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A Fragment Comprising the Last Third of Bovine Serum
Albumin Which Accounts for Almost All the Antigenic
Reactivity of the Native Protein*

(Received for publication, December 11, 1975)

AHMED F. S. A. HABEEB AND M. ZOUHAIR ATASSI{

From the Division of Clinical Immunology, University of Alabama Medical School, Birmingham,
Alabama, 35233 and Department of Immunology, Mayo Graduate School of Medicine, Rochester,
Minnesota 55901

The fragmentation of native bovine serum albumin by trypsin has been studied in agueous solution
under various conditions with regard to the yield and size of the fragments obtained. From a partial
tryptic hydrolysate at pH 8.2 (40°, 1 hour), a homogeneous fragment was isolated in high yield by gel
filtration on Sephadex G-100, followed by chromatography on DEAE-cellulose. The molecular weight of
the fragment by gel filtration on calibrated Sephadex G-100 columns and by sodium dodecyl sulfate
electrophoresis was 22,500. After reduction of the disulfide bonds followed by alkylation of the resultant
thiol groups with iodoacetamide, the fragment retained homogeneity by disc electrophoresis and its
molecular weight remained unchanged, indicating that it was composed of a single polypeptide chain.
From its amino acid composition, sequence of the first 20 residues, and actions of carboxypeptidases A or
B, it was unequivocally assigned to positions 377-571 in albumin. The inhibitory activity of the fragment
was 90 to 93% towards the immune reaction of the protein with the IgG fraction of the antisera. The IgG
fraction accounted for 96% of the total antibody activity in the antisera. An immunoabsorbent of
fragment 377-571 removed 89 to 95% of the antibody to albumin. A fluorescent derivative of the
fragment, which retained full immunochemical reactivity, was found to bind 2 mol of antibody/mol of
peptide. The disulfides in peptide 377-571 were essential for its immunochemical reaction because the
latter was entirely abolished upon reduction and S-alkylation of the disulfides. Since this fragment
comprised only a third of the albumin molecule, but accounted for 90 to 95% of its antigenic reactivity,

the results indicated that native albumin carries identical repeating antigenic reactive sites.

In previous studies we had reported the isolation and
characterization of a large fragment from the first third of
bovine serum albumin, which accounted for 84 to 90% of the
total immune reaction of the native protein (1). The fragment
was isolated by a novel approach which we had previously
introduced (2) for obtaining fragments from disulfide-contain-
ing proteins without rupturing the disulfides. Reversible mask-
ing of the amino groups by citraconylation induces in these
proteins conformational changes (3) which renders them acces-
sible to tryptic hydrolysis at arginine peptide bonds. Following
the removal of the protecting groups cleavage at the lysine
peptide bonds may be continued, if desired. The aforemen-
tioned fragment, which was isolated after specific cleavage of
bovine serum albumin at arginine peptide bonds (4), corre-
sponded to positions 11-193 (less Arg 144) of albumin (1).
However, for complete delineation of the antigenic reactive

* This is the third article in the series “Immunochemistry of Serum

Albumin.” The preceding article in the series is Ref. 1. The work was.

supported in part by Grants Al 11974, AT 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.

1 To whom correspondence should be addressed at Mayo Medical
School, Department of Immunology, Rochester, Minn. 55901.

sites of a protein antigen, the immunochemistry of a large
variety of overlapping peptides from the parent protein (5, 6)
must be studied. In order to elucidate the antigenic structure of
albumin, one aspect of our strategy has been to find satisfac-
tory procedures for fragmentation of the protein without
rupturing the disulfide bonds and which yield peptides with
good immunochemical reactivity. In the course of these studies
we have found that albumin is partially hydrolyzable with
trypsin and have studied its fragmentation pattern under
various conditions. These studies, which are reported here,
describe also the isolation and characterization of a homogene-
ous fragment from the protein, together with its detailed
immunochemical properties.

EXPERIMENTAL PROCEDURE

Materials—Bovine serum albumin {crystallized three times) was
obtained from Nutritional Biochemical Corp. Fluorescein isothiocya-
nate was from Calbiochem. Trypsin-TPCK (trypsin which had been
treated with L-1-tosylamido-2-phenylethyl chloromethyl ketone to
eliminate chymotryptic activity, twice crystallized) was obtained from
Worthington Biochemical Corp.

