods during the immunization schedule were also
studied by quantitative precipitin analysis. The anti-
body titers of the antisera from different bleedings
of various rabbits, as determined from the equivalence
points of quantitative precipitin reactions with the
homologous antigen, are shown in Table 1. In quanti-
tative precipitin analysis with BSA or with fragment
11-193 these antisera gave an immune precipitate.
Figure 1 shows examples of the quantitative precipitin
curves with antisera from the 7-10-week pool and
the 11-13-week pool of rabbit 489. Table 2 summar-
izes extensive studies of the reactions of various bleed-
ings from 5 different rabbits. It can be seen with rab-
bits BS and B7, where single bleedings at 18 days
and at 10 weeks were monitored, that the cross-reac-
tions of the antisera with BSA was appreciable in
the early bleedings (37 and 60%) and became even
higher in the 10-week bleedings (63 and 85%). It was
even more remarkable that antisera to fragment
377-571 from the C-terminal third of BSA exhibited
a large cross-reaction with fragment 11-193 in early
bleedings (about 60%;) which was even further ele-
vated in the 10-week bleedings (76-94%). Similar
trends were exhibited by various antisera pools of
rabbits 487, 488 or 489. Thus the cross-reactions of
antisera 487 with BSA increased from 25% in the
7-10-week pool up to 61% in the 14-16-week pool,
and for antiserum 489, these increased from 38 to
72%,. The respective cross-reaction with fragment
11-193 increased from 18 to 40% for antisera 487
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and from 46 to 60% for antisera 489. Antiserum 488
was tested with one 7-8-week pool and again showed
considerable cross-reactions with BSA as well as with
fragment 11-193.

The lack of spurring in agar double-diffusion, which
appeared initially to be inconsistent with the results
of quantitative precipitin analysis (Fig. 1 and Table
2), was afterwards completely rationalized by the find-
ings subsequently described in this paper that the dif-
ferences in the precipitin curves are due to the pres-
ence of soluble immune complexes.

Absorption studies with antisera to fragment 377-571

Absorption experiments were carried out in order
to ascertain that the reactions discussed in the afore-

_mentioned section and summarized in Table 2, were

true immune precipitates. These studies are also ex-
tremely valuable for the establishment of the speci-
ficity of the antibodies involved in these reactions and
will enable the determination of whether or not BSA,
fragment 377-571 and fragment 11-193 carry similar
antigenic sites. Absorption of the antisera with frag-
ment 377-571 (i.e. the homologous antigen), removed
their reactivity entirely with any of these antigens.
The antisera were therefore either absorbed with BSA
alone, or with fragment 11-193 alone, or with both
and the supernatant was examined in each case by
quantitative precipitin analysis for its reactions with
each of fragments 377-571, 11-193 and with BSA.
(a) Absorption with BSA. Absorption studies with
BSA were performed on antisera from 2 bleedings
of rabbit B7, 3 bleedings of rabbit 487 and 2 bleedings
of rabbit 489. In each case, absorption with BSA at
equivalence removed the reactivity of the antiserum
supernatant with BSA. With antisera of rabbit B7 and
the 11-13-week pool from rabbit 489, absorption with
BSA removed all the reactivity with fragment 11-193
(e.g. see Table 3). In the case of other bleedings from
rabbits 487 or 489, a very small amount of reactivity
with fragment 11-193 remained after absorption with
BSA. This was between 8-15% relative to reaction
of the unabsorbed antiserum with fragment 377-571
at equivalence. The results of BSA-absorption of all
the antisera are summarized in Table 3. Absorption
also caused a substantial decrease in the reaction of
the antisera with the homologous antigen and the
equivalence point was at a lower (about half) antigen
concentration. In most cases, the decrease was
accounted for quantitatively by the amount of anti-
body removed by BSA in the absorption experiment.

Table 2. Quantitative precipitin reactions with antisera to fragment 377-571¢

Antiserum
Protein Antiserum B5® Antiserum B7* Antiserum 487° 488° Antiserum 489°
or 18-day 10-week 18-day 10-week 7-10-week  11-13-week 14-16-week 7-8-week 7-10-week  11-13-week
fragment bleeding bleeding bleeding bieeding pool pool pool pool peol pool
377-571 100 100 100 100 100 100 100 100 100 100
11-193 62.3 93.6 590 75.8 17.8 309 39.1 479 464 60.1
BSA 37.1 59.8 62.5 84.5 24.6 60.0 61.1 36.6 384 720

®Values are given in ) precipitation at equivalence relative to reaction of fragment 377-571 with the respective
antiserum as 100%,. Results represent the average of 3-6 replicate determinations which varied +1.2% or less. The
7 cross-reaction is based on mg of antibody precipitated at equivalence by each antigen as determined by the Folin
reaction and comparison with a standard curve of rabbit IgG run simultaneously.

