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A protein-protein complex from human serum was isolated and characterized as a two-component system, 
containing albumin and IgG in a 1:1 mole ratio. The observations reported here suggest that the 
albumin-IgG complex may have formed through intermolecular disulfide bonds between albumin and IgG. 
Immunoelectrophoretic analysis of papain-digested fragments of albumin-IgG complex revealed that the 
combining sites for albumin may be located in the hinge region between the Fab and the Fc fragments of 
IgG. 

Introduction 

Macromolecular complexes of albumin with im- 
munoglobulins and other proteins, particularly 
myeloma-IgA, Waldenstr6m-IgM, and Bence Jones 
proteins, have been demonstrated in human serum 
by many investigators [1-5]. These complexes ap- 
peared to be mainly due to the formation of 
disulfide bridges covalently binding the two pro- 
teins and were attributed to thiol-disulfide ex- 
change reaction [2-6]. 

A large molecular weight protein from normal 
human serum that inhibited interaction of blood 
platelets with non-biological materials was previ- 
ously isolated in our laboratory [7]. It was sub- 
sequently shown to be a naturally occurring com- 
plex of albumin with IgG [8]. Although complexes 
of albumin with nonimmune IgG in the normal 
human serum have not been described, a crystal- 
line antigen-antibody type of complex between a 
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monoclonal IgG and albumin has been recently 
reported [9]. 

The studies reported here were undertaken to 
determine whether IgG formed complexes with 
albumin in human serum through disulfide bonds 
or through noncovalent interactions, and to de- 
termine, if possible, the binding sites for albumin 
and IgG. 

Materials and Methods 

Collection and processing of blood. Blood from 
normal human donors of either sex, aged 20-40 
yr, who denied receiving medication of any type 
for at least 10 days preceding venipuncture, was 
drawn into plastic syringes without anticoagulant 
and processed as described earlier [7]. 

Albumin-IgG complex. The complex of albumin 
with nonimmune IgG, termed platelet adhesion 
inhibitor in earlier reports, was isolated from nor- 
mal human serum as described elsewhere [7], and 
is referred to as serum albumin-IgG complex. 

Protein determination. Protein estimation was 
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carried out either by Hartree's method [10] or by 
dry weight determination of the desalted prepara- 
tions. 

Polyacrylamide gel electrophoresis. Polyacryla- 
mide gel electrophoresis in 7.5 or 10% gels in the 
presence of SDS was performed as described [11]. 

Determination of molar ratios. Molar ratios of 
albumin and IgG in serum albumin-IgG complex 
were determined by densitometric quantitation of 
the area of the peaks obtained by scanning SDS- 
polyacrylamide gels (10%) stained with Coomassie 
brilliant blue R-250 at 550 nm using a Beckman 
UV 5260 Spectrophotometer equipped with a gel 
scanner. Desalted protein samples (serum al- 
bumin-IgG complex and human albumin and IgG 
as controls) were reduced with 2-mercaptoethanol 
in the presence of SDS in sealed glass ampules to 
avoid fluid loss due to evaporation on heating at 
100°C for 2 min. Standard curves for human 
albumin and IgG were constructed using varying 
amounts of proteins in electrophoresis. IgG or its 
heavy and light chains gave identical color yields, 
which were different from those given by albumin. 
Albumin monomer and dimer yielded identical 
color. For calculation of molar ratios, the molecu- 
lar weights of human albumin and heavy and light 
chains of human IgG used were 66 000, 50 000 and 
25 000, respectively. 

lmmunodiffusion and immunoelectrophoresis. Im- 
munodiffusion was carried out in 1% agarose gels 
in buffered NaC1 solution. Immunoelectrophoresis 
was performed in 1% agarose gels (10 × 8.5 × 0.2 
crn) for 4 h at 100 V at 10°C using barbi ta l /  
glycine/Tris buffer (sodium barbital, 6.5 g; 
barbital, 1.035 g; glycine, 28.1 g; and Tris 22.6 g 
per liter; pH 8.8). 

