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ABSTRACT

Gizzerosine (GZ), a derivative of histamine, is a biogenic amine found in fish meal, and one of the causative
agents of black vomit, a poultry disease. We describe here the preparation of anti-idiotype antibodies to the
anti-GZ monoclonal antibody (anti-GZ 3H4) and their possible application to an immunoassay. BALB-c mice
were immunized with anti-GZ 3H4 antibody coupled to hemocyanin from Concholepas concholepas. Using so-
matic cell fusion between NSO/2 cells and splenic lymphocytes from the immunized mice, we obtained 34 po-
tential anti-idiotype antibodies. They were characterized by passive agglutination with supernatants from hy-
bridoma cultures and latex particles conjugated to the idiotype. Anti-idiotype antibodies were analyzed by a
competitive RIA, to determine their ability to dissociate the interaction between '>*I-GZ and the anti-GZ 3H4-
idiotype antibody. They were also characterized by GZ inhibition of latex passive agglutination assay. Three
anti-idiotypes named 2D11, 2H6, and 3A12, all of the IgG isotype, were obtained. They were evaluated by a
competitive ELISA, in which GZ competes with the tracer (HRP-idiotype). All presented sensitivity in the
range of 0.1-10 ug/mL of GZ; and the 3A12 anti-idiotype antibody showed the best performance. An ELISA
was developed using the idiotype bound to the solid phase and the anti-idiotype 3A12-HRP as the tracer. The
assay showed a similar sensitivity and cross-reactivity with histamine was only observed at concentrations
over 10 ug/mL. Lysine and histidine did not interfere with the assay up to 500 uwg/mL. An experiment was
conducted with fish meal contaminated with synthetic GZ. The results are promising, and showed that no
other compounds of the fish meal interfere with the ELISA system; however the extraction procedure of the
sample needs to be improved. From the results presented here, we conclude that the idiotype anti-idiotype
ELISA would be an appropriate method to determine GZ in fish meal.

INTRODUCTION histamine in feed (usually over 500 ug/mL) is needed to in-
duce gizzard erosion.(!1,20.34)
1ZZEROSINE (2-amino-9-[4-imidamlil]-7azanonanoic acid) Gizzerosineis a histamine H2-receptor agonist, and its erosive

(GZ, Mr 240) is a biogenic amine found in some kinds effect on chicken gizzard has been demonstrated ?>1%15 How-
of fish meal. This compound causes the disease called “black ever, gizzerosineis about 1,000 times stronger than histamine and
vomit” or “gizzard erosion,” observed in chicks.(%12:21.22:2540.41)  hag a longer lasting effect.?? Sugahara et al.3*3% reported that
Gizzerosine formation has been related to high histamine lev-  gizzerosine is lethal to chickens at concentrations over 1 pg/mL,
els and to overheating in the processing of fish meal rich in ly-  and recently Tisljar et al.®® reported that 0.65 ppm of gizzero-
sine.?® sine induced histopathological lesions in gastrointestinal organs

It has been postulated that gizzerosine results from the re-  of broiler chicks. Scarce information is available on the effect of
action of the e-amino group of lysine with the histamine ethyl-  gizzerosine on other animal species fed with fish meal, although
imidazole group during heating processes in the manufacture it has been reported to affect salmonids.®
of fish meal. One of the bioactive substances in fish meal has At present, no rapid and sensitive in vitro specific assays are
been shown to be histamine, but a relatively large amount of  available for gizzerosine determination in fish meal. The tradi-
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tional gizzerosine test is a bioassay with 4-day-old chicken fed
with the fish meal under study. After 7 days, the gizzard is re-
moved and subjective scores are assigned to determine its de-
gree of erosion. This bioassay is sensitive and reliable, but it is
expensive and slow and gives a semi-quantitative estimation of
the gizzerosine content.

Gizzerosine determination would be simplified by using an
analytical method. In the past, procedures using HPLC have
been applied but they lack sensitivity and reproducibility (13-24)
We believe that assayslike ELISA, based on gizzerosine mono-
clonal antibody-immunodetection could be adequate. One great
advantage of the hybridoma technology is that the humoral im-
mune response of the experimental animal can be dissected to
each one of its components*!® This property facilitates the
search of low cross-reaction to histamine antibodies and other
structurally related compounds.

We have described the development of monoclonal anti-
bodies to gizzerosine and their use in a competitive ELISA®
that showed sensitivity in the range of 0.1-10 ug/mL of gizze-
rosine. No cross-reaction was observed with histamine, histi-
dine, or lysine at the same concentrations. However, some lim-
itations may hinder its application because the assay depends
exclusively on the availability of synthetic gizzerosine (for stan-
dards and tracer preparations), which is quite expensive.
Presently Ajinomoto (Japan) elaborates it exclusively. We be-
lieve that an idiotype-anti-idiotype system'® could be used in-
stead: the antibody (Ab1) that represents the inner image of an
antigen’s epitope, can produce several anti-antibodies (AB2a,
AB2p, and AB2vy) whenitis used as an antigen; of which AB23
has an idiotype region similar to the antigen, and is capable of
inhibiting its binding to Abl.

