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A method for the labeling of gizzerosine (GZ), a biogenic amine found in fish meal, is described. The
labeling procedure with 125I using a water-soluble Bolton-Hunter reagent and a mild water-insoluble
oxidant (Iodogen) reagent is rapid and reproducible. The 125I-GZ hapten was demonstrated to be
immunologically active in a radioimmunoassay developed with polyclonal antibodies to GZ absorbed
with a histamine-Sepharose column. The curves were linear in the range of 0.0001 and 0.1 µg/mL.
Samples of fish meal previously extracted of histamine with methanol and submitted to acid
hydrolysis were contaminated with known amounts of GZ and submitted to the assay. The fish
meal samples contaminated with GZ show a dose-response effect similar to the standard curve,
and apparently the other component present in the sample did not interfere with the binding of the
antibodies to 125I-GZ. These data indicate the suitability of the radioimmunoassay to determine
specifically GZ in fish meal.
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INTRODUCTION

Gizzerosine [2-amino-9-(4-imidazolyl)-7-azanonanoic
acid; GZ) is a biogenic amine found in brown fish meal.
This substance causes the disease called black vomit or
gizzard erosion, observed in chicks after feeding (Okasa-
ki et al., 1983; Mori et al., 1983, 1985; Toyama et al.,
1985), which causes important losses in poultry produc-
tion (Wessels and Post, 1989; Fossum et al., 1988).
Fairgrieve et al. (1994) reported that salmon fed with a
diet rich in fish meal contaminated with GZ presented
a stomach with serious alterations.

The formation of GZ has been related to high hista-
mine (H) levels and overheating in the processing of red
fish meal rich in lysine. It is assumed that GZ would
be produced by a reaction at high temperature between
the ε-amino group of lysine with the H ethylimidazole
group (Okasaki et al., 1983). Histamine is another
bioactive substance found in fish meal, but a relatively
large amount of this compound in feed (usually 400-
500 ppm) is needed to induce gizzard erosion (Harry et
al., 1975; Kazama et al., 1980; Kuba et al., 1983;
Masumura et al., 1985; Sugahara et al., 1987, 1988).
Although GZ has proven to be a histamine H2-receptor
agonist, this compound is ∼1000 times stronger and has
a longer lasting effect than H (Masumura et al., 1985;
Hino et al., 1987; Ito et al., 1987). Sugahara et al. (1987)
reported that GZ causes chicken mortality at concentra-
tions >1 ppm.

At present, no fast and sensitive in vitro specific assay
is available for the determination of GZ in fish meal.

The method currently available for determining its
presence is a bioassay using 4-day-old chickens fed with
the test meals, and it takes ∼7 days to get the scores.
Semiquantitative scores are assigned after inspection
of the gizzard in comparison to a reference or control
fish meal (Horaguchi et al., 1981; Castro, 1991). Al-
though the bioassay is sensitive, it lacks the efficiency,
accuracy, and reproducibility of other analytical meth-
ods currently used for toxin detection in food. Some
procedures for GZ determination using high-perfor-
mance liquid chromatography (HPLC) have been re-
ported, but they lack the sensitivity and reproducibility
required (Ito et al., 1985; Murakita et al., 1990).
Wagener et al. (1991) developed an HPLC method and
obtained a sensitivity of 10 mg/kg. Notwithstanding,
they analyzed 17 samples of fish meal hydrolyzed with
HClssome of which had caused severe erosion in the
chicken gizzardsand did not find GZ in any of them.
This suggests that the fish meal causing gizzard erosion
would have GZ levels <10 mg/kg.

Immunochemical methods have gained wide applica-
tion for toxin detection in food, and hence there is a
great demand for specific antibodies for the assay (Hsu
and Chu, 1994). Radioimmunoassay (RIA) and competi-
tive enzyme-linked immunosorbent assay (ELISA) may
reach adequate sensitivity and specificity for GZ detec-
tion in fish meal. However, the production of antibodies
to GZ faces serious difficulties, because, on the one hand,
GZ is a hapten (Mr ) 240) and, besides, the immuno-
chemical reagent must be free of cross-reaction to
histamine, a structurally related compound present in
fish meal at higher concentrations than GZ. Rosselot
et al. (1996) developed an RIA to evaluate GZ in fish
meal and reported a high degree of cross-reaction of the
anti-GZ rabbit polyclonal sera with histamine; they
found that GZ would be present in a range of 1.6-26
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µg/mL in fish meal with a score between 0 (no erosions)
and 3 (severe erosions), respectively.

Another problem to be solved when an RIA is devel-
oped for small molecules such as GZ is radiolabeling,
because the hapten lacks a tyrosine residue. To add this
group, should be kept the immunodominant group
without significant modifications and a mild 125I radio-
labeling must be used to avoid oxidation of the gizze-
rosine domain.

The present paper describes an alternative method
for labeling GZ with 125I, using a water-soluble Bolton-
Hunter reagent (Bolton and Hunter, 1973) and a mild
water-insoluble oxidant (Iodogen) reagent (Fraker and
Speck, 1978). Also, we describe the basis for develop-
ment of an RIA using rabbit polyclonal serum to GZ
absorbed with histamine. A preliminary evaluation of
the assay was tested with synthetic GZ added to
samples of fish meal.

