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A functional immunoassay, that has proved very useful, is described for screening and identifying monoclonal
antibodies (McAbs) against scarce and labile enzymes. This method does not require purified enzyme or
antigen and it has been successfully applied to isolate three hybridomas secreting McAbs to NADPH:nitrate
reductase from the chloronema cells of the moss Funaria hygrometrica. Briefly, the protocol involves:
adsorption of murine antibodies from hybridoma supernatants by rabbit antimouse IgG antibody pre-adsorbed
to Staphylococcus aureus cells (SAC), reaction with crude extract for 15 min, sedimentation of the SAC
complex by centrifugation and measurement of residual enzymatic activity in the supernatant. A depletion
indicates the presence of antibodies that bind to the active enzyme. The method is rapid, sensitive and
versatile enough to be used to isolate McAbs with exquisite specificities. The three isolated McAbs recognized
nitrate reductase protein in a conformation-independent and/or a conformation-dependent manner.

Introduction using either the purified enzyme (Notton et at 1985;
Hyde et at 1989) or the extensively enriched preparations
(Cherel et at 1985) in the screening protocols. These
methods could not be applied to Funaria NR as it was
difficult to obtain sufficient amounts of purified, or even
extensively enriched NR. In most organisms NR is labile
and present in low amounts estimated to be about 0.005
to 0.03% of the total soluble protein (Campbell 1989).

In the absence of pure enzyme or antigen, McAbs can
be identified on the basis of some unique characteristic
of the antigen such as its intracellular localization, bio~
chemical property or the size of its subunit (Harlow and
Lane 1988). A screening method based on dot-immuno-
binding assays combined with a chemiluminescence
detection system has also been described for semi-purified
antigen (Bakkali et at 1994). With impure preparations
of soluble enzymes, functional screens such as assay for
the depletion of antigenic activity from supernatant
(ADAAS) (Crawford et at 1982; Nakane and Deguchi

Monoclonal antibodies (McAbs) are invaluable for study-
ing the enzymes or antigens which occur in low amounts
or are also labile and difficult to purify. In plants, the
enzyme nitrate reductase (NR) catalyzing the reduction
of nitrate into nitrite is one such protein. In the past
few years, poly clonal as well as monoclonal antibodies
to a few NRs have been isolated. The NADPH:NR is
unique to fungi and a few bryophytes (Rudolph 1990).
Among higher plants, corn roots have also been reported
to contain a NADPH:NR besides the NADH:NR and
both are nitrate inducible (Li and Oaks 1993). As so
little is known about NADPH:NR in plants, we have
been studying its properties and regulation using the
chloronema cell cultures of the moss Funaria hygromet-
rica Hedw.

For our studies McAbs to Funaria NR were needed.
The McAbs against other plant NRs have been produced
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1982; Krishnaswamy and Bryan 1986; Lenman et al
1990) or assay of irnrnunoadsorbed enzyme (Frackelton
and Rotman 1980; Jemmerson and Fishman 1982; Mier-
endorf and Dimond 1983; Lenman et al 1990) have
been used to identify McAbs. These assays require
prolonged incubation periods lasting a few hours and
are unsuitable for labile antigens or enzymes. A rapid
method based on the enzymatic activity right at the
unfractionated cell-free, crude extract stage would be
ideal to screen supernatants. We wish to describe here
a modified functional immunoassay based on the depletion
of NR activity from the crude extracts and it was
successfully employed to isolate three hybridomas against
the NADPH:NR.

NR and 125 ~ NADPH, by incubating it at 35°C for
7.5 min (Padidam and Johri 1991).