In recent years, anti-idiotype monoclonal antibodies (MAbs)
directed to anti-hapten antibodies have been successfully gen-
erated. The assays do not depend on the availability of the hap-
ten, and the tracer is an antibody which can be readily labeled.
This system has been applied to herbicides,3? T4 thyroid hor-
mone,® mycotoxins,>!3) phycotoxins® okadaic acid,®" dini-
trophenol (1) gibberellin®» and 11-deoxycortisol!” From the
biotechnologicalviewpoint, the use of this system to determine
GZ in fish meal is particularly justified since the supply of
gizzerosine is limited and expensive.

MATERIALS AND METHODS

Development of anti-idiotype monoclonal antibodies

Antigen preparation. Anti-GZ 3H4 monoclonal antibody was
coupled to hemocyanin from Concholepas concholepas® (Blue
Carrier, developed by Biosonda S.A., Santiago, Chile) using the
protocol described by Becker et al.) and Mura et al.** with mi-
nor modifications. Briefly, 2 mg of the anti-GZ 3H4 antibody
previously purified with a Sepharose-Protein-G column (Pierce,
Rockford, IL) as described by Harlow and Lane? were dis-
solved in 0.5 mL of distilled water and slowly added to 2 mg of
hemocyanin dissolved in 2 mL of 0.1 M borate buffer pH 10.
Then 1 mL of 0.3% glutaraldehyde (Polysciences, Warrington,
PA) was added. The mixture was incubated for 2 h in darkness
at 25°C, then dialyzed at 4°C against phosphate buffer saline
(PBS; 0.1M NaCl, 2.5 mM KCl, 1.5 mM KH,PO,4, pH 7.2).
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Mouse immunization. BALB/c mice were immunized with
the anti-GZ 3H4 monoclonal antibody as follows. On day 1,
they received intraperitoneally 75 ug of antibody coupled to
hemocyanin plus 75 ug of uncoupled antibody emulsified in
complete Freund’s adjuvant (Pierce); on days 16, 54, and 79,
the same immunization was carried out, but emulsified with in-
complete Freund’s adjuvant. A booster was given on day 90
with an intraperitoneal and intravenous injection of the antigen
in PBS. Mice were bled prior to the immunizations, to obtain
pre-immune control serum. Ten days after each injection, the
animals were bled by the tail to obtain serum, and the humoral
response to anti-GZ 3H4 antibody was determined using latex
bead particles coated with anti-GZ 3H4 monoclonal antibody.

Preparation of latex particles coated with monoclonal anti-
bodies. The procedure described by Becker et al.?) with minor
modifications was employed. Briefly, 2 mL of 10% 0.8-um
polystyrene latex beads (Sigma, St. Louis, MO) were dialyzed
against PBS pH 7.2. Then the anti-GZ 3H4 monoclonal anti-
body or anti-Acro C5F10 as control,®? previously purified with
a Protein G Sepharose column, were added separately to a fi-
nal concentration of 200 ug/mL of 1% latex. The mixture was
incubated for 3 h at 37°C, then left overnight at 4°C with stir-
ring. The mixture was extensively washed by centrifugation.
The supernatant was discarded, and the pellet was resuspended
in 1% BSA glycine-saline buffer pH 8.2. Finally, the activated
latex was spectrophotometricdly adjusted to 1% final concen-
tration.

Determination of the anti-idiotype antibodies titer by pas-
sive latex agglutination. Drops of 15 uL of PBS-BSA were
placed on a 96-well U-bottom plate and serial dilutions of the
sera from experimental mice were made. Then we added 15 uL
of latex activated with the anti-GZ 3H4 antibody or with the
anti-Acro C5F10%% antibody as negative control. The prepa-
ration was incubated for 1 h at 37°C and the intensity of the
agglutination was observed using an arbitrary scale from +1 to
+3, as follows:

(+3) fully agglutinated latex and transparent supernatant
(+2) agglutinated latex and turbid supernatant

(+1) weakly agglutinated latex and turbid supernatant
(—) latex without agglutination

Somatic fusion. The general procedure described by Kohler
and Milstein'® with minor modifications was employed!-?
Briefly, 1 week before the somatic fusion, NSO/2 cells (pro-
vided by Dr. C. Milstein, from MRC Laboratory of Molecular
Biology, Cambridge, UK) were cultured at 37°C in a 10% CO,
atmosphere and 100% humidity in D-MEM complete medium
(D-MEM medium supplemented with 10% fetal calf serum, Hy-
clone, Logan, UT) and antibiotics. An intravenous and in-
traperitoneal booster were given to the mouse with the highest
titer of antibodies to the antigen; three days after, it was sacri-
ficed by cervical dislocation. The spleen was isolated in a ster-
ile form and placed on a Petri dish with 10 mL of D-MEM.
Lymphocytes were liberated mechanically by pressing the
spleen with a spatula. Both cell populations were separately
washed with D-MEM and centrifuged at 1,000 rpm for 10 min.
The splenic lymphocytes pellet, free from supernatant was then
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washed with NSO/2 cells. After discarding the supernatant, the
pellet was gently removed, and 0.5 mL of 50% PEG 4,000
(Merck, Darmstat, Germany) was used for the fusion. The pel-
let containing the hybridomas was finally resuspended in 70
mL of complete D-MEM containing HAT medium, and seeded
on sterile 96-well culture plates that were incubated at 37°C un-
der a 10% CO, atmosphere. At 7 days after fusion, 2 drops/well
complete D-MEM medium plus HT was added to the plates.