Amino acid composition. Desalted serum al- 
bumin-IgG complex was hydrolyzed in 6 N HC1 
for 24, 48 or 72 h in sealed evacuated tubes at 
l l0°C. Hydrolysates were analyzed using a Beck- 
man 120C analyzer, as described elsewhere [12]. 
Values for serine and threonine were obtained by 
extrapolation to zero time of hydrolysis. 

Papain digestion. Serum albumin-IgG complex, 
human albumin and human IgG were treated with 
mercuripapain as described by Harrison and Mage 
[13]. The enzyme-digested protiens were analyzed 
by immunoelectrophoresis and immunodiffusion. 

Materials. Human serum albumin (100% im- 

munological purity) was from Behring Diagnos- 
tics, Somerville, NJ. Purified human IgG (im- 
munologically homogeneous) was from Miles 
Laboratories, Inc., Elkhart, IN. The IgG fraction 
of rabbit antihuman albumin (antibody protein 5 
mg/ml),  rabbit antihuman IgG Fc (7-chain 
specific, antibody protein 2.8 mg/ml),  and goat 
antihuman IgG Fab (antibody protein 5.0 mg/ml)  
were from Cappel Laboratories, Inc., Cochranville, 
PA. Antibodies were monospecific by immuno- 
electrophoresis and double immunodiffusion tests. 
Mercuripapain (22 U/mg)  was obtained from Mil- 
lipore Corporation, Freehold, NJ. Sepharose-6B 
was from Pharmacia Fine Chemicals Inc., Piscata- 
way, N J, and agarose was from Bio-Rad Laborato- 
ries, Richmond, CA. 

Results 

Electrophoresis of serum albumin4gG complex 
Serum albumin-IgG complex did not migrate in 

polyacrylamide gels under non-reducing condi- 
tions during electrophoresis even in the presence 
of SDS. Under identical conditions, an antigen-an- 
tibody complex of albumin and antialbumin split 
into its constituent albumin and antialbumin IgG 
(Fig. 1). Similarly, treatment with 8 M urea at pH 

1 
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Fig. 1. Polyacrylamide gel electrophoresis in the presence of 
SDS (non-reducing conditions). 5 #g of rabbit lgG (gel 1), 10 
#g of an immune complex of rabbit antihuman albumin lgG 
and human albumin (gel 2), a mixture of 1 #g human albumin 
and 5 #g human IgG (gel 3), 1 /.tg of human albumin (gel 4), 5 
p.g of human IgG (gel 5), and 10 /~g of serum albumin-lgG 
complex (gel 6) were loaded on 7.5% gels. 
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Fig. 2. SDS-polyacrylamide gel electrophoresis in 7.5% gels of 
15/.tg of reduced serum albumin-lgG complex (gel 1), 10 p.g of 
reduced human albumin (gel 2) and 20/.tg of reduced human 
IgG (gel 3). H. and L represent heavy and light chains of IgG; 
D and M represent dimer and monomer  albumin, respectively. 

6.8 or 0.2 M glycine-HC1, pH 2.2, also failed to 
dissociate the serum albumin-IgG complex, 
whereas albumin-antialbumin IgG complex disso- 
ciated into albumin and IgG under these condi- 
tions. 

Upon reduction with 2-mercaptoethanol in the 
presence of 1% SDS, serum albumin-IgG complex 
migrated into three bands corresponding to the 
heavy and light chains of IgG and albumin (Fig. 
2). A fourth faint band corresponding to 132000 
molecular weight protein was also observed. This 
band reacted only with antihuman albumin and 

was thus presumed to be albumin dimer. 
The densitometric scanning of 10% SDS-poly- 

acrylamide gels following electrophoresis revealed 
that 1 mol each of IgG and albumin (0.723 tool 
monomer + 0.134 mol dimer) was present in the 
albumin-IgG complex. 