Tryptic Hydrolysis of Bovine Serum Albumin at 40°—Bovine serum
albumin (1 g) was dissolved in 0.01 M sodium phosphate buffer (100
ml), pH 8, and the pH was adjusted to 8.2 and temperature brought to
40°. Tryptic hydrolysis was done at 40° with a trypsin/protein ratio of
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1/100 and the pH was maintained at 8.2 by the addition of 1 N NaOH.
Hydrolysis periods of 30 min, 60 min, and 2 hours were investigated.
After digestion, soybean trypsin inhibitor was added (14 mg). Inhibi-
tion of tryptic activity was confirmed by loss of action on p-tosyl-L-
arginine methyl ester hydrochloride (7). The solution was then
freeze-dried.

Tryptic Hydrolysis of Protein at 60°—A solution of albumin (0.5 g)
in 0.01 M NH ,HCO, (50 ml), containing 62 mg of calcium chloride (to
make it 0.011 M with respect to CaCl;) was brought to pH 8.2 and 60°.
The sclution was then treated with trypsin-TPCK"® (5 mg) for 15 min,
keeping the pH at 8.2 by the addition of 1 N NaOH. After cooling the
solution to room temperature, soybean trypsin inhibitor (7 mg) was
added and the hydrolysate was freeze-dried.

Gel Filtration of Tryptic Hydrolysates—A portion (0.3 g) of the
freeze-dried hydrolysate in 0.01 m NH HCO, (10 ml) was applied to a
column (2.7 x 80 cm) of Sephadex G-100 which was eluted with 0.01 m
NHMHCO;. The eluate was monitored for absorbance at 280 nm and
fractions (7.5 ml) belonging to one peak were combined and freeze-
dried. The relative amounts of protein in each peak and the total
protein recovery were calculated from optical density as well as from
dry weight recoveries.

Chromatography of Peptide on DEAE-cellulose—A portion (100 mg)
of Peak 3 material in the aforementioned gel filtration experiment was
dissolved in 0.005 M sodium phosphate buffer (2 ml) at pH 6.2 and
dialyzed exhaustively against the same buffer. The solution was
applied to a column (1.5 x 20 cm) of DEAE-cellulose which had been
pre-equilibrated with the same buffer. The column was initially eluted
with 0.005 M phosphate buffer, pH 6.2. Following emergence of the first
protein peak, stepwise elution with salt concentrations at pH 6.2 was
employed. Thus 0.005 M phosphate buffer was followed by 0.0175 m
phosphate, then 0.0175 M phosphate + 0.077 m NaCl and finally 0.0175
™M phosphate + 0.5 M NaCl. Column effluents were read at 280 nm and
fractions (3 ml) under a given peak were pooled, dialyzed against
water, and then freeze-dried.

Reduction and Alkylation of Peptide—To a solution (0.6 ml) of the
peptide (30 mg) in Tris-glycine buffer, pH 7, containing 0.5 mg of
EDTA/ml, was added 5 M guanidine hydrochloride at pH 8 (1 ml)
containing 0.5 mg of EDTA/ml, followed by an aliquot (0.4 ml) of 0.25
M fA-mercaptoethanol. The solution was allowed to stand at room
temperature for 1 hour. A portion (0.15 ml) of the reduction mixture
was removed, the peptide was precipitated and washed with 5%
trichloroacetic acid, the free sulfhydryl content was determined by
Ellman's reagent (8), and the number of reduced disulfides was
calculated as described previousiy (9).

To the remainder of the reduced peptide was added iodoacetamide
(30 mg) and the reaction was allowed to proceed at pH 8.0 for 30 min.
Completeness of the alkylation was confirmed by reaction with
5,5'-dithiobis(2-nitrobenzoic acid), and subsequently by amino acid
analysis. The reduced, S-alkylated peptide was desalted by gel
filtration on a column (2 % 40 em) of Sephadex G-25 in 0.01 M
NHHCO, and the material was then freeze-dried.

Analytical Methods—Procedures for disc electrophoresis, peptide
mapping, hydrolysis of protein, and peptide samples in constant
boiling HCI or in 3 N p-toluenesulfonic acid (10), and amino acid
analysis of the hydrolysates were carried out as previously described
(1). Concentrations of protein and peptide solutions were derived from
their nitrogen contents, which were determined by the method
described elsewhere (11). The nitrogen contents of peptide 377-571 was
calculated from its composition (Table II) and that of albumin was also
taken as 16.3%. The molecular weight of the fragment was determined
by gel filtration on a calibrated Sephadex G-100 column and also from
its mobility in SDS-sodium phosphate disc electrophoresis relative to
those of several standard proteins of known molecular weights by
procedures already described (1). Sequence analyses were done on a
Beckman 890C sequenator in 1 M Quadrol standard program No.
042772. The PTH-derivatives were identified by gas chromatography
on a Hewlett Packard 7610A chromatograph with 2-mm (inside
diameter), 4 feet long columns of DC 560 using the system of Pisano et
al. (12), as well as by thin layer chromatography (13).