Starting at day 10, the hybridomas potentially secreting anti-
idiotype antibodies were selected by passive latex agglutina-
tion. Fifteen ul of each hybridoma supernatant and 15 uL of
latex-Anti GZ 3H4 or latex-anti-Acro C5F10 as control were
mixed. Hybridomas identified as possible anti-idiotypes were
expanded on a 24-well plate and seeded on 1 mL of D-MEM
medium complete with HT, allowing their growth up to con-
fluence.

The determination of the isotype of the selected monoclonal
antibodies was performed with a commercial ELISA kit from
Pierce (Immunopure monoclonal antibody isotyping kit II)).

Characterizationof the anti-idiotype antibodies by RIA. Two
procedures were employed: in the first, all the components of
the reaction mixture were co-incubated (equilibrium condition)
and in the second the components were sequentially added (non-
equilibrium condition). Gizzerosine (Ajinomoto, Tokyo, Japan)
was labeled with 251 (Comisién Chilena de Energia Nucler,
Santiago, Chile) as described by Torres et al.3”)

Equilibrium condition: 0.1 mL of non-diluted supernatant of
the anti-GZ 3H4 monoclonal was incubated for 24 h at 4°C
with 0.1 mL of 1% BSA borate buffer at pH 9.0 plus 0.1 mL
of 121-GZ (10,000 cpm) and 100 pL of supernatantof clones
producing anti-idiotype antibodies. The mixture was then
precipitated with a solution containing: 100 uL of anti mouse
IgG goat serum diluted 1:15 in 1% BSA borate buffer plus
100 nL of 2% mouse pre-immune serum in 1% BSA borate
buffer and 500 uL of 8% PEG 8,000 in 1% BSA borate
buffer. It was vigorously stirred, incubated for 2 h at 4°C,
and centrifuged for 45 min at 2,800 rpm. The supernatant
was discarded and radioactivity was measured in a liquid
scintillation y counter.

Non-equilibrium condition: 0.1 mL of undiluted super-
natant from anti-GZ 3H4 monoclonal was incubated for 24
h at 4°C with 0.1 mL of 1% BSA borate buffer pH 9.0 and
100 nL of supernatant of the clones likely to produce anti-
idiotype antibodies. After incubation, 0.1 mL of !*’I-GZ
(10,000 cpm) was added and re-incubated for 1 h; then the
mixture was precipitated, and the radioactivity determined
as before.

Characterizationof the anti-idiotype antibodies by inhibition
of passive latex agglutination. Fifteen uL of a PBS solution
containing different concentrations of GZ or histamine (0-100
pg/mL), and 15 uL of latex activated with the anti-GZ 3H4
monoclonal were co-incubated for 30 min at 37°C in 96-well
U-bottom plates. Then 15 uL of each anti-idiotype hybridoma
supernatant, previously diluted (from 1:5 to 1:10), was added
and incubated for 1.5 h. It was observed visually and arbitrary
values ranging from +1 to +3 were assigned as previously de-
scribed.

Development of a competitive ELISA with
synthetic gizzerosine

ELISA using as conjugate the idiotype labeled with HRP

Labeling of anti-GZ 3H4 monoclonal antibody with peroxi-
dase. Labeling of anti-GZ 3H4 antibody with peroxidase was
performed with a Pierce commercial assay according to the
provider’s instructions. Briefly, one mg/ml anti-GZ 3H4 anti-
body was incubated in PBS in the presence of 2-mercap-
toethylamine (MEA) for 1.5 h at 37°C. It was run in a poly-
acrylamide column to extract the salts, and the protein
concentrations were measured to 280 nm to identify the frac-
tions containing the antibody. Then 1 mL of the antibody frac-
tion was added with 1 mg/mL peroxidaseactivated with malein-
imide and incubatedfor 1 h at room temperature. It was dialyzed
against PBS and the anti-GZ 3H4-HRP conjugate was finally
stored at —20°C with Super Freeze Conjugate Stabilizer
(Pierce) for peroxidase.

Titration of the anti-GZ-3H4-HRP conjugate antibody. Com-
mercial plates coated with mouse anti-IgG (Pierce) were incu-
bated for 30 min at 37°C with 50 uL of the anti-GZ 3H4-HRP
conjugate diluted on base 2 in BSA borate buffer pH 9.0 or
PBS-BSA pH 7.2. The plate was washed with 0.02% PBS-
Tween-20 and enzyme activity was revealed with 100 uL/well
of Pierce’s TMB-H,0, system, incubating for 30 min at room
temperature. The reaction was stopped with 100 uL of 3N sul-
furic acid and OD was read at 450 nm.

