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Abstract

Alpha 2-macroglobulin (@2-M) is a major proteinase inhibitor in human blood and tissue. Besides its antiproteolytic
potential, @2-M was found to modulate antigen- and mitogen-driven immune responses and cell growth by binding and
transporting distinct cytokines, growth factors and hormones. The inhibitor is cleared from circulation by binding to a
multifunctional cellular receptor present on different cell types. a2-M, as well as its receptor, are capable of binding a
variety of ligands. In the present study we have applied aqueous two-phase systems to analyze the interaction of IL-18 and
a2-M receptor to different forms of «2-M. The partition of IL-13 was changed by addition of transformed a2-M to the
two-phase systems rather than by the native inhibitor. The interaction between IL-18 and a2-M was enhanced by divalent
cations. In addition, the complex formation between '*’I-labelled receptor and a2-M could clearly be demonstrated by
partitioning. In the presence of divalent cations, transformed «2-M, in contrast to the native inhibitor, effectively changed
the partition of the receptor. However, the observed alteration of the partition coefficient was found to be less compared with
the values obtained by partitioning of the receptor in the presence of whole plasma containing the inhibitor in equivalent
concentrations. The results indicate that other components of the plasma exist which competitively bind to the receptor but
independent of Ca**-ions.
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1. Introduction arrangements and to the exposition of previously

hidden receptor-recognition sites [1,2]. The trans-

Alpha 2-macroglobulin («@2-M) is a major pro-
teinase inhibitor in human blood and tissue. Upon
the attack of different proteinases rising from the
blood clotting cascade, or cell destruction of bacteri-
al origin, the native inhibitor becomes transformed
giving rise to structural and conformational re-
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formed inhibitor is then rapidly endocytosed by a
membrane-bound receptor present on different cells
e.g. macrophages, fibroblasts, neuronal cells, hepat-
ocytes [3.4].

Besides its antiproteolytic potential, @2-M was
found to modulate mitogen- and antigen-driven
immune responses and cell growth, probably by
binding and transporting distinct cytokines, growth
factors and hormones [5-7]. Binding to a2-M is
thought to confer protection to proteinases, prolonga-
tion of circulation time or transport into different
cells.
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The receptor for a2-M (a2-M-R) has recently
been cloned as a large membrane-associated protein
consisting of a large extracellular domain (515 kDa)
and a non-covalently attached membrane-spanning
domain (85 kDa) [8]. A receptor-associated 39 kDa
protein is known to regulate the binding activity of
the receptor [9]. Recently, the a2-M-R has been
demonstrated to be identical to the low density
lipoprotein receptor-related protein (LRP) [10]. This
receptor is involved in binding of chylomicron
remnants, lipoprotein lipase and lactoferrin [11,12].
In addition, this multifunctional receptor was also
found to bind and internalize pro-urokinases—inhib-
itor complexes and tissue plasminogen activator—
inhibitor complexes [13,14].

The interaction of @2-M and «2-M-R with ligands
has preferentially been studied in solid-phase experi-
ments by ligand blotting. However, adsorption to
solid phases often changes the structure of immobil-
ized proteins. Previous studies revealed that adsorp-
tion of a2-M to blotting membranes causes trans-
formation of the native molecule [15]. This prompted
us to study the ligand interaction of «2-M and
a2-M-R in free solution by partitioning in aqueous
two-phase systems. Such systems are composed of
poly(ethylene glycol) (PEG) and dextran (Dx) and
are known to be very biocompatible to cells and
proteins [16—18]. In this study we have analyzed the
interaction of IL-18 and purified @2-M-R to differ-
ent forms of @2-M. The results obtained by partition-
ing were compared with some data obtained by
solid-phase assays.

2. Experimental
2.1. Purification of a2-macroglobulin

Native a2-M was purified to homogeneity by
Zn"" -chelate chromatography and gel filtration [15].
The @2-M-R was isolated from human placenta by
affinity chromatography as described recently [19].

2.2. Transformation of a2-macroglobulin

Native a2-M or fresh human serum were trans-
formed by treatment with 0.2 M methylamine (MA)
(Sigma, St. Louis, MO, USA) in 0.1 M phosphate
buffer, pH 8.0, for 2 h at room temperature. This

treatment causes a conformational change in the
inhibitor molecule leading to interruption of internal
thiolesters, the liberation of free SH-groups and the
exposition of receptor recognition sites on the sur-
face [2]. Excess of MA was removed by extensive
dialysis against 10 mM sodium phosphate buffer.
The concentration of native and transformed «2-M
in samples was determined by ELISA as previously
described [15]. Nascent SH-groups of a2-M emerg-
ing by methylamine treatment were blocked by
reacting with 10 mM iodoacetamide for 30 min
followed by dialysis against 10 mM sodium phos-
phate buffer.

