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ABSTRACT: Two fragments of bovine serum albumin (BSA), 
prepared by limited peptic digestion, have been shown to form 
a 1 : 1 complex which demonstrates several properties of BSA 
not observed for either fragment alone. The two fragments are 
composed of residues 1-306 and 307-58 1 of BSA. T. P. King 
(( 1973), Arch. Biochem. Biophys. 156, 509) showed that an 
equimolar mixture of these fragments had a higher capacity 
for binding octanoate than would be expected based on the sum 
of the individual binding capacities. We  have found that the 
equimolar complex migrates as a BSA-like band during thin- 
layer gel filtration on Sephadex G-100 and upon electropho- 
resis on cellulose acetate. From the electrophoretic results the 
association constant for complex formation a t  2 2  OC is esti- 
mated to be 1.5 X 10' M-I at  pH 8.6 and 7.4 X 10' M-* at pH 
7.4. The binding of tryptophan and 8-anilino-1-naphtha- 
lenesulfonate by the 1 : 1 complex is enhanced by a factor of two 

F r a g m e n t s  of bovine serum albumin (BSA)' obtained from 
limited proteolysis have been shown to retain many of the 
structural and functional characteristics of the parent molecule 
(Reed et al., 1975). Among the fragments which have been 
isolated and characterized, BSA-P-( 1-306)2 and BSA-P- 
(307-58 1) are of particular interest for complementation 
studies since together they constitute the entire amino acid 
sequence of BSA. Isolation of these fragments was first re- 
ported by King (1 973), who noted that an equimolar mixture 
of the fragments had a higher capacity for binding octanoate 
than would be expected based on the binding capacity of either 
fragment alone. H e  suggested that the enhanced binding re- 
sulted from formation of a complex of the fragments. Addi- 
tioiial evidence for complex formation has been cited by Taylor 
and Vatz ( 1  973), who reported that the catalytic activity of 

+ From The  hlarq Iniogene Barwtt Hospital (affiliated with Columbia 
Cniversityj. Cooperstown, New York 13326. KeeeicedJune 23, 1976. This 
work was supported by United States Public Health Service Research 
Grant HL.-0?75 1 and the Stephen C .  Clark Research Fund of The V a r )  
Imogene Bahsett Hospital. 

1 Present address: Department of Biological Chemistry, The Milton S. 
tlershey Medical Center, Hershel, Pennsllvania 17033. 

' Abbreviations used Are: RSA. bovine serum albumin: Ans, %ani- 
line- 1 -naphthaleneaulfonate: SD. standard deviation; CM, carboxymethyl: 
D E A E ,  diethylaminoethyl. 

The peptide fragment5 of BSA have been designed by an adaptation 
o f  thc rules of the Commission on Biochemical Nomenclature (IUPAC- 
I UB Commission on Biochemical Nomenclature ( I  967). J .  Biol. Chrm . 
,742. 5 5 5 ~  5 5 7 ) .  The prototype is "tri\ial name ( x - p ) "  where trivial name 
denotes the origin of the peptide and x and y the "2- and COOH-ter- 
minal amino acid residues, respectively. BSA-P-( 1-306) and BSA-P- 
(307-58 I )  represent fragments of BSA which are composed of 306 and 
175 residues. respectively. These Fragments were designated B and A b) 
King (T.  P. King, 1973) and P-B and P-A by Feldhoff and Peters (1975). 
The "P" between the trivial name and the residue numbers indicates that 
the fragments were isolated from a digestion of BSA with pepsin. The 
complex formed from the t h o  fragments has been designated BSA-P'. 

over that predicted from the sum of the binding affinities of 
the individual fragments. In contrast, binding of palmitate and 
bilirubin by the complex is comparable only to the simple sum 
of binding by the individual fragments. On double immuno- 
diffusion with antiserum to BSA, the equimolar complex reacts 
as effectively as does BSA, whereas each fragment demon- 
strates only a partial identity with BSA. These results are 
consistent with the characterization of albumin as a protein 
composed of several domains, with each fragment retaining 
an intact domain and another domain being regenerated in the 
complex. Precipitin curves with anti-BSA suggest that the 
amino-terminal fragment, 1-306, is primarily i n  a configu- 
ration different from its configuration in the parent molecule, 
but that it tends to assume the native configuration when it is 
allowed to interact with the complementary fragment 307- 
581. 