Amino acid composition 
Since the above data suggested that albumin 

and IgG were present in serum albumin-IgG com- 
plex in a 1:1 molar ratio, it was of interest to 
discover whether the amino acid composition of 
the complex also exhibited a similar relationship. 
Indeed, the data in Table I show that the amino 
acid composition of the serum albuin-IgG complex 
is nearly identical to that calculated for an 
equimolar mixture of human albumin and IgG. 
The immunoelectrophoretic analysis of serum al- 
bumin-IgG complex and a mixture of human al- 
bumin and IgG clearly demonstrated that serum 
albumin-IgG complex is composed of albumin and 
IgG (Fig. 3). The serum albumin-IgG complex 
migrated in agarose gel electrophoresis towards the 
anode in broad bands distinctly different from 
bands produced by free human albumin or IgG. 

TABLE I 

RELATIVE A M I N O  ACID COMPOSITION OF SERUM ALBUMIN-IgG COMPLEX 

All values are calculated relative to alanine = 1.00. Values for IgG are from Edelman and Paulik [14]; and those for albumin are from 
Schultze and Hermans [15]. n.d., not determined. 

Amino acid Albumin-IgG IgG Albumin IgG + albumin 
complex (1 : 1, mol /mol )  

Ala 1.00 1.00 1.00 1.00 
Arg 0.52 0.77 0.36 0.56 
Asp 1.16 1.47 0.83 1.15 
1 / 2  Cys n.d . . . .  
Glu 1.63 1.83 1.29 1.61 
Gly 0.85 1.32 0.19 0.76 
His 0.27 0.28 0.24 0.26 
Ile 0.32 0.41 0.12 0.31 
Leu 1.14 1.39 0.95 1.17 
Lys 0.97 1.29 0.92 1.10 
Met 0.11 0.08 0.09 0.08 
Phe 0.53 0.63 0.47 0.55 
Pro 0.81 1.42 0.39 0.91 
Ser 1.21 2.16 0.36 1.26 
Thr  0.95 1.50 0.42 0.96 
Try n.d. - - 
Tyr 0.50 0.78 0.26 0.52 
Val 0.95 1.64 0.65 1.14 
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Fig. 3. Immunoelectrophoresis of a mixture of albumin and 
lgG and human serum albumin-IgG complex (SC) in 1% 
agarose gels. 5 /~1 (10/Lg) of antigens in buffer and 100 i11 of 
antisera were used. 

Papain digestion 
The data presented in Fig. 4 show that papa in  

treated human albumin and serum a lbumin-IgG 
complex reacted with ant ihuman albumin and pro- 
duced a single precipitation arc in the albumin 
region (Fig. 4A). Antibodies specific for the Fab 
fragment of  IgG reacted with papain-treated hu- 
man IgG and serum a lbumin-IgG complex and in 

- , 4 -  

Fig. 4. lmmunoelectrophoresis of papain digests of human 
albumin (well 1), serum albumin-IgG complex (well 2) and 
human IgG (well 3). 5#1 of papain-treated proteins were loaded 
in the wells. Electrophoresis was conducted at 10°C and 10 
V/plate (10× 10×0.2 cm) for 16 h in 1% agarose gels. Troughs 
contained 100/~1 of 1:5 diluted antisera. A; shows the reaction 
with rabbit antihuman albumin (IgG fraction). B; shows the 
reaction with goat antihuman IgG (Fab-fragment-specific anti- 
serum). C; shows the reaction with rabbit antihuman IgG 
(Fc-fragment-specific antiserum). Note the absence in panle A 
of arcs that may correspond to albumin bound to either Fc 
fragment or Fab fragment, both of which were present in 
papain-digested albumin-lgG complex, as evident from panels 
B and C. 

both cases produced a single precipitation arc in 
the Fab region (Fig. 4B). Antibodies specific for 
the Fc fragment of IgG also reacted with papain 
treated human IgG and serum albumin-IgG com- 
plex, producing a single precipitation arc in the Fc 
region (Fig. 4C). 