®Single bleedings of these antisera, at the indicated periods after the first injections, were studied.

“ Antisera from weekly bleedings of the indicated periods after the first injection were pooled in groups, and these
pools were studied.
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Table 3. Reactions of antisera to fragment 371-571 after quantitative absorption with BSA

Reactions of absorbed antiserum relative to anahsorbed antiserum®
Protein
or Antiserum B7" Antiserum 487 Antiserun sy

fragment 18-day bleeding 10-week bleeding 7-10-week pool 11 13-week poot 14 10-week pool 7 Toaweek pool 112 13-week pool
BSA 4] B 0 0 i ! i
Fragment
i1-192 0 i} R0 15.2 152 11 i
Fragment
377 574 330 183 457 26 om 270 S~
Ab absorbed
by BSAY 67.1 X33 239 61 617 i
Total Ab
recovery' 100.1 LN 06Y.6 957 910 Hd N S

“Values were determined at equivalence from precipitin curves on each antigen with the antiserum supernatant
obtained after absorption of the whole antiserum with BSA at equivalence and removal of the BSA-immune precipitate

o

by centrifugation. Results arc given in

. reaction with the absorbed antiserum relative to reaction of unabsorbed

antiserum (similarly diluted) with fragment 377-571 as 100%,. Each value is the average of 3-6 replicate determinations
which varied +1.1% or less. Per cent reactions were based on mg antibody precipitated, determined as in footnote

(“) of Table 1.
? See footnote ” of Tables | and 2.
¢ See footnote © of Tables | and 2.

¢This represents the amount of antibody removed upon absorption of the whole antiscrum by BSA at equivalence.
“Total antibody was the sum of antibody removed by BSA and the residual reaction of the supernatant (absorbed

antiserum) with fragment 377-571.

In a few cases the decrease of reaction with fragment
377-571 was greater than the amount of antibody
removed by BSA in the absorption step (see the
7-10-week pools from rabbits 487 and 488 in Table
3). This discrepancy may have been due to the pres-
ence of non-precipitating antibodies giving soluble
antigen—antibody complexes and it will be shown sub-
sequently in this report that these are removed quan-
titatively on an immunoabsorbent of the homologous
antigen or of BSA.

(b) Absorption with fragment 11-193. The results of
absorption studies of 5 different bleedings from anti-
sera 487 and 489 are summarized in Table 4. Absorp-
tion of the antisera with fragment 11-193 at equiva-
lence removed their reactivity with BSA almost com-
pletely, leaving a very small amount (3-7%) of reac-
tion. Reactions of the absorbed antisera with frag-
ment 377-571 decreased by an amount which corres-
ponded quantitatively to the amount of antibody
removed in absorption by fragment 11-193 (see total
antibody recovery in Table 4). The equivalence point

shifted to a lower (about half) concentration of
homologous antigen. In one case, the 7-10-week pool
of antiserum 489, the decrease in reaction with the
homologous antigen was greater than the amount of
antibody removed by absorption. This may have been
caused by the presence of soluble antigen-antibody
complexes which were recovered by immunoabsor-
bent experiments described in a subsequent section.

(c) Joint absorption with BSA and with fragment
11-193. In these studies. BSA and fragment 11-193
were added together, to the same aliquot of anti-
serum, each in an amount that was calculated to
achieve equivalence for that particular antigen with
the whole antiserum. It was found that little or no
immune precipitate was obtained by this joint absorp-
tion. The small amount of immune precipitate, if
obtained by the joint absorption of an antiserum, was
quantitatively comparable with the amounts obtained
in absorption by either BSA alone or fragment 11-193
alone when it was used in twice the antigen concen-
tration required to reach equivalence.

Table 4. Reactions of antisera to fragment 377-571 after quantitative absorption with fragment 11. 193

Reactions of absorbed antiserum relative 1o unabsorbed antiserume

Protein
or Antiserum 487 Antiserum 4o

fragment 7-10-week pool T -13-week pool 14 16-week pool 7 1aeweck poot E 13-week pool
Fragment 11-193 0 0 i o 0
BSA® 69 6.3 6.9 S6 3
Fragment 377 371" 36,4 009 SNK 45.0 REX
Ab absorbed by 11 193¢ 218 87 44.8 ARE 60.1
Total Ab recovery” 107.9 9.6 103.6 N3 o

“Values are in %, reaction with the absorbed antiserum relative to the reaction of the unabsorbed antiserum (similarly
diluted) with fragment 377-571 as 100%, Results are based on mg antibody precipitated (sce footnote “ of Table 1).