BSA in the decomposition of the Meisenheimer complex is not 
observed for either fragment alone but is restored when the 
fragments are mixed in an equimolar ratio. 

In the present work, electrophoretic, immunological, gel 
filtration, and ligand-binding properties of the fragments, alone 
and in combination, demonstrate the existence of a 1 : 1 com- 
plex, designated BSA-PI2, which possesses some properties of 
albumin not present in either fragment alone. This represents 
a continuation of our studies on the purification and properties 
of proteolytic fragments of bovine serum albumin (Reed et al., 
1975; Feldhoff and Peters, 1975; Peters and Feldhoff, 1975). 
There has been a preliminary report on some of this work 
(Feldhoff et al., 1975). 

Experimental Section 
Materiuls. Bovine serum albumin was crystalline bovine 

plasma albumin from Armour Pharmaceutical Co., Kankakee, 
111. For immunological studies, the sulfhydryl group of BSA 
was blocked with half-cystine by addition of a solution of I - 
cystine, 5 mol/mol of albumin, which had been dissolved in a 
minimum of 0.1 N NaOH, to a 2%, w/v, solution of BSA. The 
pH of the albumin solution was maintained between 7.0 and 
7.5. After 5 h a t  22 "C the solution was desalted in a mixed bed 
resin (Rexyn-1-300, Fisher Scientific Co.). Less than 0.0 I 
moljmol of free sulfhydryl was detectable by reaction with 
5,5'-dithiobis(2-nitrobenzoic acid) at  pH 8.0 (Janatova et al., 
1968). Fragments BSA-P-(1-306) and BSA-P-(307-581) were 
prepared from a 20-min peptic digest of half-cystinyl BSA in 
the presence of octanoic acid at  pH 3.7 and 25 OC. The puri- 
fication scheme included gel filtration at  pH 3.7 on Sephadex 
G- 1 SO followed by ion-exchange chromatography on CM- 
cellulose and DEAE-cellulose. Details of the preparation and 
purification have been described previously (Feldhoff and 
Peters, 1975). 
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Rabbit antibovine albumin was prepared by injecting bovine 
albumin, precipitated with alum, into four adult female rabbits. 
In the first week I .25 mg was injected subcutaneously, then 
at days 3.4, and 5 the same dose was given intravenously; in 
the second week the injections were repeated using 2.5 mg per 
injection; the third week 5 mg was used per injection. The 
animals were bled by cardiac puncture at the end of the fourth 
week. The pooled antisera precipitated 1.0 mg of bovine al- 
bumin per ml of antiserum a t  equivalence. 

Goat antibovine albumin was prepared by injecting 10 mg 
of bovine albumin in Freund's complete adjuvant into an adult 
goat. This preparation was conducted a t  the Animal Farm of 
the National Institutes of Health. After 3 and 6 weeks I O  mg 
of bovine albumin in Freund's complete adjuvant was injected. 
The animal was bled at week 7 and exsanguinated at week 11. 
The serum precipitated 0.5 mg of bovine albumin per ml of 
antiserum a t  equivalence. 

Mefhods. Double immunodiffusion was carried out in 1% 
agar in 0.1 M NaCI-0.02 M sodium phosphate buffer at pH 
7.4 containing 0.1 mg/ml sodium azide as a preservative. The 
center well contained I O  pi of antiserum and the outer wells 
contained 2 NI of a I mg/ml solution of protein. After 48 h a t  
22 OC, the agar slides were dried a t  37 'C and stained with 
0.5% Ponceau S in 5% trichloroacetic acid-5% sulfosalicylic 
acid. 