Immunochemical Methods—Antisera to albumin were raised in
three rabbits (14) and were mixed and freeze-dried. Antisera were
reconstituted to the original volume with water to contain 1.7 mg of
anti-albumin/ml. Quantitative precipitin and inhibition experiments

! The abbreviations used are: TPCK, 1-1-tosylamido-2-phenylethyl
chloromethyl ketone; PTH, phenylthiohydantoin; SDS, sodium do-
decyl sulfate.
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were carried out as previously described in detail (15). All immuno-
chemical reactions were carried out in 0.01 M phosphate buffer at pH
7.0 containing 0.15 M NaCl. Methods for the preparation of the IgG
fraction of anti-albumin (which accounted for 96% of the total
antibody reactivity of the whole antiserum), the preparation of
immunoabsorbents, the determination of antibody binding by
immunoabsorbents, the reaction of the peptide with fluorescein
isothiocyanate, and the determination of binding of the fluorescein-
peptide conjugate to anti-albumin antibody have been described (1).

Preparation of Pure Anti-albumin Antibody by Sepharose-Albumin
Immunoabsorbent—A suspension (2 ml) of Sepharose-albumin conju-
gate was mixed gently, in a small chromatographic column (1 x 10
em), with antiserum to albumin (10 ml) for 2 hours at room
temperature. The protein was then run out and the column was eluted
with 0.01 m phosphate, pH 7.0/0.15 M NaCl until absorbance at 280 nm
reached 0.005. The absorbed antibody was eluted with 5 M guanidine
hydrochloride and the solution was desalted on a column (1.5 x 35 cm)
of Sephadex G-25 by elution with 0.01 M NH ,HCO,. Fractions from the
first peak were pooled and concentrated with a PM-30 Diaflo mem-
brane and the antibody content was determined by quantitative
precipitin reaction.

RESULTS

Tryptic Hydrolysis of Bovine Serum Albumin—Hydrolysis
of albumin with trypsin at 40° for 30, 60, and 120 min resulted
in similar products as shown by disc electrophoresis in Tris-
glycine (Fig. 1) and in SDS gels. Also, the relative amounts of
the fragments, as determined by gel filtration (Fig. 2 and Table
I), were very similar. Tryptic hydrolysis at 60° gave a much
lower yield of the 22,500-dalton fragment (Fig. 3). As will be
subsequently shown, this fragment carried very high immuno-
chemical reactivity and its preparation in good yield was
desirable. A hydrolysis time of 1 hour at 40° was therefore
chosen for all subsequent preparations.

Gel Filtration of Tryptic Hydrolysate—A gel filtration pat-
tern of a 60-min tryptic hydrolysate is shown in Fig. 2. Five
components were obtained. The first component corresponded
to an aggregate of albumin and was not investigated. Compo-
nent 2 corresponded to native protein and its quantitative
precipitin curve with antisera to albumin was superimposable
with that of the native protein. Component 3 possessed
inhibitory activity, while the fourth and fifth components had
little or no inhibitory activity. The fourth component corre-
sponded to a fragment of M, = 8000. The fifth component was
composed of small peptides and gave at least 46 spots by
peptide mapping. The recoveries of each component, by
weight, are shown in Table L.

Chromatography and Characterization of Third Component
from Gel Filtration—Examination of component 3 from gel