Titration of the supernatants of anti-idiotypes 2D11, 2H6,
and 3A12 with the 3H4-HRP conjugate. Commercial poly-
styrene plates coated with mouse anti-IgG were added with 50
uL/well of dilutions on base 2 of the supernatants of each anti-
idiotype in PBS-BSA, incubatingfor 2 h at 37°C. The plate was
washed with 0.02% PBS-Tween 20 and saturated overnight at
4°C with an irrelevant IgG (anti-Acro C5F10 antibody). The
plate was washed again and different dilutions of the anti-GZ
3H4-HRP were added (1:50, 1:100, 1:200, 1:400) followed by
incubation for 30 min at 37°C; the plate was revealed and read
as described above.

Competitive ELISA for synthetic gizzerosine using the anti-
idiotype-idiotype-HRP system. Commercial polystyrene plates
coated with mouse IgG were added with 100 puL/well of the su-
pernatant from hybridomas secreting anti-idiotype antibodies of
the following dilutions in 1% BSA borate buffer: 2D11 1:50;
2H5 1:200; 3A12 1:50. The plate was washed and saturated as
described before. A 1:1 mixture of anti-GZ 3H4-HRP and GZ
or histamine was incubated in Eppendorf tubes at the following
concentrations: 10, 0.1, 0.01, and 0.001 wg/mL. The mixture
was added to the plate (100 wL/well) and incubated for 1 h at
37°C; then, enzyme activity was revealed as described above.

ELISA using as conjugate the anti-idiotype antibody labeled
with HRP

Titration of the 3A12-HRP anti-idiotype antibody. Labeling
of the 3A12 anti-idiotype antibody with HRP was performed
by means of a Pierce assay, following two labeling protocols.
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The first protocol using MEA was described previously. The
second protocol was as follows: 20 uL of N-succinymidil S-
acetylthioacetatesolution (SATA) was added to 1 mg/mL 3A12
monoclonal antibody in PBS. The mixture was incubated for
30 min at room temperature. Then 1 mL of 1 mg/mL SATA-
antibody was added to the de-acetylation solution (hydroxyl-
amine-HCI), and incubation was carried out for 2 h at room
temperature. The preparation was filtered through a polyacryl-
amide column in order to desalt, and the protein concentrations
were measured to identify the fractions containing the antibody.
Then 1 mg/mL peroxidase activated with maleinimide was
added to 1 mL of the antibody fraction. The mixture was in-
cubated for 1 h at room temperature, dialyzed against PBS and
finally stored at —20°C with Super Freeze Conjugate Stabilizer
(Pierce) for peroxidase.

Titration of the anti-idiotype 3A12-HRP conjugate antibody.
Commercial plates coated with mouse anti-IgG were incubated
for 30 min at 37°C with 100 uL of BSA-borate buffer pH 9 or
1% PBS-BSA pH 7.2 for performing serial double dilutions of
the anti-idiotype 3A12-G5-HRP conjugate via MEA or SATA.
The plate was washed with 0.02% PBS-Tween-20 and HRP
activity was revealed with 100 uL/well of TMB-H,0,, incu-
bating for 30 min at room temperature. The reaction was
stopped with 100 L 3N sulfuric acid, and the OD of the prepa-
ration was determined at 450 nm.

Determination of antibody dilutions to be used in the ELISA.
Polystyrene plates coated with rabbit anti-IgG serum were in-
cubated overnight at 4°C with different concentrations of the
anti-GZ 3H4 antibody (2.5, 5, 10, 15, and 20 pug/mL) and
washed with 0.02% PBS-Tween-20. The plates were saturated
for 1 h at 37°C with ascitic fluid, diluted 1:50 of a non-related
IgG (anti-Acro C5F10 monoclonal antibody); washing and dif-
ferent dilutions of the anti-idiotype 3A12-HRP conjugate were
added (1:100; 1:1,000; 1:10,000; 1:25,000; 1:50,000;
1:100,000). The plates were incubated for 30 min at 37°C and
revealed as described before.

Competitive ELISA for determination of gizzerosine using
the idiotype-anti-idioyype-HRP system. Plates coated with
mouse anti-IgG were incubated at 4°C overnight with 100
uL/well of 5 ug/mL anti-GZ 3H4 antibody in 1% BSA borate
buffer. The plates were washed and saturated as described
above, then 100 uL/well of a 1:1 mixture of 3A12-HRP con-
jugate was added, as well as solutions of gizzerosine, histidine,
lysine, or histamine (0.01-500 wg/mL), incubating for 1 h at
37°C. Finally, they were washed and revealed as above.

The result were plotted in a semilogarithmic graph as the mean
values of the absorbance obtained for the different amines and
amino acid versus each hapten concentration added in solution.