Precipitin reactions were studied by adding 75 pl of clear 
antiserum to desired aliquots of antigen in 125 ~l of the above 
phosphate-buffered saline in 1.5-ml polystyrene centrifuge 
tubes (Fisher No. 4-989-145). The tubes were mixed on a 
Vortex mixer and allowed to sit for 2 h a t  37 'C and then for 
16 h at 3 OC. The tubes were then centrifuged for 5 min at 
600g. and the precipitates were washed three times with 200 
pl of buffered saline with recentrifugation. The precipitates 
were dissolved in I .O ml of 0.05 N NaOH and protein assayed 
by an automated modification of the method of Lowry et al. 
(1951), which used a Technicon AutoAnalyzer. The standard 
was bovine serum albumin, the concentration of which was 
established by the factor, AZ~Onmlrnglm' = 0.661. 

Bilirubin binding was determined by kinetic assay using a 
peroxide-peroxidase system to oxidize the unbound bilirubin 
(Jacobsen and Wennberg, 1974). Palmitate binding was 
evaluated by partitim of unbound palmitate between heptane 
and the aqueous phase as described by Spector et al. (1969). 
The binding of Ans was detected by the increase in its fluo- 
rescence in the presence of peptide or protein. The details of 
these procedures have been described (Reed et al., 1975). 
Tryptophan binding was determined by equilibrium dialysis. 
Protein (0.1 mM) and L-tryptophan (0.05-3 mM), each in 0.1 
M NaCI-0.02 M sodium phosphate buffer a t  pH 7.4, were 
placed in opposing I-ml compartments of an acrylic plastic 
dialysis cell. To each compartment containing tryptophan was 
added 0.1 pCi of ~- [G-~H]t ryptophan  (Amersham/Searle) 
of specific activity 9.7 Ci/mmol. After equilibration at 37 "C 
for 24 h, the [3H]-tryptophan content of each compartment 
was determined by scintillation counting. Data were plotted 
according to the method of Scatchard (1949). The binding 
capacity was estimated from the y-axis intercept of a curve 
based on a series of successive equilibria (Spector et al., 
1971). 

Electrophoresis on cellulose acetate (Millipore Corp., 
Bedford, Mass., or Helena Laboratories, Beaumont, Texas) 
was performed a t  22 'C either a t  pH 8.6 in sodium barbital 
buffer, p = 0.075, a t  pH 7.4 in 0.04 M sodium phosphate 
buffer, or a t  pH 5 in 0.048 M pyridine-0.05 M acetic acid. 
Peptides were stained with 0.5% Ponceau S in 5% trichloro- 
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FIGURE 1: Electrophoresis on cellulase acetate demonstrating dissoeiatian 
of BSA-P'with decreasing pH. The direction of migration is shown by the 
arrow as being toward the anode (+) or cathcde (-). Experimental details 
are described under Methods 

acetic acid-5% sulfosalicylic acid. Relative band densities were 
determined using a Helena Autoscanner. 

Thin-layer gel filtration followed the procedure of Andrews 
(1970), using Ultrafine Sephadex G-100 in 0.1 M NaCI-0.02 
M sodium phosphate buffer of pH 7.4 at 22 OC. Running time 
was 4 h. Paper imprints were heated a t  I I O  OC for 5 min and 
stained with 2% Light Green SF Yellowish (Matheson Cole- 
man and Bell) in 8% sulfosalicylic acid. 

Results 
Electrophoresis. Electrophoresis of an equimolar mixture 

of BSA-P-(1-306) and BSA-P-(307-581) produced a major 
band at the position of BSA and minor bands at the positions 
of the two fragments (Figure I) .  Both fragments migrated to 
positions less anodic than that of BSA or thecomplex BSA-P'. 
At pH 7.4, the electrophoretic pattern was similar to that at 
pH 8.6 except that the complex was appreciably more disso- 
ciated. At pH 5 the migration pattern was that of two nonin- 
teracting fragments. Dissociation could also be effected with 
increasing urea concentration a t  pH 8.6, with complete dis- 
sociation occurring in 4 M urea. 