" Values were determined at equivalence from precipitin curves on cach antigen with the absorbed antiserum and
each represents the average of 3 or 6 replicate determinations which varied +1.2% or less.

“See footnote ¢ in Table 1.

4 This represents the amount of antibody removed upon absorption of the whole antiserum by fragment 11-193

at equivalence.

¢ Value represents the sum of antibody removed by fragment 11--193 and the residual reaction of the supernatant

(absorbed antiserum) with fragment 377-571.
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Table 5. Inhibition of the reaction of BSA-absorbed anti-fragment 377-571 with fragment 377-571 by an excess of
fragment 11-193

Fraction of antibody obtained relative to total antibody in antiserum®

Antiserum 487 Antiserum 489

Stepwise operations® 7-10-week pool 11-13-week pool  14-16-week pool 7-10-week pool 11- 13-week pool
(1} Antibody removed by BSA in

absorption at equivalence 20.8 (0.97) 64.5 (4.68) 64.4 (3.02) 377 2.16) 659 (6.13)
(2) Ab precipitated in

antigen excess of 11-193 54 (0.25) 1.93 (0.14) 0 0 0
(3) Reaction with fragment 377-571

(precipitin curve) 0 0 0 0 0
(4) Ab removed on immunoabsorbent

of 377-571 74.6 (3.47) 37.6 (2.73) 34.8 (1.63) 82.5 4.73) 34.0 (3.16)
Total antibody recovered 100.8 {4.69) 104.0 (7.55) 99.2 (6.65) 120.2 (6.89) 99.9 (9.29)

o

¢ Values are given in

/. antibody recovered relative to total antibody content (in mg/ml) of the whole antiserum

(see Table 1). Values in parentheses represent antibody recovery (in mg/ml) from the antiserum by a given operation.
* Operations 1-4 were carried serially on the same aliquot of antiserum. .
(1) Antiserum was first absorbed with BSA at equivalence and the values here give the amounts of antibody removed

by this step.

(2) To the supernatant from (1) was added an amount of fragment 11-193 which corresponded to its equivalence
point with the whole and not the absorbed antiserum. This will be in the region of antigen excess towards the absorbed
antiserum from (1). Any trace of immune precipitate was removed and the amounts are indicated.

(3) The supernatant from (2) was examined by quantitative precipitin reaction with varying dilutions of fragment

377-571. No immune precipitate was obtained.

(4) The sample from (3) was passed on an immunoabsorbent of fragment 377-571. The amounts of antibody removed

are indicated.

Serial reaction of antisera with the three antigens

The following series of studies were performed on
the same aliquot of a given antiserum:

(1) Antiserum was absorbed with BSA at equiva-
lence and the immune precipitate was removed and
quantitated. The amount of antibody removed at this
stage (Table 5) compared quite well with the expected
reactivity of BSA (see Table 2) with that antiserum.

(2) The supernatant was mixed with an amount of
fragment 11-193 that was calculated to correspond
to the equivalence point of the peptide with the whole
(unabsorbed) antiserum (ie. not the equivalence
amount for the absorbed antiserum). This will be in
the region of antigen excess for fragment 11-193 and
therefore little or no immune precipitate was obtained
[see section (c) above]. At any rate, any trace of im-
mune precipitate was removed and quantitated.

(3) The supernatant was then examined for its reac-
tion with fragment 377-571 by quantitative precipitin
reaction over a wide range of antigen concentration.
No immune precipitate was obtained at this stage.
Taking into account that BSA-absorbed antisera
show a shift in the equivalence with respect to their
reaction with the homologous antigen, then the
amount of fragment 11-193 added in step 2 corres-
ponded to 6-8-fold molar excess relative to the
expected equivalence point of fragment 377-571 with
the absorbed antiserum.

(4) The antibody that did not give an immune pre-
cipitate with fragment 377-571 in step 3 was re-
covered on an immunoabsorbent carrying fragment
377-571.

These results are summarized in Table 5. It is clear
from Table S that the lack of an immune precipitate
with absorbed antiserum and fragment 377-571, in
the presence of a 6-8-fold excess of fragment 11-193,
was not due to the absence of antibodies with appro-
priate specificities. The latter could be recovered
quantitatively on an immunoabsorbent and, together
with the antibodies removed in absorption by BSA,

accounted for 99-104%, of the total antibody content
of the antiserum. In one case (the 7-10-week pool
of antiserum 489), the amount of antibody removed
by the immunoabsorbent of fragment 377-571 (83%)
was greater than that expected from the difference
(about 629,) between the reactions of BSA and frag-
ment 377-571 with the unabsorbed antiserum (see
Table 2). This indicates the presence of non-precipi-
tating antibodies even for the homologous antigen at
equivalence that cannot be detected by quantitative
precipitin analysis. Also, the excellent antibody reco-
veries here (Table 5) with the 7-10-week pool of anti-
serum 487 and the 11-13-week pool of antiserum 489
which could not be achieved by quantitative precipi-
tin analysis (Table 3) indicate that the latter method
precluded the detection of some soluble antigen-anti-
body complexes.