et

®
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Fic. 1. Disc electrophoresis patterns in Tris-glycine buffer of: 1,
bovine serum albumin; 2, tryptic hydrolysate at 40° and 2 hours; 3, 4,
and 5, tryptic hydrolysates at 40° and 1 hour; 6, tryptic hydrolysate
at 40° and 30 min; 7, Peak 2 in Fig. 24; 8, Peak 3 in Fig. 24; 9 and
10, Peak 3 from Fig. 2A, after chromatography on DEAE-cellulose
(Fig. 2B).
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Fic. 2. A, gel filtration pattern of a 40° tryptic hydrolysate (1 hour)
of albumin. The hydrolysate (0.3 g) was applied onto a column (2.7 x
80 c¢cm) of Sephadex G-100 which was eluted with 0.01 M NH,HCO,.
Fractions (7.5 ml each) were analyzed continuously by an ultraviolet
monitor. B, chromatographic pattern on DEAE-cellulose of Peak 3
from A. The material (100 mg) was applied on column (1.5 x 20 cm)
which was subjected to stepwise elution. Initial elution was with 0.005
M sodium phosphate buffer at pH 6.2. At Position @ the column was
eluted with 0.0175 M phosphate, pH 6.2, and at Position b the eluent
was changed to 0.0175 M phosphate, pH 6.2, + 0.077 M NaCl. Fractions
(3 ml) were read continuously by an ultraviolet monitor.

TasrLe I
Recovery of fractions from tryptic hydrolysates of albumin under
various conditions
Recoveries are given in per cent of total and are based on the weight
recovery of each fraction in gel filtration on Sephadex G-100 (see Figs.
2 and 3)

Per cent recovery
Conditions of tryptic
hydrolysis Fracltion Fracztion Fra{gation Fraition Fraction
I. Hydrolysis at 40°
30 min® 1.7 15.3 21.8 19.6 41.0
1 hre 2.2 14.7 23.7 20.4 39.5
2hr¢ 1.9 14.0 20.9 18.3 44.2
II. Hydrolysis at 60°
15 min® 1.6 15.8 9.1 25.9 46.7

° Note that a maximum weight recovery of 33% constitutes a 100%
yield, since this fragment is one-third the size of the albumin molecule.

® Average of 4 experiments.

¢ Average of 8 experiments.

¢ Average of 12 experiments.

¢ Average of 2 experiments.

filtration by disc electrophoresis revealed considerable hetero-
geneity (Fig. 1). Chromatographyv on DEAE-cellulose was
therefore carried out and the pattern is shown in Fig. 2. The
major fraction, which emerged unretarded from the column,
was homogeneous in disc electrophoresis (Fig. 1). Determina-
tion of its molecular weight on calibrated Sephadex columns
gave a value of 22,500. In SDS electrophoresis, it gave a
molecular weight of 23,000. After reduction of the disulfides
and S-alkylation of the resultant thiol groups, component 3
was still electrophoretically homogeneous and in SDS electro-
phoresis showed no change in its molecular weight. This
indicated that component 3 comprised a single continuous
polypeptide chain which was cross-linked by disulfides. The
fragment had no free thiol groups. Amino acid analysis of the
fragment (Table II) showed it to correspond to positions
377-571 of albumin. In the sequence of albumin (16) positions
400, 401, and 402 have not been identified. Therefore the
theoretical composition lacks three unknown residues. In our
composition (Table II) there seemed to be an additional
residue each of aspartic acid, lysine, and histidine. The molec-
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Fic. 3. Gel filtration pattern of a 60° tryptic hydrolysate (15 min).
The hydrolysate (0.5 g) was applied onto a column (2.7 x 80 c¢cm) of

Sephadex G-100 which was eluted with 0.01 m NH,HCOQ,. Fractions
(7.5 ml each) were read at 280 nm.

ular weight of the fragment, calculated from its amino acid
composition by assuming these three additional residues, was
22,145, Sequence determination of the first 20 residues showed
them to correspond to positions 377-396 of the protein (Fig. 4).
Carboxypeptidase A had no action on the fragment, whereas
carboxypeptidase B yielded only lysine, which was identified
by peptide mapping of the digest. From the results of amino
acid analysis, sequence determination and behavior with the
two carboxypeptidases the fragment corresponded with excel-
lent agreement to positions 377-571 of albumin.

Immunochemistry of Fragment 377-571—In quantitative
precipitin analysis, the fragment failed to give an immune
precipitate with antisera to albumin when tested over a wide
range of peptide concentration. However, peptide 377-571
inhibited the reaction of albumin with its antisera. The
inhibitory activity of the peptide was 91.5 + 1.5% towards the
reaction of albumin with the IgG fraction of the antisera (Fig.
5). The IgG fraction, as mentioned earlier, accounted for 96% of
the total antibody activity of the whole antiserum. The molar
excess of peptide required to achieve half the maximum
inhibition was 11. After reduction at the disulfides followed by
S-alkylation the peptide had no inhibitory activity, even at
several hundred fold-molar excess of peptide relative to
albumin. Since at this level of broad delineation of antigenic
structure variability should not be expected (17), antisera from
three rabbits were mixed for the purpose of quick screening.
Differences will appear at the stage of final delineation (18, 19)
and when the investigation approaches that stage, antisera
should not be mixed (6).