At pH 8.6, approximately 20% of each of the fragments 
migrated to the position of the free fragment and 80% to the 
position of BSA. At pH 7.4,60% migrated as free fragment 
and 40% as BSA. The equilibrium concentrations of the three 
components were calculated from the concentration of the 
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FIGURE 2: Thin-layer gel filtration on Sephadex G-100. The direction 
of migration is shown by the arrow. Experimental details are described 
under Methods. 

BSA BSA-P-(l- 30Sl 

BSA-P;/? BSA 

B S A - P '  

FIGURE 3: Double immunodiffusion demonstrating the relative an- 
tigenicities of BSA and fragments. The cenler well contained rabbit an- 
tiserum to BSA. The outer well designated BSA-P'/Z contained I pg of 
protein; all others contained 2 p g .  

initial application (20 mg/ml) and the relative areas of the 
three bands upon integration. The magnitude of the association 
constant was estimated using the following equation: 

[BSA-P'] 
[BSA-P-( I -306)] [BSA-P-(307-581)] 

K .  = 

At pH 8.6 (22 "C),  K ,  was determined to be 1.5 X I O s  M-I; 
a t  pH 7.4 (22 "C),  it was 7.4 X IO3 M-'. These association 
constants are similar in magnitude to the value 6.3 X IO5 M-' 
reported for the association of two tryptic fragments of 
staphylococcal nuclease determined by fluorescence techniques 
(Light et al., 1974). They correspond to free energies of for- 
mation, AG, of -7.0 and -5.3 kcalfmol, respectively. 

Gel Filtration. The size of the complex was estimated by 
comparison with BSA and each of the fragments on thin-layer 
gel filtration (Figure 2). BSA-P' was found to migrate the same 
distance as BSA, reflecting a complex composed of one mol- 
ecule of BSA-P-(1-306) and one of BSA-P-(307-581). 

Immunoassay. The immunodiffusion experiment shown in 
Figure 3 was carried out by the Ouchterlony technique using 
rabbit antiserum to BSA. Single spurs between BSA and each 

&NTIGEN. pq 

FIGURE 4 Precipitin curves of (0 )  BSA. (0) BSA-P', (A)  BSA-P-( I .  
306) and (A)  BSA-P-(307-581) with goat antiserum to BSA. Thecurve 
for BSA-P-(1-306) shows a decrease in precipitate formatian when the 
antigen level exceeds 500 pg. Similar rcsulls were observed with rabbit 
antiBSA 

fragment indicate the absence of some antigenic sites of BSA 
in each fragment. The smooth fusion between BSA and 
BSA-F" indicates that the complex contains all of the precipitin 
sites found in BSA. Similar results were observed with goat 
antiserum to BSA. 

Precipitin behavior of each fragment with anti-BSA is 
markedly different from the behavior of BSA itself (Figure 4). 
BSA-P-(307-581) exhibits a classic precipitin curve which rises 
to a maximum a t  a relatively low antigen concentration and 
falls in the zone of antigen excess. This curve is lower and 
sharper than that for BSA, even when compared on a molar 
rather than a weight basis. On the other hand, BSA-P-( 1-306) 
requires a relatively large antigen concentration to reach 
maximum precipitate formation and shows little decrease in 
the zone of antigen excess. The precipitin curve of BSA-P' 
resembles that of BSA, showing the classic precipitin shape 
and maximum precipitate formation in the same range of an- 
tigen concentration. 

LigandBinding. Ligand binding properties of BSA-P' and 
the individual fragments arecompared with BSA in Table 1. 
The binding capacity of BSA is defined as 100%; binding by 
the fragments and BSA-P' is reported as a percentage of the 
capacity of BSA. Comparison of BSA-P' (Table I. line 5 )  with 
the fragment total (Table I, line 4) indicates that the complex 
has approximately twice the affinity for L-tryptophan and Ans 
as the sum of its component fragments. The data of King 
(1973) for octanoate binding are listed for comparison and 
show a similar effect. 