Reactions with antisera to fragment 11-193

This fragment was a poor immunogen as deter-
mined from testing the antisera by quantitative preci-
pitin reactions as well as by an immunoabsorbent
carrying fragment 11-193 to detect any non-precipi-
tating antibodies. Of the 3 rabbits immunized only
one gave antibody titers of sufficient levels to be
employed in meaningful study. Even with this rabbit,
an unusual decrease in amount of antibody titer
occurred relatively rapidly with progress of immuni-
zation. Antisera to fragment 11-193 showed a con-
siderable cross-reaction (28-37%) with fragment
377-571. Also, its cross-reaction with BSA which was
appreciable (16%) in the 7-10-week pool was further
elevated (to about 57%) in the later 14-16-week pool.
The results of quantitative precipitin analysis with
pools of three different bleedings from rabbit 492 are
shown in Table 6.

Absorption studies on antiserum to fragment 11-193

Only the 7-10-week pool from rabbit 492 was sub-
jected to absorption studies because the other antisera
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Table 6. Quantitative precipitin reactions with antisera to
fragment 11-193

Protein or Reactions with antisera 492¢

fragment 7-10-week pool  11-13-week pool 14-16-week pool
11 193 100 1060 100
377-571 303 260 2%.0
BSA 16.2 171 56.0

“Results are given in 9, precipitation at equivalence rela-
tive to reaction of fragment 11-193. Values are based on
mg antibody precipitated at equivalence which were deter-
mined as described in footnote ¢, Table 1.

were too weak for meaningful investigations. The
results are summarized in Table 7. After absorption
with BSA at equivalence, the antiserum did not react
with BSA, had little reaction with fragment 377-571,
while its reaction with the homologous antigen (frag-
ment 11-193) decreased by a corresponding amount.
Absorption of the antiserum with fragment 377-571
(whose cross-reaction is higher than that of BSA)
removed all the antiserum reactivity, both against
fragment 377-571 as well as against BSA. Reaction
of the absorbed antiserum with the homologous
antigen was also lower than that of the whole anti-
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serum. A better recovery of this antibody was
achieved by an immunoabsorbent of 11-193 than by
quantitative precipitin reaction (Table 7), again indi-
cating the presence of a small amount (about 6°)
of non-precipitating antibodies giving soluble com-
plexes between the absorbed antiserum and the
homologous antigen (fragment 11--193).

Immunoabsorbent studies with antisera to  fragment
377-571

These studies were carried out on the 7-10-week
pool and the 11-13-week pool from rabbit 489. An
aliquot of the antiserum was passed through either
an immunoabsorbent of BSA or of fragment 11-193
or of the homologous antigen.

(a) Immunoabsorbent of fragment 377-571. The
results are summarized in Table 8. A solution emerg-
ing after passage of an antiserum through the im-
munoabsorbent showed no reaction, by quantitative
precipitin analysis and by immunoabsorbent studies.
neither with fragment 377-571 nor with BSA. The
bound antibody was then eluted from the immunoab-
sorbent with 5 M guanidine-hydrochloride quanti-
tated. dialysed against 0.01 M phosphate buffer (pH
7.4) containing 0.15 M NaCl and then examined by

Table 7. Absorption studies on antiserum to fragment [1-193

Test antigen

and experiment Whole antiserum

Antiserum absorbed with BSA

Reictions with antiserum 492 (7 -10-weck poolf
Antiserum absorbed with 377 371

Ab absorbed out by antigen

BSA (precipitin curve)® 16.2
177-571 (precipitin curve)® 303
11- 193 (immunoabsorbenty om
(precipitin curve)’ 00
Total Ab recovery 100

151 263

0 240
6.7 0
727 737
65.7
939 102.4¢
94.3¢

“ Results are given in %, reaction relative to the reaction of fragment 11-193 with the unabsorbed (whole) antiserum

as 100%

S0

and represent the average of triplicate determinations which varied +1.59 or less. Values are based on

mg antibody recovered in each experiment determined as in footnote ¢ Table 1.

*These values were derived from quantitative precipitin analysis with the antiserum and varying amounts of the
antigen indicated, and refer to the amount of antibody precipitated at equivalence in each precipitin curve.