Binding of Antibody by Peptide-Immunoabsorbent—The
results of binding studies with immunoabsorbents are summa-
rized in Table III. The albumin-immunoabsorbent absorbed
out quantitatively all the antibodies in the IgG fraction. With
the Sepharose-peptide conjugate, the first column bound 62%
of the total antibody. Residual antibody to peptide 377-571
was removed by subsequent passage of effluent fractions
through a series of peptide-immunoabsorbent columns. The
amount of antibody removed by peptide-immunoabsorbent
leveled off in three absorption experiments at 89% of total
antibody in the IgG fraction. The total amount of bound
antibody which was elutable by 5 M guanidine hydrochloride
was 95%. These results are in excellent agreement with the
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value of 90 to 93% for the maximum inhibitory activity of
peptide 377-571 in solution.

Antibody Binding to Peptide-Fluorescein Derivative—The
fluorescein derivative of peptide 377-571 had a fluorescein/
peptide ratio of 0.65, and a fluorescence intensity of 51,500
units/mg. The peptide derivative retained its full inhibitory
activity. After mixing of this derivative with antibody solution,
fluorescence eluted with the antibody peak on gel filtration
(Fig. 6). The amount of fluorescein derivative bound to
different amounts of anti-albumin antibody is shown in Table
IV, together with antibody/peptide molar ratio. Experiments
were carried out at different concentrations of peptide and

TapLe 1T

Amino acid composition of fraction 3 of the tryptic hydrolysate®

Fraction 3 (from gel filtration, see Fig. 2A4) was further purified to
homogeneity by ion exchange chromatography (Fig. 2B). Compositions
are expressed in moles of amino acid per mole of peptide. Values were
obtained from 24 replicate analyses. Cystine was determined as cysteic
acid and as S-carboxymethylcysteine. Tryptophan was determined
from four replicate analyses with p-toluenesulfonic acid. Threonine
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antibody, but in the region of peptide excess. It can be seen in
Table IV that 2 mol of antibody were bound/mol of peptide.
Similar results were obtained when either purified specific
antibody to albumin or the IgG fraction of the antiserum was
employed. In the latter case, results were calculated on the
basis of the specific antibody content in the IgG fraction as
determined by quantitative precipitin analysis.

DISCUSSION

Fragmentation of bovine serum by trypsin at 40° released
mainly the COOH-terminal peptide 377-571 and a lower
(about 8000) molecular weight peptide and the rest of the
molecule was extensively degraded. On the other hand, in
tryptic hydrolysis at 60° the amount of peptide 377-571 was
considerably decreased and, in addition to more undigested
albumin, smaller molecular weight fragments were mainly
produced. Recently, milder (at 25°) digestion of albumin in
solution at pH 8.15 with a much smaller amount of trypsin
(1 mg/g of albumin) was reported (20) to give two fragments of
molecular weights 39,000 and 9,000. Tryptic hydrolysis of

