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An Inhibition ELISA to Determine Alpha Macroglobulin
Levels in Mouse Plasma
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A sensitive method for quantifying mouse plasma alpha-macroglobulins (AM) using an inhibition
ELISA is described. AM are important plasina proteinase inhibitors that possibly act also as
tmmunomodulatory molecules. The standard protocol developed in our experiments involves coating
well with 10ug/ml A2M in carbonate buffer, followed by incubation with a 1:1 (v/) mixture of the
plasma to be tested (diluted 1/1000) and goat anti-AM (diluted 1/1250). This is followed by further
incubation, first with the enzyme-conjugated antibody and with the substrate prior to the reading of
absorbance levels of the reaction products. Standard curve samples must be included in each plate,
employing known amounts of the purified Murine Alpha-2-Macroglobulin (MuA2M) used for coaring,
with concentrations ranging from 0.001 to 10 pug/mi. Using test samples in triplicates and a 6-point
standard curve in a single ELISA plate, 25 plasma samples can be tested accurately. The method offers
an useful rool for establishing AM levels in small samples of mouse plasma.
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Plasma proteinase inhibitors are the necessary
counterparts of proteinases that participate in
many physiological and pathological processes.
Alpha-macroglobulins (AM) form a family of
especially important plasma proteinase inhibitors,
since they are able to inactivate eucariotic and
procanotic endopeptidades of all classes (serine,
cysteine, aspartic acid and metallo-type
proteinases), acting like “molecular traps” for
proteinases (Sottrup-Jensen 1989). In addition to
their role in the clearance of proteinases, AM
have been proposed as a second line regulatory
element in extravascular proteolysis (Van Leuven
1982), and have also been implicated in 1m-
munomodulatory events (LLa Marre et al. 1991).

All mammals contain one or more AM some
of which are expressed constitutively, while
others are inducible in inflammation (L.a Marre et
al. 1991). Rodents have multiple members of the
AM family. In mice, two forms of AM are
known, the constitutive tetramernic alpha-2-mac-
roglobulin, homologous to human A2M
(MuA2M), and a monomeric form called
murinoglobulin (MuG), homologous to rat alpha
§-protein inhibitor 3. MuG exhibits the molecular
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mechanism for proteinase trapping typical of the
AM family, and shows antigenic similanties with
MuA2M (Abe et al. 1989). A detailed study of
the MuG has revealed the existence of genes
coding for proteins that are not found in plasma,
at least in normal situations (Overbergh et al.
1991).

Methods to detect and quantify AM have
been described mainly for human proteins (James
et al. 1966, Ganrot & Schersten 1967, Polvesen et
al. 1687, Petersen et al. 1985). However, im-
munodiffusion (Tunstall et al. 1975) and rocket
immunoelectrophoresis (Issac et al. 1990) have
also been used to quantify mouse A2M, using an
anti-MuA2M serum prepared in the laboratory. In
quantitative enzyme-linked immunoassays
(ELISA) it is usually necessary to combine two
antisera against the antigen to design a sandwich
ELISA (Petersen et al. 1985, Polvsen et al. 1987,
Banks et al. 1990). In a variant on this direct
method, antigens can be quantified in an inhibi-
tion ELISA using only one antiserum (Carlier et
al. 1978). In this paper we describe a sensitive
method for quantifying mouse plasma AM using
an inhibition ELISA.

MATERIALS AND METHODS

Mice - Outbred Swiss albino mice were ob-
tained from the animal facilities of FIOCRUZ
(Rio de Janeiro, Brasil). Eight week old animals
were used throughout the experiments.

Blood collection and processing - 30-40 ul of
blood were collected on heparin, either by car-
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diac puncture or from the tail using micro-
hematocnit capillaries. Plasma samples were kept
at -20°C until analysis.

Isolation of murine A2M - MuA2M was iso-
lated from a pool of freshly obtained mouse plas-
ma as previously described (Overbergh et al.
1991). Briefly, the plasma were treated with BaCl
and BaS0O, and MuA2M precipitated between 4%
and 8% (w/v) of polethylene glycol 6000. The
precipitate was solubilized and dialyzed against
PBS and fractionated on a column (5 x 90 cm) of
Ultrogel ACA22 (LKB, Sweden). Eluent was a
sodium phosphate buffer (25 mM, pH 7.7). The
final purification step consisted of affinity
chromatography on a column (2.6 x 90 ¢cm) of
Blue Sepharose (Pharmacia, Sweden). The purity
of the different AM fractions eluted was analyzed
by rate electrophoresis and by SDS-PAGE.
Purified MuA2M was used to coat ELISA plates
and to make standard curves.