Discussion 

The experiments described above demonstrated 
that albumin and IgG in the serum albumin-IgG 
complex were linked through disulfide bonds, as 
reduction of  the complex with mercaptoethanol  in 
the presence of SDS split it into albumin and 
heavy and light chains of  IgG. Several investiga- 
tors have described complexing of albumin with 
numerous homogeneous myeloma or Walden- 
str6m's immunoglobulins through disulfide bonds 
[2 5]. These latter complexes often dissociated, 
however, during chromatographic  or electro- 
phoretic procedures or upon storage and were, 
therefore, only partially purified [2]. The albumin- 
IgG complex from human serum, on the other 
hand, appeared homogeneous  and stable in chro- 
matographic,  electrophoretic and immunoelectro- 
phoretic studies. In this regard, the a lbumin- lgG 
complex is distinct from other a lbumin- immuno-  
globulin complexes that have been reported thus 
far. 

Experiments designed to dissociate serum al- 
bumin- IgG complex suggest that noncovalent 
bonds  alone were not involved in the formation of 
this complex. This conclusion is based on the fact 
that  neither 1% SDS at 100°C for 5 min nor 8 M 
urea or low pH buffers could dissociate albumin- 
IgG complex. Since the immune complex of hu~ 
man albumin and rabbit ant ihuman albumin dis- 
sociated into its constituent albumin and antial- 
bumin IgG under the above conditions, it appears 
reasonable to conclude that the a lbumin-IgG com- 
plex is not an ant igen-antibody complex. The oc- 
currence of albumin and IgG in a 1 : 1 mole ratio 
further supports the above conclusion. 

The exact location of the binding site for al- 
bumin on the IgG molecule is not precisely known. 
However, some clues were obtained when papain- 
treated serum a lbumin-IgG complex was examined 
by immunoelectrophoresis.  Analysis of enzyme di- 
gests showed the presence of albumin and Fab and 



Fc fragments of IgG. However, no albumin was 
found associated with either the Fab or Fc frag- 
ments, since only one precipitation arc was present 
against anti-albumin (Fig. 4A). If albumin had 
formed disulfide linkages in the Fab or Fc regions, 
enzyme digests would have revealed the presence 
of multiple precipitation arcs for albumin-Fab 
and/or  albumin-Fc complexes and these arcs 
would have been demonstrable in the Fab or Fc 
region in Fig. 4A. The absence of albumin-Fab or 
albumin-Fc complexes suggests that either al- 
bumin was not attached to these regions or the 
latter complexes were more susceptible to papain 
digestion. The latter possibility is unlikely, since 
albumin, Fab or Fc fragments were easily demon- 
strated (Fig. 4B, C). These observations suggest, 
therefore, that the combining site may be located 
between the Fab and the Fc fragments, in the 
hinge region which is known to be sensitive to 
papain. The presence of similar combining sites 
for albumin in the hinge region in the case of an 
IgM from Waldenstri3m macroglobulinemic serum 
has been demonstrated previously by other investi- 
gators [4]. 

The mechanism of the formation of albumin- 
IgG complex in human blood is not known. It 
may be due to nonspecific thiol-disulfide exchange 
reaction, as suggested by various authors in the 
case of complexes of albumin with many homoge- 
neous myeloma or WaldenstriSm's immunoglobu- 
lins [2-5]. However, the unusual stability of the 
albumin-IgG complex suggests that it is different 
from those described in myeloma patients or 
Waldenstri3m's macroglobulinemia. 

The results reported here suggest that, in addi- 
tion to its antibody property, IgG may also be 
capable of forming complexes with albumin under 
appropriate conditions. As has been shown earlier 
[7,8], serum albumin-IgG complex significantly in- 
hibits adhesion of platelets to artificial surfaces. 
Thus, such complexes may prove to be of clinical 
significance, particularly when blood contacts 
prosthetic devices such as hemodialyzers or blood 
oxygenators. The mechanisms which confer such 
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properties to the albumin-IgG complex remain 
unclear. 
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