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ABSTRACT
A microELISA has been set up which is able to sensitively quantitate mouse monoclonal IgM in hybridoma culture
supernatants in a suitable range of concentrations. This assay uses ion exchange chromatography-purified rabbit
anti-mouse IgM polyclonal antibodies, both in coating capture step and conjugated to horseradish peroxidase in
revealing step. It was possible to detect concanavalin A-Sepharose affinity-purified and gel filtration-highly purified
mouse monoclonal IgM in the range 190 ng/mL to 12360 ng/mL (sensitivity 125.5 ng/mL). This assay showed a
variation coefficient of 4.50% for intraplate repeatability and 7.50% for interplate reproducibility. When compared
with an alternative ELISA test that uses a commercial goat anti-IgM-alkaline phosphatase conjugate a correlation
coefficient r = 0.92 was found. With this assay, the quality control program of the authors’ hybridoma unit is
completed, which was developed with their own resources.
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RESUMEN
MicroELISA para la cuantificación de IgM monoclonal de ratón en el sobrenadante de cultivos de hibridomas.
Se optimizó un ensayo ELISA que es capaz de cuantificar IgM monoclonal de ratón con gran sensibilidad en el
sobrenadante de cultivos de hibridomas en un rango apropiado de concentraciones. Este ensayo utiliza anticuerpos
policlonales anti-IgM de ratón generados en conejo y purificados por cromatografía de intercambio iónico. Estos
anticuerpos son utilizados como recubrimiento y conjugados con peroxidasa de rábano picante. El ensayo detectó IgM
monoclonal de ratón purificada mediante cromatografía de afinidad con concanavalina A-Sefarosa, y mediante
filtración en gel, en un rango de cuantificación de 190 ng/mL a 12360 ng/mL (sensibilidad 125,5 ng/mL). Este ensayo
mostró repetibilidad intraplaca con un coeficiente de variación (CV) de 4,50% y una reproducibilidad interplaca con un
CV de 7,50%. Cuando se comparó con un sistema similar que utilizó el conjugado comercial anti-IgM de ratón-
fosfatasa alcalina, se obtuvo un coeficiente r = 0,92. Con este ensayo, se completa un programa de control de la
calidad de la unidad de hibridomas de los autores de este trabajo, desarrollada con sus propios recursos.
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Introduction
The technology for generation and production of
monoclonal antibodies (MAb) has become a basic el-
ement in the fields of biomedicine and biotechnology,
due to the enormous possibilities of application since
its original report in 1975 [1].

Quality control of both MAb generation and pro-
duction is based, among others, on the accurate
quantitation of the molecule in order to estimate the
productive capability of a hybridoma and the avail-
ability of antibody in a particular production time.
On the other hand, such a determination is part of the
current characterization of MAbs [2].

Quantitation is critical in the production process
using large-scale biorreactors for human-injectable
preparations, in which it is important to follow up
the pharmacokinetics of the molecule [3, 4]. Up to
now, cancer applications have used IgG as “the magic
bullet” because there is a greater molecular accessibil-
ity to reach and penetrate tumors. It is reasonable to
expect that in relation to infectious diseases, the volu-
minous pentameric IgM molecule would have a better

performance for its theoretical ability to agglutinate
microbes (bacteria, yeast, large viruses) and protozoa
in vivo [5].

Since its original description in 1971, the enzyme-
linked immunosorbent assay (ELISA) has become a
formidable analytical and practical tool for detecting,
monitoring and diagnosing several antibody-detect-
able analytes due to its high specificity and sensitiv-
ity, and due to the large number of samples that can be
automatically processed [6]. For that reason, ELISA
has been used more frequently for quantitating immu-
noglobulins, compared with other methods as total
protein determination [7], radial immunodiffusion
[8, 9], immunofluorescence [10], and agglutination on
microplates [11].

Some ELISA assays have been reported for quanti-
tating monoclonal immunoglobulins in biological flu-
ids and mainly in hybridoma supernatants, but the
“sandwich” type is currently the most used [12].

Commonly, purified antibodies are used as standard
analytes for constructing the quantitating curve [13].
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On the other hand, it is not recommendable to use MAbs
as coating molecule (breaking not only deletional but
dominant tolerance) in order to include an anti-“spe-
cies” monoclonal conjugate avoiding the overall recog-
nition (by-passing the analyte). MAbs recognize a single
epitope with uniform specificity and affinity, whereas
polyclonal antibodies recognize several different
epitopes on a given antigen and each epitope with a
variable affinity. Indeed, the lower affinity of MAb
would account for their frequently lower detection lev-
els in ELISA [14]. Another problem using MAbs as
capture antibodies in ELISA compared to polyclonal
antibodies is that some MAbs have a poor performance
once they are coating plastic [15]. In this sense, poly-
clonal anti-“species” (mainly mouse) antibodies are
highly recommended for coating step [12, 16, 17].