Anti-MuA2M immune sera - Goat anti-
MuA2M serum was obtained from Nordic Im-
munologicals {Holland), and its specificity was
tested by mmmunoprecipitation (IP) in agarose
gels or by Western blotting with total mouse
plasma and purified MuA2M and MuG (Van
Leuven et al. 1987).

Alpha-macroglobulin quantification - 96-well
immunoplates were coated overnight with 50 ml
(0.5 mg) of punfied MuA2M in 0.1 M NaHCQO3
butfer pH 9.6. The remaining reactive sites were
blocked with 1% BSA (1 hr) prepared in the
same buffer and afterwards the plates were
washed three times in 0.01M phosphate buffer
pH 7.2 containing 0.15 M NaCl and 0.5% Tween
20 (PBS-T). Anti-MuA2M goat sera were
previocusly mixed in eppendorf tubes, either with
the murne plasma to be tested or with standard
solutions of MuA2M (ranging from 0.3 to 10
ug/inl), and incubated for 1 hr at room tempera-
ture 1n a rotatory shaker. This mixture was added
to the MuA2M coated wells and incubated for 2-
dhr at 37°C. After 3 PBS-T washes the plates
were incubated with rabbit anti-goat IpgG
peroxidase conjugated (Sigma Chemical Co.).
Enzymatic activity was measured at 450 nm
using Hz02 and 3,37°,5,5 -tetramethylbenzidine
(TMB) as chromogenic substrate. The AM con-
centration in each sample was calculated from the
standard curve prepared by linear regression from
the logarithm of the optical densities obtained in
each plate (see results for details). Results are ex-
pressed in mg/ml. Fig. 1 shows a diagram of the
inhibition ELISA assay.

RESULTS
Determination of optimal concentrations of
antigens and antibodies - For the inhibition
ELLISA it i1s crucial to determine the optimal

relationship - 1in terms of relative quantities - bet-
ween the antigen bound to the plates (MuA2M)
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and the antibody in solution (anti-MuA2M). All
the specific antibodies must bind to the antigen
on the plate, in such way that small amounts of
soluble MuA2M (added to compete with the an-
tigen in the coat) are sufficient to reduce the
quantity of antibody available to bind to the plate.
This decrease on antibody availability leads to a
proportional decrease in the final optical density
obtained after incubation with appropriate system
of revelation (Fig. 1). To avoid undetected con-
sumption of antibodies, they should not be
present 1n excess.
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Fig. 1: schematic representation of antigen-antibody in-
teractions occurring in an inhibitory ELISA in the ab-
sence (A) or presence (B) of competitive AM from
mouse plasma.

Experiments in which ELLISA plates were
coated with purified MuA2M solutions at dif-
fercnt concentrations (from 2.5 to 10ug/ml),
saturated with BSA and further incubated with
anti-MuA2M also at different dilutions, are
shown in g, 2. Coating the plates with 5-10
pg/ml allowed the detection of MuA2M using
anti-MuA2ZM dilutions of up to 12000 (Fig.
2) andieldedoptical densities higher than 0.5.
So a concentration of 10 mg/ml MuA2M was
considered to be optimal for the coating of
plates, and was used thereafter. The binding
of anti-MuA2M to the antigen-coated plates
increased 1n a dose dependent manner, and
high levels of reactivity were obtained at the
dilution of 1/500 (Fig. 3). Sub-saturation
levels, such as 1/1000 or 1/2000, were found
to be optimal. Standard curves constructed
using such dilutions showed that at the higher
dilution a better slope could be obtained (Fig.
3, mmset). A typical standard curve is shown
in Fig. 4. The optimal sub-saturation level of
the anti-MuA2M had to be titrated for each
batch of serum, in order to reproduce sensi-
tive standard curves; appropriated dilutions

were generally found to be in the range of
1/1000 to 1/3000 (data not shown).
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Fig. 2: antisera reactivity for different concentrations of
antigen used to coat the ELISA plates.
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Fig. 3: levels of reactivity of anti-MuA2M binding to

ELISA plates coated with 10 pg/ml. Standard curves  batches of purified MuA2M and three batches of
prepared with anti- MuA2M diluted 1/1000 and 1/2000

are shown in the inset.

Reproducibility of the assays - Since this in-
hibition ELISA was designed to depend only on
the availability of the punfied protein and one an-
tiserum, it was essenhal to determine the va-
riability of the assay when using different batches
of these reagents. Table I shows that using two
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Fig. 4. a typical standard curve obtained using plates
coated with 10ug/ml MuA2M, anti-MuA2ZM 1/2000

and peroxidase conjugated 1/2000.