Titration of BSA-P-( 1-306) with BSA-P-(307-581), mon- 
itored by Ans fluorescence, is shown in Figure 5 .  The observed 
fluorescence increased more rapidly than predicted by simple 
additivity until an equimolar amount of BSA-P-(307-581) had 
been added to BSA-P-(1-306). Addition of more than equi- 
molar amounts of BSA-P-(307-581) resulted in a fluorescence 
increase directly proportional to the amount added, with no 
further enhanced fluorescence. The equivalence point for the 
titration occurred a t  a 1:l molar ratio of the two fragments. 

In contrast to the results with tryptophan, Ans and octa- 
noate, little or no enhancement was seen for the more tightly 
bound ligands, palmitate and bilirubin (Table I, last two col- 
umns). Binding of palmitate by individual fragments totaled 
71% of the capacity of BSA based on the sum of the y-axis 
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T A B L E  I:  Relative Ligand Binding Properties of Albumin and Its 
Fragments. 

Relative Binding of 

Pal- 
L-Trypto- Octano- mitic Bili- 

phan“ Ansb  a teC Acidd rubin’  

BSA IO0 100 100 100 100 
BSA-P-(1-306) 1 1  f 5 2 6 f  3 0.03 2 0 f 4  275 f 25 
BSA-P-(307- 30 f 8 2 0 f  2 12.5 51 f 6 0.6 f 0 . 5  

581) 

total 
Fragment 41 f I 3  46  f 5 12.5 71 f I O  276 f 26 

BSA-P’ 8 3 f  I O  9 0 f 7  23.8 7 4 f 6  2 5 3 f 2 5  
Level of P <  P <  NS NS 

significance/ 0.001 0.001 

(’ Based on K ,  for a single site f SD. For BSA, K ,  is 2.2 X I O 3  M-’. 
’’ Relative fluorescence f S D  (Reed et  al., 1975). ‘ Based on associ- 
ation constants K I  reported by King (1973). For BSA, K I  is 1.6 X I O 5  
M-I. [‘ Based on the range of y-axis intercepts of Scatchard plots. For 
BSA, the intercept is 4.5 X I O 7  M-I (Reed et  al., 1975). Based on 
K , ,  for a single binding site f SD. For BSA, K ,  is 2.0 X IO7 M-’ (Reed 
et al., 1975). 1 Significance of the difference between the sum of in- 
dividual fragment binding and binding by BSA-P‘ using Student’s 
t-test. NS = not significant. 

intercepts of Scatchard plots. The complex showed a negligible 
increase to 74% of the capacity of BSA. A theoretical Scat- 
chard plot (not shown) for BSA-P‘ based on the sum of the two 
fragments diverges from the experimental binding curve for 
BSA-P‘ as f i  increases, with BSA-P’ binding more effectively 
than predicted, although not as well as BSA itself. Treatment 
of the binding data for BSA-P’ by assuming a series of stepwise 
equilibria, as described by Spector et al. (1971), gave results 
compatible with an additive effect for the three strongest 
palmitate binding sites, plus a regeneration of additional, 
weaker binding sites. 

The amino-terminal fragment BSA-P-( 1-306) demonstrated 
a strong bilirubin-binding site (Table I) which was unaffected 
by the presence of the complementary carboxy-terminal 
fragment. The latter demonstrated only negligible binding 
affinity for bilirubin. The nature of the binding of bilirubin by 
BSA-P-( 1 -306), including comment on the stronger binding 
by the fragment than the parent molecule, has been discussed 
in an earlier work (Reed et al., 1975). 