“Values represent the average of the amount of antibody bound on, and the amount of antibody recovered from.
an immunoabsorbent carrying fragment 11-193. These two amounts differed by 2-4%.

4 This value is the sum of antibody recovered with BSA, fragment 377-571 and then an immunoabsorbent of fragment

11-193.

“This value is the sum of antibody recovered with BSA, fragment 377-571 and then with 11-193 at equivalence

by quantitative precipitin analysis.

Table 8. Immunoabsorbent studies on antisera (489) to fragment 377571

Immunoabsorbent, antibody recovered and its reactions*
[mmunoabsorbent of

Immunoabsorbent of

Whole fragment 377-571 BSA-immunoabsorbent fragment 11-193
Antigen antiserum Effluent” Ab eluted’ Effluent’ Ab eluted? Effluent” Ab eluted”
I. Antiserum of the 7-10-week pool
Ab recovered (mg)® 0 78 0 79 0 77
BSA 19 0 40 0 49 Q0 29
Fragment 377--571 1060 0 100 0 100 1] t00
11. Antiserum of the 11-13-week pool
Ab recovered (mg)® i} 1.7 0 11.9 0 P3
BSA 72 8] 75.4 0 77 { N.D.
Fragment 377-571 100 0 100 0 100 Q N.D.

“Values are given in % quantitative precipitin reaction at equivalence relative to reaction of fragment 377-571 as
100%, Results represent the average of triplicate analyses which varied +1.5% or less.

» Amount of antibody recovered from 1 m! of whole antiserum applied on the immunoabsorbent.

°This fraction represents the amount and reactivity of any antibody that is not bound on the immunoabsorbent.

¢This represents the amount and reactivity of the antibody fraction that was displaced from the immunoabsorbent
by 5 M guanidine-hydrochlride. After dialysis against 0.01 M phosphate buffer at pH 7.4 containing 0.15M NaCl.
its quantitative precipitin reactions with BSA and fragment 377-571 were determined.
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quantitative precipitin analysis for its reactions with
fragment 377-571 and with BSA. The antibody re-
covered by elution from the immunoabsorbent had
an equal reactivity (in terms of mg antibody precipi-
tated at equivalence) to that of the original whole
antiserum with fragment 377-571. Also, this antibody
fraction exhibited (Table 8) a reaction with BSA
which was similar to that of the original whole anti-
serum.

(b) Immunoabsorbent of BSA. The solution emerging
after passage of antiserum 489 (see Table 8) on a BSA-
immunoabsorbent failed to react, in quantitative pre-
cipitin analysis and by immunoabsorbent studies, not
only with BSA but also with fragment 377-571. The
antibody recovered by displacement from the im-
munoabsorbent, behaved in terms of reactivity very
much like the original antiserum. It was quite surpris-
ing. therefore, that pure antibody which was ori-
ginally removed by a BSA-immunoabsorbent, reacted
in quantitative precipitin analysis at equivalence, only
partially with BSA. The extent of this partial reaction
(49 and 779 with the 7-10-week and the 11-13-week
pools, respectively, of antiserum 489) compared well
with those of the original whole antisera (40 and 72%)
relative to the homologous reaction. The original
whole antiserum and its antibody fraction from the
BSA-immunoabsorbent showed in each case equal
reactivities with the homologous antigen (in terms of
mg antibody precipitated at equivalence by fragment
377-571). Furthermore, for a given aliquot of anti-
serum, equal amounts of total antibody were re-
covered on an immunoabsorbent of BSA or an im-
munoabsorbent of fragment 377-571 (see Table 8).
Therefore, not only did antibodies obtained from the
antisera possess identical reactivities but were in addi-
tion recovered in equal amounts regardless of whether
the immunoabsorbent carried BSA or fragment
377-571.

(c) Immunoabsorbent of fragment 11-193. The results
from these immunoabsorbents were highly significant.
It was remarkable that an immunoabsorbent of frag-
ment 11-193 removed all antibodies in antisera to
fragment 377-571 (see Table 8). The effluent solution
(of unbound material) showed no reaction by precipi-
tin analysis and by immunoabsorbent studies, not
only with fragment 11-193 but also with BSA and
with fragment 377-571. The amount of antibody re-
covered from a given antiserum by this immunoab-
sorbent was equal (per ml of antiserum) to the
amounts displaced from an immunoabsorbent of BSA
or of fragment 377-571 (Table 8). Not only were the
amounts of bound antibody similar, but also their
immunochemical reactivities were quite comparable.
Therefore, fragment 11-193 removed quantitatively
all antibodies from antisera to fragment 377-571 even
though it did not form equal amounts of insoluble
complexes to those of the homologous antigen in
quantitative precipitin reaction. Again, like those
from the BSA-immunoabsorbent, antibodies isolated
from an immunoabsorbent of fragment 11-193
reacted best in precipitin analysis with fragment
377-571 and not with the material used for their iso-
lation on the immunoabsorbent (Table 8).