Idiotype anti-idiotype ELISA with a sample of fish
meal contaminated with synthetic gizzerosine

Sample preparation. The fish meal sample (brown fish meal
no. 119, provided by Fundacién Chile, Santiago, Chile) was
processed according to Okasaki et al.?> with modifications. The
histamine and fat were extracted by vigorous stirring from 5 g
of fish meal with 5 mL of methanol. Then the sample was cen-
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trifuged at 2,500 rpm for 20 min, the supernatant was discarded,
and the pellet dried at 25°C for 24 h. Subsequently, 200 ug of
fish meal were placed in a glass ampoule filled with 1 mL of
6N HCL (Pierce) and contaminated with known concentrations
of GZ: 1, 5, 10 and 20 ug/mL. The ampoule was sealed in Nj-
saturated atmosphere and the sample was incubated for 24 h at
110°C, then centrifuged for 20 min at 2,500 rpm and neutral-
ized with 25% ammonia (Merck). The mixture was dried and
resuspended,adding 500 wL sodium borate buffer pH 9.0. It was
then centrifuged for 10 min at 12,000 rpm. The supernatant was
stored and the pellet was washed three times with 100 wL of the
buffer used before. Supernatants were used to determine the per-
centage of gizzerosine recovered in each one.

Idiotype anti-idiotype competitive ELISA. The competitive
ELISA for determining GZ was performed by mixing 50
uL/well of the sample obtained as described above with 50 uL
of the anti-idiotype 3A12-HRP conjugate diluted 1:25,000 in
plates previously coated with 5 ug/mL of anti-GZ 3H4 mono-
clonal antibody. In parallel, a standard curve in duplicate was
prepared with known concentrations (between O and 100
pg/mL) of gizzerosine in borate buffer pH 8.0. The plate was
incubated 1 h at 37°C and then washed three times with 0.02%
PBS-Tween-20; enzyme activity was revealed with 100
uL/well of TMB-H,0,, incubating for 30 min at 37°C. The re-
action was stopped with 100 L of 3N sulfuric acid, and the
optic density was read at 450 nm.

The GZ concentrationin the samples were read from the cal-
ibration curve in a semilogarithmic graph where the mean val-
ues of the absorbance obtained for the standards were plotted
versus GZ concentration.

To calculate the percentage of GZ recovery in fish meal the
following formula was used:

(GZ—-S8) - (GZ -8y
(GZ -8,

% of GZ recovery = X 100
where GZ — S, is GZ concentrationin sample (S) contaminated
with synthetic GZ; GZ — S, is GZ concentrationin uncontam-
inated fish meal; and GZ — S, is GZ concentrationadded to the
fish meal.

RESULTS

Development of anti-idiotype anti-GZ 3H4 antibodies

To develop hybridomas secreting anti-idiotype monoclonal
antibodies, BALB/c mice were immunized with the anti-GZ
3H4 antibody coupled to hemocyanin from Concholepas con-
cholepas, using glutaraldehyde. The humoral immune response
was determined by means of passive agglutination in micro-
well plates, containing latex particles coated with the idiotype
(latex anti-GZ 3H4) and serum from immunized animals. As
control we used latex coated with a non-related monoclonal (la-
tex-anti-Acro C5F10) of the same idiotype as the antibody un-
der study (IgGy). The titer of serum antibodies, defined as the
last dilution of the serum showing agglutination (assigned as
+1), was 1:2!2 dilutions. This result was considered adequate
and the development of hybridomas secreting anti-idiotypes
was started.
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FIG. 1. Passive latex agglutination assay. Photography of an
area of a U-bottom plate, showing the agglutinationreaction of
latex using the idiotype-anti-idictype system. It was scored vi-
sually, assigning an arbitrary scale from +1 to +3 and (—) as
follows: (+3) fully agglutinated latex and transparent super-
natant; (+2) agglutinated latex and turbid supernatant; (+1)
weakly agglutinated latex and turbid supernatant; (—) without
agglutination.

For the primary selection of hybridomas secreting anti-idio-
type anti-GZ 3H4 antibodies, the agglutination procedure de-
scribed before was used. The agglutination capacity of 566 hy-
bridoma supernatants was determined using latex-anti GZ 3H4
and latex-anti Acro C5F10 as control; 34 positive supernatants
showed specific activity with intensities between +1 to +3, as
shown in Figure 1 for some supernatants.

As a first approach to select the anti-idiotype antibodies for
a competitive ELISA to gizzerosine, i.e., anti-idiotype anti-
bodies whose binding to the anti-GZ 3H4 monoclonal would

be displaceableby GZ in solution, the 34 antibodies under study
were analyzed by RIA, co-incubatingthe components of the re-
action mixture (equilibrium conditions). Results are presented
in Figure 2, as a plot of the percentage of inhibition of the bind-
ing of 'I-GZ to the anti-GZ 3H4 antibody with each anti-id-
iotype antibody. Twenty-four antibodies (gray bars) did not in-
hibit the binding of gizzerosineto the specific antibody (spotted
gray bar), while 10 (black bars) showed variable degrees of in-
hibition (48.5%-96.1%). These anti-idiotype supernatants were
subsequently evaluated in a RIA, preincubatingthe idiotype and
anti-idiotype (non-equilibrium condition) and the results were
confirmed for six of them, named 2D11, 2HG, 3A12,3B3,5C2,
and 5C8. From this panel, we selected the anti-idiotype anti-
bodies 2D11, 2H6, and 3A12, because they exhibited a high
percentage of inhibition and a rapid and stable growth after re-
cloning.