2.3. Radiolabelling

The purified receptor was radiolabelled with 0.5
mCi '*I (Amersham, Darmstadt, Germany) accord-
ing to the chloramine-T method as described by
Hunter and Greenwood [20]. Radiolabelled '*’I-IL-
18 was purchased from Amersham.

2.4. Aqueous two-phase partition

Aqueous two-phase systems (2 g) were prepared
from stock solutions of PEG 6000 (Serva, Heidel-
berg, Germany), Dextran T 70 (Pharmacia, Uppsala,
Sweden) and buffer, respectively, to obtain the
desired concentrations as given in the legends of the
figures. Prior to partitioning the interacting proteins
were pre-incubated at 37°C for certain times as given
in the legends of the figures. After mixing the two-
phase systems phase separation was achieved by
centrifugation at 2000 g. Volumes of 500 wl were
withdrawn from the top and bottom phases, respec-
tively, and were analyzed for protein content or
radioactivity. Each partition experiment was per-
formed in triplicate.

The partition coefficient, K, is defined as the ratio
of radioactivity or protein content in the top and the
bottom phase, respectively.

2.5. Solid phase partition

Titer plates (Nunc, Wiesbaden-Biebrich, Ger-
many) were coated with purified @2-M-R (2 pwg/ml)
in coating buffer (20 mM Hepes, 0.15 M NaCl, 5
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mM CaCl,, 1 mM MgCl,, pH 7.4) at 4°C overnight.
After washing (three times) the plates with phos-
phate-buffered saline containing 0.05% Tween 20
(PBS-T) the samples were incubated at 37°C for 1 h.
After repeated washing the bound @2-M was de-
tected using POD-conjugated anti-a2-M from rabbit
and o-phenylenediamine/H,O, as substrates.

3. Results and discussion
3.1. Ligand binding 1o a2-macroglobulin

Due to its properties to bind different cytokines,
growth factors and hormones @2-M was assumed to
play an important role in regulation of the cell
growth and cell differentiation [21]. Two different
forms of @2-M are present in plasma or tissue which
have different structural and functional properties.
Native a2-M is the dominating form which, upon
proteolytic attack, undergoes a conformational transi-
tion leading to the interruption of internal thiolesters
and expression of receptor-recognition sites [2—4], as
well as expression of hydrophobic pockets on the
protein surface [22]. Similar conformational changes
can be achieved by treatment with primary amines
such as methylamine. Native and methylamine-
treated a2-M (a2-M-MA) differ with respect to their
binding properties towards cytokines and growth
factors. However, due to the very labile structure of
native a2-M no complete discrimination could be
obtained in many instances.

Fig. 1 demonstrates the feasibility of aqueous
two-phase systems for studying binding of a cyto-
kine, e.g. IL-18, to «2-M under very mild con-
ditions. The two-phase systems used were composed
of 5% (w/w) PEG 6000, 7.5% (w/w) Dx T70 and
buffer. The K-values of radiolabelled IL-18, a2-M
and a2-M-MA in the absence of the interacting
species were 0.92, 0.16 and 0.17, respectively. Upon
addition of increasing concentrations of transformed
a2-M (a2-M-MA) the K-value of IL-18 was sig-
nificantly diminished due to complex formation.
According to the large difference in molecular mass
(IL-1B, 17 kDa; a2-M, 720 kDa) the partition of the
complex is assumed to be mainly governed by the
surface properties of a2-M-MA, thus the K-value is
expected to approach to the K-value of a2-M-MA.
In order to test whether the cytokine is bound to the
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Fig. 1. Effect of @2-M on partition of IL-13: 41 pM '*’I-labelled
[L-18 were partitioned in two-phase systems (2 g) composed of
5% PEG 6000, 7.5% Dx T70, 0.15 M NaCl, 10 mM sodium
phosphate buffer, pH 7.4, in dependence on increasing con-
centrations of a2-M (O), a2-M-MA (A), and iodoacetamide-
treated a2-M-MA ([J). The radiolabelled IL-18 and the different
forms of a2-M, respectively, were pre-incubated at 37°C for 3 h
before adding to the equilibrated phase system.

liberated SH-groups of thiolesters, these groups were
blocked by treatment of a2-M-MA with iodoacet-
amide. As seen, this modification had no major
influence on partition of IL-18 when compared with
a2-M-MA. Thus, binding of IL-18 to a2-M-MA
most probably involves sites other than the thiolester
sites of the inhibitor. No binding of IL-18 to native
a2-M could be observed.