Discussion 
The association of two fragments of BSA to form a complex 

has been characterized by a variety of experimental techniques. 
The complex is composed of one fragment of BSA-P-(1-306) 
and one fragment of BSA-P-(307-581) as demonstrated by gel 
filtration and by fluorimetric titration. The gel filtration pat- 
tern in Figure 2 shows the 1:l complex to be about the same 
size as BSA. The maximum enhancement of Ans fluorescence 
occurred when the fragments were present in equal amounts- 
also indicative of a 1:l complex of the two fragments. 

The complex appears to be joined by many of the same 
noncovalent forces which determine the tertiary structure of 
BSA since the association of the fragments regenerates prop- 
erties which are characteristic of BSA. The free energy for 
association of the two fragments, -7.0 kcal/mol, based on the 
electrophoretic separation at  p H  8.6, is half of the 14 kcal/mol 
electrostatic free energy assigned to the initial unfolding of 
albumin with decreasing pH (Tanford, 1961). Although the 
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BSA-P-(307-581), nM 
FIGURE 5 :  Relative fluorescence of Ans. (0) Observed fluorescence for 
Ans in the presence of 1 r O  nM BSA-P-(1-306) and varying amounts of 
BSA-P-(307-581). ( 0 )  Observed fluorescence of Ans in the presence of 
varying amounts of BSA-P-(307-58 1 ) in the absence of its complementary 
fragment. The relative fluorescence of Ans in the presence of 140 nM 
BSA-P-( 1-306) was 1 1 .  The slope of the initial portion of the upper curve 
(0) is 0.135; the latter portion, 0.070. The slope for the lower curve ( 0 )  
is 0.066. The slopes were determined by linear regression and are reported 
in relative fluorescence units/nM BSA-P-(307-58 1 ). 

electrophoretic patterns do not represent a true equilibrium 
situation, the relative concentrations of the complex and 
fragments may be taken as a lower limit of the degree of as- 
sociation. Kinetic studies on the association of the fragments 
of staphylococcal nuclease indicate that association is a rela- 
tively slow process, with a half time on the order of 16 s (Light 
et al., 1974). Their dissociation would be expected to be con- 
siderably slower. If the association of the fragments of albumin 
occurs on a similar time scale, little displacement from equi- 
librium should occur during the 20-min period required for 
electrophoretic separation. 

It is noteworthy that each fragment has a lower net negative 
charge than BSA and migrates to a less anodic position than 
does BSA (Figure 1). Salaman and Williamson (1971) re- 
ported that the isoelectric point of BSA rose from 5 to 6 when 
6 M urea was included in their isoelectric focusing medium. 
They interpreted this finding as consistent with the exposure 
of seven basic groups which were “buried” in native BSA but 
exposed in urea-denatured BSA. Exposure of some of these 
same basic groups in the fragments may be responsible for the 
electrophoretic migration of the free fragments to positions less 
anodic than BSA. Since BSA-P’ migrates to the same position 
as BSA, such positively charged groups would also be “buried” 
in the complex. 

Immunologically, BSA-P’ behaves much like BSA. The 
Ouchterlony double diffusion pattern (Figure 3) shows a 
smooth transition between BSA and BSA-P’ indicating the 
presence of all precipitin sites of BSA in BSA-P’. The precipitin 
reaction of BSA-P’ with both goat and rabbit antisera to BSA 
demonstrated a dependence on antigen concentration resem- 
bling that of BSA (Figure 4). The fragments, on the other 
hand, reached maximum precipitate formation a t  antigen/ 
antibody ratios quite different from that for BSA or BSA-P’. 
Precipitin curves typically exhibit a shape similar to those of 
BSA, BSA-P‘, or BSA-P-(307-581) in Figure 4. The high 
antigen concentrations required for maximum precipitate 
formation and the failure of excess antigen to inhibit precipi- 
tation, as seen for BSA-P-( 1-306), have also been observed 
with peptide fragments of sperm whale myoglobin (Atassi and 
Singhal, 1970) and of human serum albumin (Lapresle and 
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Doyle, 1975). Sachs (1 974) has suggested that the late-forming 
plateau indicates that the antigenic fragment is not in its native 
conformation but may be induced into native form by the in- 
teraction of a single antigenic site with antibody. Other anti- 
genic sites on that fragment would then be more reactive 
toward antibody than would sites on free fragments. Conse- 
quently, excess free fragment would not be very effective in 
inhibiting precipitate formation. 