Thereafter, the three anti-idiotype antibodies selected were
characterized using an inhibition assay (passive latex aggluti-
nation), where we evaluated the capacity of gizzerosine
(0.001-10 wg/mL) to inhibit the binding of each anti-idiotype
to latex activated with anti GZ 3H4 idiotype. Another assay was
carried out as control, by adding similar concentrations of his-
tamine, an amine structurally related to GZ that is also found
in fish meal. The results of this assay are shown in Table 1.
The three anti-idiotype monoclonals showed a dose-response
specific inhibition of the passive agglutination reaction with
GZ. The addition of increasing concentrations of histamine had
no effect whatsoever.

Establishment of a competitive ELISA for gizzerosine
based on the idiotype-anti-idiotype system

To develop this ELISA and to set the conditions of the as-
say, a tracer was needed, either the idiotype or the anti-idiotype
coupled to an enzyme.
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FIG. 2. Competitive RIA co-incubating '>’I-GZ and the supernatants of the hybridomas secreting potential anti-idiotype anti-
bodies. The specific monoclonal antibody (anti-GZ 3H4) was incubated overnight with '2°I-GZ and the anti-idiotypic hybridoma
supernatants. Bars represent duplicates. One hundred % was assigned to the positive control (spotted gray bar), corresponding
to the anti-GZ 3H4 incubated with '>3I-GZ. In the majority of cases, inhibition did not occur (gray bars); inhibition was observed
in the range of 45-98% in the case of supernatants represented by black bars.
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TABLE 1.

MANOSALVA ET AL.

INHIBITION OF THE PASSIVE LATEX AGGLUTINATION ASSAY BY ANTI-GZ 3H4 ANTI-IDIOTYPE MABS

Concentration (ug/mL)

Anti-ldiotype antibody Hapten 0 0.4 4 40 100
2D11 Gizzerosine +2 +2 +2 — —
Histamine +2 +2 +2 +2 +2
3A12 Gizzerosine +2/+3 +2/+3 +2 — —
Histamine +2/+3 +2/+3 +2/+3 +2/+3 +2/+3
2H6 Gizzerosine +3 +3 +3 +2 +1
Histamine +3 +3 +3 +3 +3

Fifteen uL of a PBS solution containing increasing concentrations of gizzerosine or histamine and 15 uL of latex coated with
the anti-GZ 3H4 monoclonal antibody were co-incubated for 30 min at 37°C in 96-well U-bottom plate. Then 15 uL of each
anti-idiotype hybridoma supernatant was added and incubated for 1.5 h. The results of agglutination reaction were read visually,
assigning an arbitrary scale from +1 to +3, as follows: (+3) fully agglutinated latex and transparent supernatant; (+2) aggluti-
nated latex and turbid supernatant; (+1) weakly agglutinated latex and turbid supernatant; (+) latex without agglutination.

ELISA using the anti-idiotype antibody coupled to a
solid phase and the idiotype antibody as a tracer
(anti-GZ 3H4-HRP)

The anti-GZ 3H4 antibody was conjugated with HRP by
means of a commercial kit that uses MEA. To establish the
working dilution, the titer was determined by a direct ELISA
in plates coated with mouse anti-IgG. The reaction was per-
formed in borate buffer pH 9.0 and in PBS pH 7.2. A titer of
about 1:64 dilutions was found for both buffers. In the same
way, to determine the working concentration of the supernatant
of each anti-idiotype antibody, the titers for ELISA were also
determined, which were 1:50, 1:200, and 1:50 for the anti-id-
iotypes supernatants 2D11, 2H6, and 3A12, respectively.

To develop the ELISA for GZ, increasing concentrations of
GZ, 0.01-10 pl/mL, were co-incubated with the tracer (anti-
GZ 3H4-HRP) diluted 1:50. Then the supernatant of each anti-
idiotype was added at the pre-established dilution. The speci-
ficity control was a similar assay with histamine. Results are
presented in Figure 3, where the OD was plotted at 450 nm
with respect to the concentration of each hapten under study.
The three anti-idiotype antibodies showed a specific dose-re-
sponse with GZ, which was linear between 0.1 and 10 pwg/mL
GZ; the most sensitive anti-idiotype antibody was 3A12, as
shown by its higher slope.

ELISA using the idiotype antibody bound to the solid
phase and the anti-idiotype antibody as the tracer
(3A12 HRP anti-idiotype)

The 3A12 anti-idiotypemonoclonal antibody was conjugated
to peroxidase, by means of a kit that uses MEA and also by an
alternative procedure that uses SATA. As described above, the
dilution of each conjugate was first determined in borate buffers
pH 9.0 and PBS pH 7.2. The results presented in Figure 4 show
that in both buffers the titer of the conjugate using SATA was
much higher (1:120,000) than that obtained by labeling with
MEA (1:250 dilutions).