Finally, it has recently been reported (Heinzel et
al., 1976) that non-specific binding of proteins to albu-
min-Sepharose may take place when the Sepharose

455

is activated by CNBr for coupling. Accordingly, BSA
or a fragment were coupled onto Sepharose by benzo-
quinone (Brandt et al., 1975) and the aforementioned
studies were repeated. The results obtained were iden-
tical regardless of the method of preparation of the
immunoabsorbent and ruled out any interference by
non-specific protein binding.

DISCUSSION

The results of quantitative precipitin reactions with
antisera to fragment 377-571 indicated that there was
in these antisera a substantial antibody population
that cross-reacted with BSA. This was not entirely
unexpected, since antibodies directed against anti-
genic sites of a major fragment from the molecule
can recognize those antigenic sites when they are
encountered on intact BSA. Fragment 377-571, which
is cross-linked by 6 disulfide bonds, should retain a
highly folded structure as reported for fragment
377-581 (Reed et al., 1975; Teale & Benjamin, 1976).
The proportion of antibodies that would recognize
sites on the intact BSA molecule increased, also as
expected, with the duration of immunization. This is
somewhat analogous to the observations, for example,
that antisera to amidinated BSA or guanidinated BSA
(Habeeb, 1968) or glutaraldehyde-treated BSA
(Habeeb, 1969) showed increasing reactivity with BSA
upon prolongation of the immunization schedule.

The reaction of antisera to fragment 377-571 with
an entirely different part of the BSA molecule (i.e.
fragment 11-193) is quite remarkable. As with BSA,
antibodies that recognized sites on the N-terminal
third of the molecule also increased with time. Since
in absorption experiments, BSA removed almost all
the reactivity of the antiserum with fragment 11-193,
and conversely absorption with fragment 11-193
again removed almost all the reactivity with BSA, it
became evident that these two antigens reacted essen-
tially with the same antibody population. This con-
clusion was supported by the finding that when a
given antiserum was mixed simultaneously both with
BSA and with fragment 11-193, each at equivalence,
the reaction mixture behaved as if it were in antigen
excess of either BSA or fragment 11-193.

Clearly both BSA and fragment 11-193 were com-
peting for the same antibody population. It is not
unusual to expect the reactive sites on fragment
11-193 to be completely expressed on the intact BSA
molecule. However, the reverse is totally unexpected
and the intact molecule would normally carry ad-
ditional antigenic sites that are not present on the
N-terminal third part of the molecule, especially in
view of the fact that the immunogen represented the
C-terminal third part of the molecule. This could im-
ply that BSA reacts through the same antigenic sites
that are present on the N-terminal fragment 11-193
with no additional sites elsewhere on the intact BSA
molecule. However, since the immune response was
directed in fact against the C-terminal fragment
377-571, then it would be expected that BSA should
cross-react in addition through antigenic sites present
on the C-terminal third of the molecule. Since little
or no such additional reactivity is observed on BSA
over that exhibited by fragment 11-193, the results
suggested that BSA and fragment 11-193 and frag-
ment 377-571 carry identical antigenic sites.
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Further support for this conclusion was derived
from studies with antisera to fragment 11--193. These
antisera exhibited appreciable cross-reactions with
BSA as well as with fragment 377-571. Again, with
these antisera, absorption with BSA left little or no
reaction with fragment 377-571. Conversely, absorp-
tion with the latter fragment left no reaction with
BSA in the antiserum supernatant. It is, therefore, evi-
dent that BSA carries no new antigenic sites that are
not expressed on fragment 377-571 despite the fact
that the immune response was directed against the
N-terminal part 11-193.

If this conclusion was correct then it may be
expected that BSA or fragment 11-193 should have
equal antigenic reactivity to that of fragment 377-571
with antisera to the latter. Although with some anti-
sera, a cross-reaction went over 85-90%, a more
representative cross-reaction was between 50-70%,.
Another matter of concern which seemed to contra-
dict the concept of identical antigenic sites on the
three antigens, is that neither absorption with BSA
nor with fragment 11-193 removed all the reactivity
with the homologous antigen (fragment 377-571).
This apparent contradiction could be eliminated by
postulating the presence of soluble immune com-
plexes. This postulate is, of course, amenable to ex-
perimental verification which was obtained. Thus
when both BSA and fragment 11-193 were added
simultaneously, each at equivalence, to an aliquot of
a given antiserum, the mixture behaved as if it were
in the region of antigen excess of either of the two
antigens alone. More convincingly, however, since the
addition of an excess of fragment 11-193 to a BSA-
absorbed antiserum of fragment 377-571 inhibited
completely its reaction with the homologous antigen
(fragment 377-571), it was evident that the im-
munogen (fragment 377-571) carried no new antigenic
sites that will not react with fragment 11-193 from
the N-terminal third of the molecule. That a fragment
representing a third of the molecule should elicit an
immune response that was recognized totally and
quantitatively by an entirely different part of the mol-
ecule is extremely unusual. Further, the aforemen-
tioned reasoning has obviously led to the inescapable
conclusion that a portion of a protein representing
only a third of the molecule has given essentially the
same immune response as that derived from immuni-
zation with the whole protein.