Extension of this interpretation to the data in Figure 4 would 
imply that the carboxy-terminal fragment, BSA-P-(307-58 l ) ,  
is in a conformation similar to that of the carboxy-terminal half 
of native BSA, whereas BSA-P-( 1-306) is not in the confor- 
mation of the amino-terminal half of native BSA. Although 
the circular dichroic spectrum of BSA-P-( 1-306) was indica- 
tive of retention of some secondary structure (Reed et al., 
1975), the unusually high affinity for bilirubin and the 
anomalous shift in the spectrum of bilirubin in the presence 
of this fragment lend support to the suggestion that this frag- 
ment is not in the native configuration. Another protein of 
comparable size, penicillinase (mol wt 28 880), has been re- 
ported to refold sequentially, regenerating the native circular 
dichroic spectrum a t  an intermediate stage in the process, 
before other properties of the native form have been regener- 
ated (Robson and Pain, 1976). Similarly, BSA-P-( 1-306) may 
be in an intermediate form which is neither a completely ran- 
dom peptide nor the native configuration. 

The classic precipitin behavior of the complex BSA-P’ 
suggests that BSA-P-( 1-306) assumes a conformation with 
antigenic sites characteristic of native BSA in the presence of 
its complementary fragment. Presumably the amino-terminal 
fragment is induced into native conformation by interaction 
of the carboxy-terminal fragment in much the same way as 
suggested by Sachs ( 1974) for induction of native structure 
by antibody interaction with a single antigenic site. 

Many of the ligand-binding properties of the individual 
fragments have been characterized in an earlier work (Reed 
et al., 1975). The principal sites of palmitate binding to BSA 
were assigned to specific regions of the molecule, with one 
strong site occurring in BSA-P-(1-306) and two in BSA-P- 
(307-581). The single strong binding site for bilirubin has been 
assigned to a region completely within BSA-P-( 1-306). Little 
enhancement of binding was observed for either of these li-  
gands to BSA-P’. In contrast, binding of Ans and tryptophan 
was considerably enhanced in the complex, suggesting that 
tryptophan and Ans are bound at  sites regenerated by the as- 
sociation of the fragments. Binding of tryptophan is thought 
to occur a t  the same principal site as medium-chain fatty 
acids-a site which is also believed to be a secondary binding 
site for long-chain fatty acids (King and Spencer, 1970; 
Cunningham et al., 1975). The enhancement of tryptophan 
binding, secondary palmitate binding, and octanoate binding 
in BSA-P‘ supports the suggestion of regeneration of such a 
common site. 

Albumin has been reported to be capable of binding as many 
as 15 Ans molecules, but only four of these contribute to the 
observed fluorescence (Kolb and Weber, 1975). These four 
Ans molecules are bound to four independent and equivalent 
binding sites on BSA. Kolb and Weber (1975) termed these 

four as “inner sites” and characterized them as being buried 
within hydrophobic regions of the protein, protected from 
quenching by isolation from solvent water molecules. The data 
in Table I would be consistent with one site residing entirely 
in BSA-P-(1-306), one site residing entirely in BSA-P- 
(307-581), and the other two sites being restored in BSA- 
P’. 

The evidence presented above illustrates the concept that 
BSA behaves as a multidomain protein. Each fragment 
maintains a certain integrity as evidenced by the presence of 
some antigenic and ligand-binding site (domains) of albumin 
in each individual fragment. Other sites are regenerated only 
when the two fragments are mixed and an additional domain 
is allowed to form through the noncovalent interactions of 
residues from each fragment. 
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