a2-M is known to bind and transport Zn*" ions in
plasma [23]. Whether divalent cations may influence
the binding of IL-18 to a2-M-MA was addressed in
Fig. 2. Clearly, in the presence of Zn”" the complex
formation between «2-M-MA and IL-18 was
strongly increased as indicated by the lower K-value
of the IL-18 compared with systems without Zn*"
Surprisingly, even Ca’" favoured the binding of
IL-18 to a2-M-MA. It was found that EDTA, when
added at the end of the incubation of IL-18, a2-M-
MA and Zn"", could only partially reverse the Zn®"-
mediated complex formation (Fig. 3). However,
when the interacting proteins were incubated to-
gether with EDTA, the Zn’" -effect was abolished.
These results indicate that different binding modes of
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Fig. 2. Effect of divalent cations on binding of IL-18 to a2-M-

MA: 41 pM '‘I-labelled IL-18 were partitioned in two-phase

systems (2 g) composed of 5% PEG 6000, 7.5% Dx T70, 0.15 M
NaCl, 10 mM sodium phosphate buffer, pH 7.4, in the absence
(O) and the presence of 3 mM ZnCl, (O) or CaCl, (A) and
increasing concentrations of a2-M-MA. The radiolabelled IL-13,
respective amounts of @2-M-MA and divalent cations were pre-
incubated at 37°C for 3 h before adding to the phase system.

IL-18 to a2-M-MA may exist. Complementary
experiments revealed that Zn’*-ions also mediate
binding of IL-183 to other proteins such as human
serum albumin (not shown here). However, this
interaction could completely be reversed by EDTA
and is assumed to be unspecific. Borth and Luger [6]
described binding of IL-18 to «@2-M through a thiol—-
disulfide exchange reaction. However, we could not
corroborate these results. Currently, the biological
role of Zn’'-ions for interaction of IL-18 and
transformed a2-M is obviously not clear and needs
further study. As known, Zn’*-ions can mediate
protein or peptide interactions by forming coordinate
bondings or bridges between His- or SH-residues
[24]. Such chelating effects of transition metal ions
have also been exploited for protein separation by
immobilized metal-ion affinity partitioning [25].

3.2. Ligand binding to the a2-M receptor

Strong sequence homology between the @2-M-R
and LRP revealed that both proteins are identical
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Fig. 3. Effect of EDTA on Zn’"-mediated binding of IL-18 to
a2-M-MA: 41 pM '“I-labelled IL-18 were partitioned in two-
phase systems (2 g) composed of 5% PEG 6000, 7.5% Dx T70,
0.15 M NaCl, 3 mM ZnCl,, 10 mM sodium phosphate buffer, pH
7.4, and increasing concentrations of @2-M-MA. Mixtures of

125

*I-IL-18, @2-M-MA and Zn”" were pre-incubated at 37°C for 3
h in the absence of 3 mM EDTA (A), in the presence of 3 mM
EDTA (0J), or 3 mM EDTA was added at the end of the
incubation time (O).

[10]. The a@2-M-R is a multifunctional cell-surface
receptor of large size consisting of an external
subunit (515 kDa) and a non-covalently attached
transmembrane subunit (85 kDa) [8]. This receptor
was found to bind and internalize diverse ligands
[26]. The binding of these ligands seems to be
regulated by a small receptor-associated protein (39
kDa) coeluting with the receptor during purification
[9,19].

The interaction of purified @2-M with radiola-
belled a2-M-R was studied in aqueous two-phase
systems composed of 5% (w/w) PEG 6000, 7.5%
(w/w) Dx T70 and buffer. Triton X-100 was in-
cluded to keep the membrane receptor in solution.
Due to the binding of detergent the a2-M-R par-
titioned into the top phase with a K-value of 2.19
(Fig. 4). Upon addition of increasing concentrations
of @2-M-MA the K-value of the «2-M-R is de-
creased. In contrast, native «2-M had no effect on
the partition of the receptor. It is known from the
literature, that binding of a2-M-MA to the receptor
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Fig. 4. Effect of native and transformed a2-M on partition of
a@2-M-R: 0.38 nM '*"I-labelled a2-M-R were partitioned in two-
phase systems (2 g) composed of 5% PEG 6000, 7.5% Dx T70,
10 mM Hepes, 0.15 M NaCl, 5 mM CaCl,, 1 mM MgCl,, 0.05%
Triton X-100, pH 7.4, and increasing concentrations of native ()
or transformed «2-M ([J); (O) partition in the presence of
a2-M-MA and 20 mM EDTA.
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Fig. 5. Effect of of serum constituents on binding of @2-M to the
receptor: 0.38 nM '*’Ilabelled a2-M-R were partitioned in two-
phase systems (2 g) composed of 5% PEG 6000, 7.5% Dx T70,
10 mM Hepes, 0.15 M NaCl, 5 mM CaCl,. 1 mM MgCl,, 0.05%
Triton X-100, pH 7.4, and increasing concentrations of «2-M. (O)
partition in the presence of a2-M-MA; ([J) partition in the
presence of fresh serum; (A) partition in the presence of methyl-
amine-treated serum. The amounts of total «2-M in the different
samples were adjusted to be equivalent.