However, a lower sensitivity is obtained when
polyclonal antibodies are used in capture and detec-
tion steps [17]. With the development of rat MAbs
by Bazin in 1982 [18], a higher sensitivity in the as-
say was obtained. To this aim, Delaunay et al. in 1990
[16] used rat anti-kappa light chain as coating and
detecting antibody in an ELISA for mouse monoclonal
IgM quantitation in hybridoma supernatants.

Currently, there are no quantitative mouse IgM
ELISA kits available in the market. It is necessary to
purchase independent antibodies and to set up assays
regarding quality control programs.

In this paper, a sandwich microELISA system for
quantitating mouse IgM MAbs in hybridoma culture
supernatants is reported, which is completely inde-
pendent of the idiotypic specificity. This assay uses
purified monoclonal mouse IgM as standard, and pu-
rified rabbit anti-mouse IgM polyclonal antibodies as
coating and conjugated antibodies in the ELISA.

Materials and Methods
Antibodies
Two-step purification of mouse IgM MAb. Ascitic fluid
was applied to a Concanavalin A-Sepharose column
(Amersham Pharmacia Biotech, Sweden) and eluted
with alpha-methyl-mannoside. The IgM fraction was
then applied isocratically to a gel filtration Superdex
200 HI Load XK 26/60 system (Amersham Pharmacia
Biotech, Sweden) [19]. The purity of the IgM was
verified by sodium dodecyl sulfate-polyacrylamide
gel electrophoresis (SDS-PAGE) [20], and the iden-
tity of the molecule was confirmed by a two-step
ELISA consisting in an IgM peak coated to the plate
and a commercial anti-mouse IgM-peroxidase. This
purified IgM was used for making the standard curve
in the quantitative ELISA.

Preparation of rabbit anti-mouse polyclonal anti-
body. Purified IgM was quantitated both spectropho-
tometrically and by the bicinchoninic acid method [21].
Rabbits were immunized subcutaneously by injec-
tion of 100 µg of IgM in complete Freund’s adjuvant
(Sigma, St. Louis, USA). Doses were repeated in
incomplete Freund’s adjuvant every other week un-
til a titer of 1:32 was obtained, as determined by the
double immunodiffusion method [22]. Polyclonal
antibodies were purified by 50% ammonium chlo-
ride salting-out and ion-exchange chromatography in
a prepacked Fast Flow HI-Load Q-Sepharose XK

26/20  column (Amersham Pharmacia Biotech, Swe-
den) [23]. This preparation was used as coating an-
tibody for IgM quantitation and also conjugated to
horseradish peroxidase (HPRO) (P-8375, type VI,
Sigma, St Louis, USA) by the sodium peryodate
method [24].

“Sandwich” ELISA (s-ELISA) for mouse IgM
quantitation with purified antibodies
Ninety-six-well flat-bottomed ELISA plates (Maxi
Sorp, Nunc, Denmark) were coated with 100 µL of
rabbit anti-mouse antibodies at a concentration opti-
mally determined (concentration range of capturing
antibody 2–30 µg/mL), for 2 h at 37 ºC in 50 mmol/L
coating buffer (Na2CO3/NaHCO3) pH 9.5. The plate
was washed four times with phosphate-buffered sa-
line (PBS, 0.1 M NaCl, 2 mM KCl, 0.01 M KH2PO4)
containing 0.05% Tween 20 (PBS-T). Blocking step
was performed using 1% casein (E. Merck, Darmstadt,
Germany) in PBS (150 µL per well), for 1 h at 37 ºC.
Plates were then washed four times with PBS-T. One-
hundred microliters of purified IgM to several dilu-
tions (from 25 to 12,360 ng/mL), and mouse
hybridoma supernatants to appropriate dilutions
(RPMI 1640 metabolized medium, Sigma, St. Louis,
USA), were added to separated wells and the plates
were kept for 1 h at 37 ºC. After six washes with
PBS-T, 100 µL of HPRO-conjugated anti-mouse an-
tibodies were added to an optimized working dilu-
tion  and the plates were incubated for 1 h at 37 ºC.
After washing eight times with PBS-T, the substrate
(o-phenylenediamine, E. Merck, Darmstadt, Germany;
0.4 mg/mL in 0.1 mol/L citrate/phosphate buffer
pH 5.5, 0.04% H2O2) was added and the reaction was
stopped 20 min later by adding 50 µL of 12.5% H2SO4

(v/v). P3A63Ag8.653 plasmocytoma cell-conditioned
RPMI medium (ATCC, Rockville, MD, USA) and
antidengue virus IgG hybridoma supernatants were
used as negative control, and PBS-T was used as zero-
standard. Incubation times and washing procedures
were performed as previously reported [2].