To determine the concentration of the antibodies needed to
further develop the idiotype anti-idiotype ELISA, plates with
increasing concentrations of the anti-GZ 3H4 antibody (2.5, 5,
15, and 20 pwg/mL) were activated and then revealed with in-

creasing dilutions of the SATA labeled 3A12-HRP anti-idio-
type (1:10,000, 1:25,000, 1:50,000, 1:100,000). The optimal
conditions found were 5 ug/mL of idiotype antibody and a con-
jugate dilution of 1:25,000.

Once the aforementioned basic parameters had been stan-
dardized, a competitive ELISA with GZ was developed; histi-
dine, lysine and histamine were included as controls. Results
are presented in Figure 5, where the OD was plotted versus the
concentrations of the different haptens. A specific dose-re-
sponse effect was observed with GZ, which was linear between

OD 450 nm

0.2 1
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~-O--2H11 His —<—2H6 His -4 3A12 His

FIG. 3. Competitive ELISA based on the idiotype-anti-idio-
type system. Plates coated with mouse anti-IgG were incubated
overnight at 4°C with supernatant of the anti-idiotypic anti-
bodies (2H11, 2H6 and 3A12) previously titrated. Subse-
quently, gizzerosine (GZ) or histamine (His) was co-incubated
for 30 min with the idiotype-conjugae (anti-GZ 3H4-HRP an-
tibody), and the preparation was added to the plate to start com-
petition. Color was developed during 30 min with TMB and
H,0,. The reaction was stopped with 100 uL of 3N sulfuric
acid, and the optic density was read at 450 nm. Each point in
the curves represents duplicates expressed as a mean, with a
variation of less than 10%.
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FIG. 4. Direct ELISA evaluation of the conjugate 3A12 anti-
idiotypic antibody coupled to HRP via SATA and via MEA.
Plates of 96-wells coated with mouse anti-IgG were incubated
at 37°C for 30 min with serial dilutions of each conjugate and
after washing with 0.02% PBS-Tween 20; color was developed
during 30 min with TMB and H,O,. The reaction was stopped
with 100 uL of 3N sulfuric acid, and the optic density was read
at 450 nm.

0.1 and 10 wg/mL. When using histamine, a cross-reaction at
concentrationsover 10 uwg/mL was observed. Lysine and histi-
dine had no effect on the whole range of concentrations stud-
ied.

Evaluation of the idiotype-anti-idiotype-HRP
ELISA with a sample of fish meal contaminated
with gizzerosine

Gizzerosine at known concentrations was added to a brown
fish meal sample, prior to the acid extraction treatment and then
treated by acid hidrolysis as described in Materials and Meth-
ods. Subsequently, the percentage of recovery was determined
by the assay described here. The results presented in Table 2
show percentages of GZ recovery correspondingto 198%, 90%,
55.8%, and 53% for each GZ concentration added (0, 1, 5, 10,
and 20 pg/mL, respectively) indicating that the fish meal used
in this experiment had a basal GZ concentration around 4.86
pg/mL.

DISCUSSION

At present, it is not possible to determine gizzerosine quan-
titatively, and it has been effectively diagnosed only by means

of an indirect bioassay that uses Broiler chicks. It is known that
ELISA assays based on monoclonals have enormously simpli-
fied diagnoses in clinics and they are being successfully used
for the determination of food toxins and residues.*”)

We have developed a competitive ELISA based on the anti-
GZ 3H4 monoclonal antibody® but this assay has some lim-
itations, because it depends on the availability of synthetic GZ,
which is quite expensive and difficult to obtain. Further, the
small size of the molecule and the presence of a secondary
amino group complicate its labeling with enzymes. This led us
to design a competitive ELISA based on an idiotype-anti-idio-
type system which could solve some of these problems: it does
not depend exclusively on synthetic gizzerosine because the
tracer is an antibody coupled to an enzyme. At present, a num-
ber of highly stable and reproducible commercial kits for la-
beling immunoglobulins are readily available.

A simple system using latex particles activated with the id-
iotype antibody was employed to evaluate the sera and to se-
lect the anti-idiotype antibodies. Anti-idiotype antibodies are
detected by a passive agglutination reaction, a system that has
been successfully used to select anti-idiotype antibodies against
the T4 thyroid hormone.®) Using this procedure, 34 potential
anti-idiotypeantibodies were selected which were subsequently
tested on a competitive RIA, often used for the selection and
characterizationof anti-idiotypeantibodies %2739 In this way,
three antibodies were selected by means of an inhibition reac-
tion of the agglutination, adding gizzerosine in solution and, in
parallel, histamine at the same concentrations. It was found that
gizzerosine inhibits the agglutination between the latex bound
idiotype and the anti-idiotype in solution in a dose-dependent
manner. Taking together the latex bead inhibition of aggluti-
nation and the RIA results, we concluded that the anti-idiotype
antibodies may have the gizzerosine image at their active site.