requires Ca’". This is also demonstrated by the
effect of EDTA, which completely abolished the
a2-M-MA-a2-M-R interaction. A number of lig-
ands present in serum or plasma are bound to the
receptor in addition to «2-M. According to the
current knowledge, the diverse ligands are suggested
to have distinct binding sites on the 515 kDa receptor
subunit and ligand binding requires Ca”"

In Fig. 5 we analyzed in addition to @2-M the
effect of serum components on partition of the a2-
M-R. For calibration, the total concentration of a2-
M in serum and methylamine-treated serum was
equivalent to the purified a2-M-MA. As seen,
methylamine-treated serum and surprisingly even
normal serum, drastically changed the partition of
the receptor. This alteration was more pronounced
when compared with a2-M-MA. The slight differ-
ence between the partition curves of normal serum
and methylamine-treated serum suggests that the
strong alteration of the K-value is not attributable to
a2-M. When the partition was conducted in the
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Fig. 6. Effect of EDTA on partition of a2-M receptor: 0.38 nM
'I-labelled a2-M-R were partitioned in two-phase systems (2 g)
composed of 5% PEG 6000, 7.5% Dx T70, 10 mM Hepes, 0.15 M
NaCl, 5 mM CaCl,. 1 mM MgCl,, 0.05% Triton X-100, pH 7.4,
and increasing concentrations of a2-M. (O) Partition in the
presence of @2-M-MA plus 20 mM EDTA; (A) partition in the
presence of fresh serum plus 20 mM EDTA; ([J) partition in the
presence of methylamine-treated serum plus 20 mM EDTA. The
amounts of total a2-M in the different samples were adjusted to
be equivalent.
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presence of EDTA, the a2-M-MA-a2-M-R inter-
action was abolished, as assumed (Fig. 6). However,
Ca®" -complexation could not prevent the effect of
serum on the partition of the receptor. Thus, these
results suggest the existence of other serum com-
ponents which effectively bind the receptor but
independent of divalent cations. We looked for the
possibility of unspecific effects on receptor binding
by abundantly occurring serum components such as
albumin and 1gG. No effect on receptor partitioning
was observed (data not shown).

To analyze competitive effects on ligand—a2-M-R
interaction solid phase partition experiments were
performed. Titer plates were coated with a2-M-R
and the bound @2-M was analyzed by the ELISA
technique. As demonstrated in Fig. 7, in the presence
of Ca®" @2-M-MA strongly binds to the immobil-
ized receptor. When methylamine-treated serum was
tested containing «2-M in comparable concentration,
a reduced binding of @2-M-MA to the receptor was
observed. This is due to a direct competition of
serum components and a2-M-MA for receptor bind-

/fo
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a2-M-MA
a2-M-MA Serum
a2-M-Serum

170

Absorbance at 492 nm

Alpha2-Macrogiobulin (nM)

Fig. 7. Effect of serum components on binding of @2-M to the
immobilized receptor. Titer plates coated with @2-M-R (2 pug/ml)
were incubated with increasing amounts of a2-M-MA (O), serum
(A) or methylamine-treated serum ([J) for 1 h at 37°C. After
washing the plates the bound «2-M was determined by anti-a2-
M-POD in a colour reaction measured at 492 nm. The con-
centration of total «2-M in the different samples was adjusted to
be identical.

ing sites. The obviously low binding to the immobil-
ized receptor of @2-M in normal serum was to be
expected because more than 95% of total a2-M is
native. Thus, these results suggest the existence of
serum components which bind to the a2-M-R com-
petitively to a2-M-MA but in a Ca”*-independent
manner. Such a serum component or components
have not been described so far. The well known
ligands of a2-M-R constituting serum proteins are
all known to require Ca’" for receptor interaction
and are not competitive to «2-M-MA. Further
investigations are directed to analyze the nature of
these serum components.
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