These concepts are without precedence in protein
immunochemistry and required exhaustive investiga-
tion, especially in view of the finding that with a given
antiserum to a fragment, the highest precipitin reac-
tion was obtained with the homologous antigen (see
Tables 2 and 6). Therefore, we resorted to investigat-
ing immunochemical specificities by immunoabsor-
bent studies which provided strong evidence that
BSA, fragment 11-193 and fragment 377-571 were
immunochemically identical.

The finding that an immunoabsorbent carrying
BSA or fragment 11-193 removed quantitatively all
the antibodies in antisera to fragment 377-571, clearly
demonstrated that no new antigenic specificity was
generated when fragment 377-571 was used as an im-
munogen. In fact whether the immunoabsorbents car-
ried BSA or fragment 11-193 or fragment 377-571,
they possessed equal efficiency in binding antibodies
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since the amounts of antibodies (in equal aliquots of
a given antiserum) that could be displaced from the
threc immunoabsorbents were identical. The behav-
iors of the eluted antibody fractions in quantitative
precipitin reactions towards BSA or fragment
377-571 compared well with those of the respective
original antisera. Thus, for example, an antibody frac-
tion isolated from a BSA-immunoabsorbent gave in
quantitative precipitin analysis only a partial reaction
with BSA and a complete reaction with fragment
377-571. The relative extent of the two reactions were
virtually identical to those exhibited by the original
whole antiserum (see Table ). Similarly, the antibody
fraction isolated on an immunoabsorbent of fragment
11-193 reacted only partially with fragment {1-193
or with BSA. This is unusual, because the antibody
fraction isolated on an immunoabsorbent of a par-
ticular antigen would have been expected to react best
with that antigen which was not the case, and these
antibodies behaved exactly like those isolated on an
immunoabsorbent of fragment 377.-571. The behavior
of these antibodies isolated on specific immunoabsor-
bents is vital for the understanding of the behavior
of the original whole antisera in quantitative precipi-
tin reactions. The studies clearly indicate the presence
of non-precipitating antisera. the precipitating effi-
ciency of which is best with the homologous antigen.
Even though they do not precipitate efficiently with
BSA or fragment {1-193. they can be removed en-
tirely by their respective immunoabsorbents and
when they are thus recovered they still do not precipi-
tate efficiently with BSA but behave exactly like the
original antiserum. It has long been known (Farr,
1958) that BSA-antisera contain substantial amounts
of non-precipitating antibodies which give soluble im-
mune complexes even at equivalence in the precipitin
reaction. The amounts of these soluble complexes
vary with time after immunization (Talmage &
Maurer, 1953; Farr. 1958). Clearly, on the cross-react-
ing fragment 11-193 are cxpressed all the antigenic
sites that are present on the immunogen itself (frag-
ment 377-571) and these arc also entirely expressed
on BSA.

Previously we have shown (Atassi et al.. 1976a) that
fragment 11 193 inhibited the reaction of BSA with its
antisera almost completely (88%)) and an immuno-
absorbent of the fragment removed almost all (89%)
the antibodics in BSA-antisera. Soon afterwards we
showed (Habeeb & Atassi. 1976) that the C-terminal
fragment 377-571 also inhibited almost completely
(91.5 + 1.52;) the reaction of BSA with its antisera.
An immunoabsorbent ol fragment 377-571 removed
89-95°. of the antibody from BSA-antisera. It is rele-
vant here to mention that fragment 377-581 was
recently found (Teale & Benjamin, 1976) to imhibit
the reaction of radioiodinated BSA with its antibodies
by the Farr assay at a much lower level (359]) than
the extents of reactivities which we have found
(90--95%). This is most likely a function of the limi-
tation of determining inhibition by the Farr assay
which they employed. The procedure determines inhi-
bition by measuring thc amount of free radiolabeled
antigen liberated by an inhibiting peptide. In such
studies, the method will vield erroncously low results
because inhibition by a monovalent, divalent {or even
higher) fragment is not expected to hiberate much if
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any free-labeled antigen. The reason for this is that
the competing fragment will displace antibodies from
antigenic sites on the protein antigen that are repre-
sented on the fragment. However, other antigenic sites
on the protein antigen would remain bound to their
respective specific antibodies and these complexes will
be precipitated by ammonium sulfate. The inhibiting
peptide is expected to liberate little or no free antigen
but will liberate free antibodies by displacing them
only from the corresponding sites on the protein
antigen in the immune complex. The fact that so
much (35%) free BSA was liberated, contrary to
expectation, attests to remarkable potency of the
competing fragment 377-581.