2.4 Generation of hybridomas

Balb/c mice were immunized intraperitoneally with the
enriched NR emulsified in Freund's adjuvant (2.5 U
NR/mouse for the primary and 1.25 U for the booster
injections). After administering four booster injections
over a period of four months, the serum was tested for
the presence of antibodies which could inhibit the activity
of NR. The mice were then injected with I U NR without
adjuvant on the three successive days prior to fusion.
One mouse was sacrificed and the spleen cells were
fused with Sp2/0-Ag 14 myeloma cells using polyethylene
glycol as described by Galfre and Milstein (1981). The
fused cells were dispensed into a total of 456 wells
using 96-well plates. The culture medium contained 40%
conditioned medium instead of a feeder layer of cells
(Lovborg 1982). The myeloma cells and the hybridomas
generated were normally cultured in Dulbecco's modified
Eagle's medium supplemented; with 10% fetal bovine
serum. Four days after fusion, a microscopic examination
showed that all wells contained hybridomas. This sug-
gested that there were multiple clones in each well.
Hence, on account of this high efficiency of fusion, cells
from 72 wells were frozen and those from 24 wells
were grown in larger wells (four 24-well plates). After
three days, -1 rnl of the supernatant was tested for the
presence of anti-NR antibody as described below. Positive
wells were cloned by limiting dilution. The mice were
handled and cared for in accordance with the institutional
guidelines.

2. 

Materials and methods

Culture of chloronema cells2.

The chloronemal cells of the moss Funaria hygrometrica
Hedw. were grown in axenic, liquid cultures in minimal
medium with 1% glucose (Johri 1974). The cell line
was maintained routinely in low-calcium medium buffered
at pH 7.0 with 10 mM Hepes. The NR enzyme was
induced by inoculating stationary phase cells into 250 ml
of the above medium at an inoculum density of
0.1 mg/ml. Four or five days after inoculation, the cells
were harvested by filtration at a cell density of
0.9:t 0.2 mg/ml.

2.2 Preparation of crude extract

The harvested cells were washed in sterile water, frozen
in liquid nitrogen and ground to a fine powder. For
every gram of cell powder, I ml of double-strength buffer
A was added (buffer A: 50 rnM Na-phosphate, 1 rnM
EDTA and 5 ~M FAD; pH 7.5). The homogenate was
spun at 40,000 g for 15 min at 4 DC and the volume of
the supernatant was adjusted with water to achieve the
composition of single-strength buffer A. For the screening
protocol, the crude extracts were diluted with buffer A
such that 20 ~ contained 1 mU of NR activity (1 mUnit
is equivalent to 1 nmol of nitrite formed per min).

2.5 Modified ADAAS for screening for anti-NR
antibodies

The conventional functional assay was modified to iden-
tify the hybridomas secreting the anti-NR antibodies.
The major modification made was to first adsorb from
the hybridoma supernatants the murine antibodies using
a suitable matrix. In order to ensure that all classes of
murine immunoglobulins were adsorbed, the rabbit anti-
mouse IgG (RAMI) antibodies were first pre-adsorbed
on to the SAC (or protein A-Sepharose). Ten ml of
10% suspension of formalin-fixed SAC were mixed with
saturating amounts of RAMI (heavy and light chain
specific, 18.4 mg protein as specified by supplier) in
buffer B (50 mM Na-phosphate, 1 mM EDT A , pH 7.5).
Twenty ~l of this suspension was added to 1 ml of
hybridoma or myeloma supernatant (the latter served as
negative control), and allowed to mix for at least 3 h
on a rotator at room temperature. The SAC-RAMI-murine
antibody complexes were pelleted by centrifugation,
washed with buffer A containing 20 mM KNO3 and the

2.3 Enrichment and assay of NR

The enzyme from the crude extract was fractionated
using polyethylene glycol 6000 precipitation (8-18%
fraction), dye-ligand chromatography with Blue Sepharose
(eluted with 0.3 M KNO3), concentrated by ultrafiltration
and further purified by gel-filtration chromatography
(Sephadex G-200). This enriched preparation contained
at least four other proteins besides NR, and was used
as the immunogen. NR activity was estimated in
500 JlI buffer A, containing 20 mM KNO3, 1-4 mU of
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2 h) with the hybridoma supernatant diluted ten-fold in
BLO1TO or BLO1TO with 0.2% Tween-20. The sheet
was next washed thrice with TBS containing 0.1 % Tween-
20 and reacted with peroxidase conjugated anti-mouse
Ig antibody. After another washing cycle the bound
peroxidase was visualized by incubating the nitrocellulose
sheet in 1.3 mM diaminobenzidine, 0.02% v/v ~O2' in
TBS pH 7.4. The pre-stained Mr markers used were
fumarase (48.5 kDa), pyruvate kinase (58 kDa), fructose-
6-phosphate kinase (84 kDa), p-galactosidase (116 kDa)
and a-macroglobulin (180 kDa).