and serine have been obtained by extrapolation to zero hydrolysis time. 100
For details, see text. - . . o
=3 - -
; ; Calculated® for E
Amino acid positions 377-571 Found 2 ol
z
Aspartic acid 15 16.2 o B
Threonine 17 17.0 z o 7
Serine 8 7.95 & 20} i
Glutamic acid 26 25.8
Proline 12 11.6 o i i 'l A 1 A .y d i A 1 L 1
20 40 60 80 100 180
Glycine 4 415 1o
Alanine 11 10.9 MOLAR RATIO (PEPTIDE/ BSA)
¥ Cystine 12 12.0 Fic. 5. Inhibition of the precipitin reaction of native bovine serum
: precip ;
Valine 17 16.3 albumin (BSA) with the IgG fraction of its homologous antiserum by
Methionine 2 1.56 fragment 377-571. The IgG fraction accounted for 96% of the total
Isoleucine 5 4.96 antibody activity in the antiserum.
Leucine 19 18.5
Tyrosine 4 3.86 TasLe III
Phenylalanine 8 7.76 Absorption of anti-albumin antibodies by albumin-immunoabsorbent
Tryptophan 0 0 or by immunoabsorbent carrying fragment 377-571
Lysine 20 20.6 5 p "
setids rotein or peptide mount : -
HlSFl(%lne 4 4.82 pagieteuy Nlo. of antibody Amouglt anglbody Amoulnt a(li’latlk)()dy
Arginine 8 7.93 absorbent column |, b plied? oun eluted®
o %
Total No.* residues 195 . e e " e i
Mra 22’145 Albumm 1 1.1 1.1 100 1.13 103
%N 16.37 Peptide 377-571 1 1.030 0.64 62.1 0.67 65.1
- - — 2 0.15 14.6| 0.18 17.5
¢The calculated values lack three .upkniown residues since positions 3 0.13 1261 0.13 12.6
400, 401, and 402 have not been identified in the sequence (16). For the 4 0 0 0 0
c?lculatiqn of the molecular weigh.t an(.i nitr?gen conte.nt., ?he afidi- Total 0.92 89.3| 0.98 95.2
tional residues were taken as aspartic acid, lysine, and histidine, since
in our composition the content of each of these amino acids had one ¢Determined by quantitative precipitin reaction.
additional residue. * Eluted with 5 M guanidine HCI, pH 8.5.
FOUND SEQUENCE
Cycle No.: 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20
Residue: His Leu Val Asp Glu Pro Glu Asn Leu Leu - - - - Asp - Phe Glu - Leu
or or
Asn Ile
EXPECTED SEQUENCE
377 380 390 396
For 377-396: His-Leu-Val-Asp-Gly-Pro-Gln-Asn-Leu-Ile-Lys~Glx-Asx-Cys~Asx-Glx-Phe-Glu-Lys-Leu
F16. 4. Amino acid sequence of the first 20 residues of fragment 377-571. The expected sequence is that from Brown (16). —— indicates that

the residue could not be identified.
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F1c. 6. Elution pattern of a mixture of the IgG fraction of anti-
albumin and the fluorescent derivative of fragment 377-571 on
Sephadex G-100 (1.5 x 86 c¢cm). Fractions (3.3 ml) were monitored for
absorbance at 280 nm (@), and for fluorescence at 520 nm (O).

TasLe IV
Binding of fluorescein-peptide derivative with anti-albumin antibody
Antibody/
. R . |Fluorescence i
An;:{gg:g:?m Fl;gxr)et?gzm- in antibody | Peptide bound p;;z)tl;dre
i peak ratio
mg umol mg mg pmol
I. Antibody in IgG fraction®
1.035 |0.00647| 0.385 3704 0.072 | 0.0032 2.02
1.035 [0.00647 0.385 4192 0.0814| 0.0036 1.80
0.517 |0.00323|  0.900 1870 0.0363 | 0.0016 2.02
II. Pure antibody from immunoabsorbent
0.40 |0.0025 0.20 1380 0.0268 | 0.00120 2.08
0.40 |0.0025 0.40 1555 0.0302 1 0.00134 1.87
0.40 |0.0025 0.60 1488 0.0290 | 0.00129 1.94
0.40 |0.0025 0.80 1453 0.0282 | 0.00125 2.00

e Determined by quantitative precipitin analysis.

albumin coupled to palmityl-aminoethylaminoagarose gave
two fragments of molecular weights 23,000 and 9,000 (20). The
23,000-dalton fragment corresponded to positions 377-581 (20).
By contrast, tryptic hydrolysis of citraconylated albumin at
arginine peptide bonds yielded an NH,-terminal fragment
{11-193), with extensive digestion of the COOH-terminal part
of the molecule (1). The pathways of tryptic hydrolysis indicate
different regions of susceptibility under various conditions of
hydrolysis.

The fragment 377-571 studied here differs somewhat from
that of Peters and Feldhoff (sequence 377-581, Ref. 20). It is
also noteworthy that our fragmentation procedure is simpler
since it is performed directly on the native protein in solution
and does not require the preparation of an affinity column.
Furthermore, the recovery of the fragment (which is 21 to 24%
of the total weight) corresponds to 64 to 73% of the possible
theoretical vield. Peters and Feldhoff (20) performed no biolog-
ical or immunochemical studies on fragment 377-581 and,
therefore, its immunochemical behavior cannot be compared
directly with our shorter fragment 377-571. However, the two
fragments should be expected to have identical immunochemi-
cal properties.