OD 450 mn
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FIG. 5. Competitive ELISA based on the idiotype-anti-idio-
type-HRP system. A plate coated with mouse anti-IgG was in-
cubated overnight at 4°C with 5 ug/mL of the idiotypic anti-
body (anti-GZ 3H4). Then 3A12-HRP anti-idiotypic antibody
diluted 1:25.000 was added with histamine, histidine, and ly-
sine solutions at known concentrations. Color was revealed by
incubating for 30 min with TMB and H,O,. The reaction was
stopped with 100 uL of 3N sulfuric acid, and the optic density
at 450 nm was read. The points in the curves represent dupli-
cates expressed as a mean, with a variation of less than 10%.
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TABLE 2. GIzZEROSINE DETERMINATION FROM A SAMPLE OF FISH MEAL BY
IpioTyPE ANTI-IDIOTYPE COMPETITIVE ELISA

Amount of GZ added GZ detection (ug/mL) Percentage
(ug/mL) in ELISA GZ recovered
02 4.86 0

1 6.84 198%

5 9.36 90%

10 10.44 55.8%

20 15.46 53%

A fish meal sample from which histamine was previously extracted, was con-
taminated with gizzerosine and submitted to acid hydrolysis. The recovery of gizze-
rosine was determined in the present assay as described in Materials and Methods.
Samples were run in duplicate with an experimental error lower than 10%.

2Basal GZ concentration of the fish meal used in this experiment.

It is worth noting that the inhibition assay of latex passive
agglutination could be a useful tool to determine gizzerosine
during the processing of fish meal, since it is rapid and easy to
achieve, and does not call for sophisticated instruments.

To develop the ELISA based on the idiotype-anti-idiotype
system for GZ determination, one of the antibodies had to be
labeled with an appropriate enzyme to be used as the tracer.
We used peroxidase for labeling, because it has higher sensi-
tivity and therefore it is more specific than other enzymes such
as alkaline phosphatase and B-galactosidase Portsman et al.(>®

The results of the anti-idiotype-idiaype-HRP ELISA
showed that gizzerosine produced a linear displacement of the
binding between the tracer and the anti-idiotypes, in a range of
0.1-10 wg/mL. Although this range was similar for the three
anti-idiotypes, the 3A12 antibody was selected for its highest
sensitivity. An ELISA was done in the opposite way, i.e., we
labeled the 3A12 anti-idiotype with peroxidase and the idiotype
was bound to the solid phase, and the same range of sensitiv-
ity was found with synthetic gizzerosine. However, a better
reading was found, which is explained because the labeling sys-
tem of the antibodies was optimized using SATA, thus adding
sulphydril groups to the antibody to increase the rate of enzyme
molecules per antibody.

The sensitivity obtained in the present assay is consistent
with that reported by Sugahara et al.,* who showed toxic GZ
levels around 1 wg/mL, in experiments where synthetic GZ was
added in known concentrationsto the Broiler chickens diet. Wa-
gener et al.#? developed a HPLC method to determine gizze-
rosine, and obtained a sensitivity of 10 mg/K. Notwithstanding,
they analyzed 17 samples of fish meal hydrolyzed with HCl—
some of which had caused severe erosion in the chicken giz-
zard—and did not find gizzerosine in any of them. This sug-
gests that the fish meal causing gizzard erosion would have
gizzerosine levels under 10 mg/K. Rosselot et al.,?® who de-
termined GZ in fish meal by RIA, found that this compound
was present in a range of 1.6-26 ug/mL in fish meal, with a
score between 1 (no erosions) and 5 (severe erosions), respec-
tively.

To determine the specificity of the ELISA based on the id-
iotype-anti-idiotype antibodies, we tested other substances
structurally related to the gizzerosine, and also present in fish
meal, such as histidine, lysine and histamine. We found that
only histamine exhibited cross-reaction, in concentrations over

10 pwg/mL. It is important to consider this cross-reaction be-
cause histamine is found in fish meal in large amounts in rela-
tion to gizzerosine, hence histamine may be easily extracted
with routine techniques, because histamine is soluble both in
PBS and methanol 3%

Gizzerosine is mostly bound to proteins, since it was iso-
lated by treating fish meal with acid hydrolysis.*?> There-
fore, to develop the assay proposed in this work, after ex-
tracting histamine with methanol, the sample was hydrolyzed
and then neutralized. We believe that the neutralization pro-
cess of the sample has to be improved, because a fine pre-
cipitate was generated that affects the results, as shown by
the recovery experiments. Nonetheless, the results showed
that acid hydrolysis neither destroys nor modifies the gizze-
rosine and, apparently, no other compounds of the fish meal
interfere with the system.

Although the results of GZ recovery obtained in this ELISA
are promising, they show that the extraction procedure of the
sample needs to be improved, and experiments are in progress.
Also, for optimal recovery analysis, white fish meal is re-
quired, because it is regarded as relatively non-toxic in the de-
velopment of gizzard erosion. On the other hand, brown fish
meal, as is the case of our sample, is often associated with the
formation of gizzerosine, due to a higher histidine content.
Our results in the recovery experimentare comparable to those
of Hsu and Chu"® for aflatoxin with an idiotype-anti-idio-
type ELISA. Furthermore, commercial assays of the ELISA
format, currently used for determining histamine in fish meal
samples and some fermented products (R-Biopharm, Darm-
stadt, Germany), show variable recovery rates, that fall within
the range of our results. We think that such variations may be
largely explained by the complexity of the food samples, as
in the case of fish meal.
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