TABLEI

Reproducibility of ELISA using different batches of

the reagents or different dilutions

Exp. MuA2ZM antl- Percxidase oD
10 pgfml  MuA2M  conjugate  (405nm)
{coating) 1500

1 batch | batch 1 1;2000 0.780

batch 2 0.772

batch 3 0.683

| batch 2 batch 1 0.723

batch 2 0.738

batch 3 0.650

2 batch 1 batch 2 11000 1.579

172000 1.488

1/5000 0.715

Obs: peroxidase substrate used in all cases: TMB

commercial goat anti-MuA2M we obtained
similar optical density levels. It was important to
titrate the peroxidase conjugate, since otherwise
it might have given variable absorbance readings

(Table I).

Reproducible results were also obtained using
different plasina samples (Table 11}, thus suggest-
ing that the assay is also efficient for the detec-
tion of AM in complex mixtures.
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TABLEII

ELISA reproducibility with different plasma samples

Sample Exp* AM (mg/ml) Mean (sd)*
1 3 115 136 1.32° 128 (0.1
b .13 105 127 122 (0.13)
1 a 296 274 313 294 (020)
205 308 283 265 (0.44)
91| a 400 364 390 385 (031
b 344 420 416 393 (0.35)
IV a 353 230 309 331 (0.31)
b 363 379 446 393  (0.46)

* indicates two different experiments in which the levels of
) AM of a same sample were determined

“triplicates in a same plate
“ standard deviation

DISCUSSION

Proteinases are powerful enzymes that can ac-
tivate or inactivate target proteins, as well as par-
ticipate in their maturation or destruction, by
cleaving some of their peptide bonds. Since AM
are among the most diverse and abundant plasma
proteinase inhibitors, their levels may indicate the
load of proteinases at any given moment in an or-
gamsm. A search through the literature revealed
that, to date, all the methods used to quantify
mouse AM have involved immuno-difusion
(radial or on a electrophoretic field), despite the
fact that enzyme linked immunosorbent assays,
as well as being more sensitive than immuno-
precipitation techniques, are also easier and faster
to perform. In the present paper, we have des-
cribed an inhibition ELISA that can be used to
quantify the total amount of AM in mouse plas-
ma. The method uses reagents that, for the most
part, are commercially available, such as goat
anti-mouse A2M, peroxidase-conjugated rabbit
anti-goat IgG and peroxidase substrate. The only
laboratory-prepared reagent is purified murine
AM. Since A2M is easy to isolate and purify, by
simple methods such as affinity chromatography
or gel filtration (Virca et al. 1978, Kurecki et al.
1979, Van Leuven et al. 1985, Shibuya et al.
1988), this is not a limiting factor.

The standard protocol used in our experi-
ments involves coating wells with 10 pg/ml A2M
in carbonate buffer, blocking them with 1% BSA
and incubating them with a 1:1 (v/v) mixture of
the plasma to be tested (diluted 1/1000) and goat
anti-AM (diluted 1/1250). This is followed by
further incubation, first with enzyme-conjugated
antibody and then with substrate, prior to the
reading of the absorbance levels of the reaction

product. Standard curve samples must be in-
cluded in each plate, employing known amounts
of the purified used for coating, with quantities
ranging from 0.001 to 10 pg/ml. Thus using test
samples In triplicate and a 6-point standard curve,
in a single ELISA plate 25 plasma can be tested
accurately.

It is important to point out that, in contrast to
gel immunoprecipitation techniques, in which
lines of precipitation are formed monospecifical-
ly by the cross-linking of antigen and antibodies,
in ELISA all antigens epitopes can be recognized
by antibodies in polyclonal antisera. This con-
tributes to the enhanced sensitivity of the method.
No monoclonal antibodies are available for
murine AM, but, in view of the high structural
homologies among different AM proteinase in-
hibitors, polyclonal antisera against heterologous
A2M and MuG can be used to detect the total cir-
culant AM, without discrimination between A2M
and MuG. In studies using rocket immuno-
lectrophoresis, A2ZM and MuG have each been
found to occur in mouse plasma under nonmal
conditions at concentrations between 0.5 and 1
mg/ml each one (Overbergh et al. 1991). We
therefore expected the overall level of AM to be
in the region of 1-2 mg/ml. This was the case in
our ELISA tests on plasma from Swiss mice.

The method described in this paper may offer
a useful tool for establish AM level in mice, and
for tracking variations in AM concentrations
under different physiological and pathological
conditions. We have already used it successfully
to show that enhanced AM level in BALB/c
mice infected with Trypanosoma cruzi correlate

with resistance to acute infection (Araujo-Jorge
et al. 1992).
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