Although a large (about 30) molar excess of the peptide

Antigenic Structure of Serum Albumin

relative to albumin was seemingly required to achieve max-
imum inhibition, the peptide possessed in fact a high binding
efficiency as indicated from the small molar excess required to
achieve 50% of the maximum inhibition. This is several times
smaller than the excess required of even intact whole antigenic-
reactive regions of myoglobin in inhibition of their homologous
immune system (18, 19, 21-23). The efficiency of the present
peptide is similar to that shown by disulfide-containing
antigenic reactive sites of lysozyme (2, 24-26). Accordingly, by
comparison with other systems, the molar excess required of
the present peptide to achieve maximum inhibition is quite
low. We had previously shown (15) that a large molar excess of
an inhibitory peptide is necessary because of conformational
factors. Since the immune response to native protein antigens
is directed against their native three-dimensional structure
(27), for proper binding with antibody, an antigenic reactive
site must assume a mode of folding which approximates the
one it had in the native protein (15, 28-30). The probability of
finding such a conformational state will improve with increase
in peptide concentration (15). The high efficiency of the
present peptide is due to the disulfides which prevent complete
unfolding. In fact rupture of the disulfides resulted in complete
loss of the inhibitory activity, indicating their importance in
bringing the parts of the antigenic site(s) in the conformational
proximity necessary for binding with antibody.

The high inhibitory activity of fragment 377-571 is in
excellent quantitative agreement with its behavior in
immunoabsorbent studies. Immunoabsorbent studies, unlike
the inhibition studies, would also account for any antibodies
that may form soluble complexes with the intact antigen. It is
significant, therefore, that the amount of total antibody
removed by the peptide was equivalent to the peptide’s
inhibitory activity. However, a single immunoabsorbent did
not remove all the albumin antibody, but removal of the latter
leveled off at 89 to 95% in three immunoabsorbent experi-
ments. This may have been mostly caused by a decrease in the
binding efficiency of the peptide due to its covalent modifica-
tion and conformational change in the process of cross-linking
onto the Sepharose.

The present fluorescent binding studies, which showed that
peptide 377-571 was able to bind with 2 mol of antibody
molecules, do not reveal whether the peptide carried two
antigenic sites or four antigenic sites. However, it is more likely
that only two antigenic sites are present. With these antisera, 6
antibody molecules were bound/mol of albumin by extrapola-
tion to zero antigen concentration. Clearly, this peptide which
comprises a third of the parent protein would also be expected
to carry a third (i.e. two) of its total sites. Furthermore, it is
sterically very difficult for a single antibody molecule to bind
with two sites on the same peptide antigen. Therefore, the
binding sites of the antibody will be filled by two different
peptide molecules and the presence of four antigenic sites
would favor the formation of an immune precipitate, which is
not the case.

The immunochemical reactivity of peptide 377-571 can be
seen in proper perspective when it is compared to the reported
behavior of other albumin fragments. Fragments from human
serum albumin, isolated from prolonged chymotryptic hydroly-
sates, react only partially with antisera to human serum
albumin (31, 32). Furthermore, the recovery of these fragments
is extremely low (0.038 to 0.3% of the starting material).
Another human serum albumin fragment, prepared (33-35)
from cathepsin digests, had a molecular weight of 11,000 and
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inhibits the homologous immune reaction only 15 to 40%. The
present peptide, which was obtained in high yield, possesses a
remarkably high immunochemical reactivity accounting virtu-
ally for all (89 to 95%) of the antigenic reactivity of the native
protein.

Recently we reported (1) the preparation and immunochem-
istry of another fragment from an entirely different part of the
molecule (i.e. positions 11 to 193, less Arg 144) which also
accounted for almost all (89%) of the antigenic reactivity of
albumin. The fact that two fragments, one comprising the first
third and the other the last third of the protein molecule, can
each by itself account for the entire antigenic reactivity is
unique in protein immunochemistry and was entirely unex-
pected. The structure of albumin has been suggested (16) to
comprise three repeating units or domains. It is not yet possible
to determine if this suggested structural repetition can ration-
alize the immunochemical findings, since the antigenic sites
may be made up of residues that are distant in sequence but
close in three-dimensional structure (25, 26, 36). At any rate, as
we have previously suggested (1), the immunochemical results
can only be explained by the concept that albumin carries
repeating and immunochemically identical antigenic reactive
sites. Further understanding of this somewhat strange phe-
nomenon will require the elucidation of the total antigenic
structure, and work is now being carried out in our laboratories
towards this goal.