ELISA for mouse IgM quantitation
using a commercial conjugate
The “sandwich” ELISA using a commercial conjugate
(s-ca-ELISA) was performed as described for s-ELISA,
but with some modifications. Briefly, a goat anti-mouse
alkaline phosphatase conjugate (Sigma, St. Louis,
USA) diluted 1:1000 in PBS-T and foetal bovine se-
rum (FBS) 4% was used, and 1 mg/mL ρ-nitrophe-
nylphosphate (Sigma, St. Louis, USA) in 0.1 mol/L
diethanolamine buffer pH 9.8 was used as substrate.
The reaction was stopped 30 min later by adding 50 µL
of 0.2 N NaOH.

Setting up conjugate in the s-ELISA
For estimating the best conjugate working dilution
(1:500–1:4000) in the s-ELISA, the ratio of maximal
optical density to zero-standard optical density was
taken into account in the assay previously described.

Linear regression and sensitivity determination
The best fit for the standard curve was performed by a
graphical dispersion and regression using Office 97
Microsoft Excel (Microsoft® Corporation, USA). Sen-
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sitivity in terms of minimal detectable quantity was
estimated also taking into account the accuracy of the
zero-standard and the maximal absorbance level, as de-
scribed by Kurone et al. [25] by the formula:

where:
SD zero-standard: zero-standard standard deviation
OD maximal: maximal absorbance
OD zero-standard: zero-standard absorbance

The OD limit should be introduced in the linear-
ized (logarithmic transformation) standard curve for
estimating the minimal antigen concentration.

Reproducibility and repeatability were evaluated
by determining the variation coefficient. Interplate vari-
ation coefficient (reproducibility) was determined by
assaying the standard curve points in four assays, and
intraplate variation coefficient (repeatability) was
determined by assaying the standard curve points four
times in a single assay.

Correlation
Culture supernatants from different IgM hybridomas
were used in both s-ELISA and s-ca-ELISA and the
respective concentrations were determined. A corre-
lation coefficient for illustrating such association was
calculated using Office 97 Microsoft Excel (Mi-
crosoft® Corporation, USA).

Results
Figure 1 shows the coating antibody setting up for
mouse IgM detection using a rabbit polyclonal anti-
mouse IgM as capture antibody and an anti-mouse
IgM-peroxidase conjugate as detecting antibody.

The optimal concentration for the coating antibody
was 10 µg/mL. The ratio maximal optical density to
zero-standard  optical density for different conjugate
concentrations, revealed 1:1000 to be the best dilu-
tion assayed with a lower zero-standard level (Table).

Standard curve for IgM quantitation
using s-ca-ELISA
Figure 2 shows the standard quantitative curve for
IgM using a commercial anti-mouse IgM alkaline phos-
phatase conjugate (s-ca-ELISA). The detection range

was adjusted between 190 and 6180 ng/mL and the
sensitivity for detection of IgM in hybridoma su-
pernatants was calculated as 373.3 ng/mL. Repeat-
ability was established with a variation coefficient
(intraplates) of 4.80% and a reproducibility (inter-
plates) of 7.20%.

Standard curve for mouse IgM quantitation
using s-ELISA
Figure 3 shows the standard quantitative curve for IgM
using a rabbit polyclonal anti-mouse IgM as capture
antibody and an anti-mouse IgM-peroxidase conjugate
as detecting antibody in the s-ELISA. Detection was
ranged between 190 and 12,360 ng/mL and the sensi-
tivity for detection of IgM in hybridoma supernatants
was estimated in 125.5 ng/mL. Repeatability was es-
tablished with a variation coefficient (intraplates) of
4.50% and a reproducibility (interplates) of 7.5%. The

Figure 2. Standard curve for
quantitating mouse IgM monoclonal
antibodies by s-ca-ELISA. The
appropriate transformed curve is
referred.

Figure 1. Setting up of coating antibody for mouse IgM
detection using rabbit polyclonal anti-mouse IgM as capture.