Since the two fragments (one comprising the first
third and the other the last third of the protein) could
each by itself account for the entire antigenic reacti-
vity, the results were explained by the concept that
BSA carries repeating and immunochemically related
antigenic sites (Atassi et al., 1976a; Habeeb & Atassi,
1976). This concept was unique in protein immuno-
chemistry and demanded an in-depth investigation.

The present work clearly shows that antisera to
one fragment are recognized totally by the other frag-
ment as well as by intact BSA. They only showed
differences in their abilities to form immune precipi-
tates with the three antigens but not in their ability
to bind. The aforementioned reports and the results
described in this communication strongly establish
that BSA has repeating immunochemically equivalent
antigenic sites. It is not implied that one site is repeat-
ing six times but at least two sites are repeating three
times each and the sites may have differences in bind-
ing energy. Furthermore, no particularly unique anti-
genic specificity that is peculiar to the immunogen
is generated regardless of whether the immunogen is
BSA, the first third fragment 11-193, or the last third
fragment 377-571. These conclusions are evidently
not dependent on the animal or on the immunization
schedule or on the duration of immunization. It is
not apparent at present whether the antigenic sites
are made up of residues that are directly linked by
peptide bonds like in myoglobin (Atassi, 1975) or are
constructed from conformationally-adjacent residues
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that are otherwise distant in sequence like in lyso-
zyme (Atassi et al., 1976b, ¢, d; Lee & Atassi, 1976).
Examination of the primary structure of BSA deter-
mined by Brown (1975) does not show an obvious
repetition of a sequence feature which has to comprise
6 or 7 residues as in myoglobin (Atassi, 1975). Fur-
thermore, the intactness of the disulfides in fragment
11-193 (Atassi et al, 1976a) and fragment 377-571
(Habeeb & Atassi, 1976) is essential for their immune
reaction. This is analogous to the structural require-
ment in lysozyme for covalent maintenance of the
conformational proximity of the residues constructing
the antigenic sites (Atassi et al., 1976b, ¢, d; Lee &
Atassi, 1976). At any rate, it is best not to speculate
at the present time on the nature of the antigenic
sites in BSA but await the determination of its total
antigenic structure.

REFERENCES

Atassi M. Z. (1975) Immunochemistry 12, 423.

Atassi M. Z. & Saplin B. J. (1968) Biochemistry 7, 688.

Atassi M. Z., Habeeb A. F. 8. A, & Lee C.-L. (1976a)
Immunochemistry 13, 547.

Atassi M. A., Koketsu J. & Habeeb A. F. S. A. (1976b)
Biochim. biophys. Acta 420, 358.

Atassi M. Z., Lee C.-L. & Habeeb A. F. S. A. (1976¢) Im-
munochemistry 13, 7.

Atassi M. Z,, Lee C.-L. & Pai R.-C. (1976d) Biochim. bio-
phys. Acta 427, 745.

Brandt J., Andersson L.-O. & Porath J. (1975) Biochim.
biophys. Acta 386, 196.

Brown J. R. (1975) Fedn Proc. Fedn Am. Socs exp. Biol.
34, Abstr. 2105.

Farr R. S. (1958) J. infect. Diseases 103, 239.

Habeeb A. F. S. A. (1968) J. Immun. 101, 505.

Habeeb A. F. S. A. (1969) J. Immun. 102, 457.

Habeeb A. F. S. A. & Atassi M. Z. (1976) J. biol. Chem.
251, 4616.

Heinzel W., Rahimi-Laridjani I. & Grimminger H. (1976)
J. immunol. Meth. 9, 337.

Lee C-L. & Atassi M. Z. (1976) Biochem. J. 159, 89.

Reed R. B., Feldhoff R. C., Clute O. L. & Peters T.. Jr.
(1975) Biochemistry 14, 4578.

Talmage D. W. & Maurer P. H. (1953) J. infect. Diseases
92, 288.

Teale J. M. & Benjamin D. C. (1976) J. biol. Chem. 251,
4609.