Acknowledgments—We would like to thank Dr. James R.
Brown for making available to us the primary structure of
albumin prior to its appearance in print. The expert assistance
of Margaret Litowich, Laura Massey, and Adora Ocak is
gratefully acknowledged.

REFERENCES

1. Atassi, M. Z., Habeeb, A. F. S. A., and Lee, C.-L. (1976)
Immunochemistry 13, 547-555

2. Atassi, M. Z., Habeeb, A. F. S. A, and Ando, K. (1973) Biochim.
Biophys. Acta 303, 203-209

3. Habeeb, A. F. S. A., and Atassi, M. Z. (1970) Biochemistry 9,
4939-4944

4. Habeeb, A. F. S. A,, Atassi, M. Z., and Lee, C.-L. (1974) Biochim.

4621

Biophys. Acta 342, 389-395

. Atassi, M. Z. (1972) in Specific Receptors of Antibodies, Antigens

and Cells, 3rd, International Convocation on Immunology pp.
118-135, Karger, Basel

. Atassi, M. Z. (1975) Immunochemistry 12, 423-438
. Rhodes, M. B., Hill, R. M., and Feeney, R. E. (1957) Anal. Chem.

29, 376-378

. Ellman, G. L. (1959) Arch. Biochem. Biophys. 82, 70-77

. Habeeb, A, F. S. A. (1966) Biochim. Biophys. Acta 115, 440-454
. Liu, T. Y., and Chang, Y. H. (1971) J. Biol. Chem. 246, 2842-2848

. Atassi, M. Z., Perlstein, M. T., and Habeeb, A. F. S. A. (1971) J.

Biol. Chem. 246, 3291-3296

. Pisano, J. J., Bronzert, T. J., and Brewer, H. B., Jr. (1972) Anal.

Biochem. 45, 43-59

. Yamada, S., and Itano, H. A. (1966) Biochim. Biophys. Acta 130,

538-540

. Habeeb, A. F. S. A. (1967) J. Immunol. 99, 1264-1276

. Atassi, M. Z., and Saplin, B. J. (1968) Biochemistry 7, 688-698

. Brown, J. R. (1975) Fed. Proc. 34, 2105 Abstr.

. Perlstein, M. T., and Atassi, M. Z. (1974) Immunochemistry 11,

63-70

. Koketsu, J., and Atassi, M. Z. (1974) Immunochemistry 11, 1-8
. Koketsu, J., and Atassi, M. Z. (1974) Biochim. Biophys. Acta 342,

21-29

. Peters, T., Jr., and Feldhoff, R. C. (1975) Biochemistry 14,

3384-3391

. Koketsu, J., and Atassi, M. Z. (1973) Biochim. Biophys. Acta 328,

289-302

. Pai, R.-C, and Atassi, M. Z. (1975) Immunochemistry 12, 285-290
. Atassi, M. Z., and Pai, R.-C. (1975) Immunochemistry 12, 735-740
. Lee, C.-L., and Atassi, M. Z. (1975) Biochim. Biophys. Acta 405,

464-474

. Atassi, M. Z., Lee, C.-L., and Habeeb, A. F. S. A. (1976)

Immunochemistry 13, 7-14

. Atassi, M. Z., Koketsu, J., and Habeeb, A. F. S. A. (1976)

Biochim. Biophys. Acta 420, 358-375

. Atassi, M. Z., and Thomas, A. V. (1969) Biochemistry 8, 3385-3394
. Atassi, M. Z. (1967) Biochem. J. 103, 29-35

. Atassi, M. Z. (1970) Biochim. Biophys. Acta 221, 612-622

. Habeeb, A. F. S. A., and Atassi, M. Z. (1971) Biochim. Biophys.

Acta 236, 131-141

. Porter, R. R. (1957) Biochem. J. 66, 677-686

. Press, E. M., and Porter, R. R. (1962) Biochem. J. 83, 172-180

. Webb, T., and Lapresle, C. (1964) Biochem. J. 91, 24-31

. Lapresle, C., and Webb, T. (1964) Bull. Soc. Chim. Biol. 46,

1701-1710

. Lapresle, C., and Webb, T. (1965) Biochem. J. 95, 245-251
. Atassi, M. Z., Lee, C.-L., and Pai, R.-C. (1976) Biochim. Biophys.

Acta 427, 745-751

Downloaded from http://www.jbc.org/ at BIBLIOTECA AREA BIOMEDICA on August 28, 2013


http://www.jbc.org/