Figure 3. Standard curve for
quantitating mouse IgM monoclonal
antibodies by s-ELISA. The
appropriate transformed curve is
referred.

                       2 x (SD zero-standard) x 10
OD (limit) =
                     (OD maximal - OD zero-standard)

Table. Ratio of maximal optical density (OD) to zero-
standard OD for different conjugate dilutions in s-ELISA.

Dilutions
1:500 1:1000 1:2000 1:3000 1:4000

Maximal OD 2,728 1,406 1,095 0,840 0,648
Zero-standard
OD 0,582 0,300 0,374 0,307 0,300

Ratio 4,68 4,69 2,93 2,74 2,16
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range (190–12,360 ng/mL) was selected from a starting
point of 25 ng/mL for IgM taking into account repro-
ducibility accuracy criteria in terms of variation coeffi-
cient (data not shown).

Correlation between s-ELISA and s-ca-ELISA
Figure 4 shows point dispersion when quantitative de-
termination was performed by both s-ELISA and s-ca-
ELISA. Correlation coefficient was calculated as 0.92.

Discussion
A sandwich ELISA for IgM quantitation has been de-
scribed, which uses rabbit-purified both coating and
conjugated antibodies. In 1990, Delaunay et al. [16]
proposed an ELISA assay for mouse monoclonal IgM
quantitation in hybridoma supernatants using a rat anti-
kappa light chain as coating antibody and conjugated to
peroxidase, and using a standard curve based on mouse
purified serum. They ranged the assay from 2 to
30 ng/mL, showing a sensitivity of 2 ng/mL with varia-
tion coefficients of 3.1% and 4.0% for repeatability
and reproducibility, respectively.

The assay showed a sensitivity 60-fold lower with a
wider quantitation range (between 190 and 12,360 ng/mL).
This range is favoring our analytical aim in terms of
detecting IgM in the supernatants in the range 1–
20 µg/mL. Using a lower sample dilution in order to
have an antibody concentration in the quantitation
range of the ELISA procedure, the assay can be per-
formed with a lower dilution error. Note that these

authors used rat anti-kappa light chain capturing and
detecting antibodies in order to increase the overall
sensitivity of the assay. Although 95% of mouse light
chain is kappa (κ) [26], this approach does not per-
mit quantitation of lambda light chain (λ) and conse-
quently the MAbs must be tested for κ or λ. The loss
of sensitivity in the assay that used capturing and
detecting polyclonal antibodies was due to the com-
petition for a common epitope between the capture
polyclonal antibody and the secondary polyclonal
antibody-enzyme conjugate, which causes a steric hin-
drance [17]. Although in 1986 Butler et al. [17] con-
cluded that, compared to polyclonal antibodies, MAbs
usually have not a sufficiently high affinity to permit
their use as “immunoglobulin capture and detection”
antibodies. Moreover, some MAbs have a poor per-
formance once coated to plastic [15]. Accordingly,
Buttler et al. did not recommend MAb anti-immuno-
globulins in a sandwich ELISA when a polyclonal al-
ternative was available.

In order to circumvent the loss of sensitivity due to
steric hindrance in symmetric assays, Buttler et al.
advised the use of an asymmetrical configuration for
the measurement of immunoglobulins by sandwich
ELISA [17].

Anyway, even with polyclonal purified antibodies,
it was possible to obtain values of repeatability and
reproducibility below 10% of variation coefficient.

In 1989, Klein-Schneegans et al. [8] proposed an
ELISA for mouse monoclonal IgM quantitation using
rabbit anti-mouse polyclonal IgM as coating antibody
and rat monoclonal biotin-conjugated anti-mouse IgM.
These authors ranged widely the assay for 1–1000 ng/mL.
Using purified MAbs as standard, the variation coef-
ficient was slightly higher than the 10% recommended
by Tijssen in 1985 [14], whereas the variation coeffi-
cient was lower than 10% when standard serum was
used. The assay proposed in this article shows a varia-
tion coefficient lower than 10% when purified MAbs
are used as standard and polyclonal serum as captur-
ing antibodies.

Conclusion
A sandwich microELISA for mouse IgM quantitation
is presented, which is useful for detecting this isotype
of MAb in hybridoma supernatants in the range 190
to 12,360 ng/mL, with a sensitivity of 125.5 ng/mL
and an acceptable precision with a variation coeffi-
cient below 10%.

Figure 4. Correlation between s-ELISA and s-ca-ELISA
for mouse hybridoma supernatant quantitation.
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