MATERIALS AND METHODS

Development of Anti-GZ Polyclonal Antibodies. 1. GZ
Coupling to Carrier Protein. GZ chemically synthesized
(Ajinomoto, Japan) was coupled to hemocyanin from
Concholepas concholepas (CCH; Blue Carrier developed by
Biosonda S.A., Santiago, Chile) using the protocol described
by Coligan et al. (1992) with minor modifications by Becker
et al. (1998). Briefly, 5 mg of the carrier protein was dissolved
in 2 mL of 0.1 M borate buffer (pH 10), and 1 mg of GZ in
bidistilled water was slowly added. Glutaraldehyde (Poly-
sciences) was then added to a final concentration of 0.1%. The
mixture was incubated for 2 h in darkness at 25 °C and then
dialyzed against phosphate buffer saline (PBS; 0.1 M NaCl,
2.5 mM KCl, 1.5 mM KH2PO4, 7 mM Na2HPO4, pH 7.2) at 4
°C. This antigen was named GZ-CCH.

To determine the specificity of the antibodies, the following
adducts were prepared: GZ coupled to bovine serum albumin
(Sigma Chemical Co., St. Louis, MO) (GZ-BSA). Histamine
(Sigma) was coupled to BSA (H-BSA) and BSA without
hapten but treated with glutaraldehyde, to detect antibodies
reacting with neoepitopes generated by the coupling agent.

2. Rabbit Immunization. Two female New Zealand rabbits
were immunized with GZ-CCH. On day 1, they received a
subcutaneous and intradermal injection of 500 µL of antigen
in complete Freund’s adjuvant (Pierce); on days 17, 37, and
57, the same immunization was carried out, but with incom-
plete Freund’s adjuvant (IFA) (Pierce). At day 87, 1 mg of the
antigen in PBS and emulsified in IFA was given intramuscu-
larly and 0.5 mg subcutaneously. Prior to the immunizations,
the rabbits were bled by the ear to obtain preimmune control
serum. Ten days after each injection, the animals were bled
for antiserum collection. A direct ELISA (Crowther et al., 1980)
was used to determine the presence of antibodies against GZ.

3. GZ-BSA ELISA. The ELISA was developed as described
by Becker et al. (1998). Briefly, 96-well polystyrene plates
(Pierce) were activated overnight at 4 °C with 50 µL of a
solution of 10 µg/mL GZ-BSA or H-BSA as control and
blocked with 250 µL/well of 1% PBS-OVO for 1 h at room
temperature. Two-fold serial dilutions (50 µL) of immune
serum in PBS-OVO solution were added to the plates followed
by incubation for 1.5 h at room temperature. The plates were
washed three times for 2 min with 0.02% PBS-Tween. Fifty
microliters of goat serum to anti-rabbit IgG conjugated to ALP
(Sigma Chemical Co.) diluted 1:1000 in PBS-OVO solution
was then added to the wells and incubated for 30 min at room
temperature. The plates were washed as described above and
revealed during 30 min at 37 °C with 50 µL/well of pNPP 1
mg/mL in a buffer solution containing 0.1 M Tris, 0.1 M NaCl,
and 5 mM MgCl2 (pH 9.5). The reaction was stopped with 50
µL of 3 N NaOH, and absorbance was read at 405 nm.
Preimmune serum from the experimental animals was used
as control.

4. Purification of Rabbit Anti-GZ Serum by Affinity Chro-
matography. One milliliter of rabbit immune serum centri-
fuged at 12000 rpm for 5 min was applied on a 3 mL
histamine-Sepharose column (Sigma Chemical Co.). The
sample was left overnight in the column at 4 °C and eluted
from the column; sodium azide, at a final concentration of
0.1%, was added to the fractions. Protein concentration was
determined by a Coomasie Plus assay (Pierce). Determinations
were performed according to the manufacturer’s instructions.

Radioiodination of GZ. All solutions were freshly pre-
pared with grade pro analysis reagents. Ten milligrams of
water-soluble Bolton-Hunter reagent [(sulfosuccinimidyl-3-
(4-hydroxyphenyl) propionate] (Pierce) was dissolved in 100
µL of DMSO (Merck, Darmstadt, Germany) in an Ependorff
tube; 36 µL of 0.1 M sodium borate buffer (pH 9.0) was added
to 4 µL of Bolton-Hunter solution, and it was labeled BH*.
At the same time, in a Khan tube, 100 µg of GZ was dissolved
in 300 µL of sodium borate buffer (pH 9.0) andsin a new
Ependorff tubes400 µCi of 125INa (Comisión Chilena de
Energı́a Nuclear, Santiago, Chile) with 10 µL of sodium borate
buffer were added. Radiolabeling was started by adding 80 µL
of 0.1 M sodium borate buffer (pH 9.0) to a precoated Iodogen-
[1,3,4,6-tetrachoro-3R,6R-diphenylglycouril] tube (Pierce), and
then 20 µL of solution BH* and 10 µL of 125I solution were
added. The mixture was incubated for 1 min at room temper-
ature. To stop the iodination reaction, the solution was
transferred to the test tube with GZ and 7 µL of 0.1 M sodium
metabisulfite was added. The solution was incubated for 30
min at room temperature, and then the mixture was applied
on a Sep-Pak C18 column preactivated with 3 mL of methanol
(Merck). The column was eluted stepwise with increments of
2% in acetonitrile (0-24%) in 0.1% trifluoroacetic acid (TFA)
(Merck). The 125I-GZ was collected from 10 to 16% acetonitrile
fractions in a total volume of 9 mL.

Development of RIA. Sodium borate buffer (0.1 M, pH 8,9)
containing 1% BSA was used for dilutions of the RIA compo-
nents: anti-GZ serum, samples, 125I-GZ, and GZ standards.

1. Binding Studies. The buffer (200 µL) was added to
polypropylene RIA tubes (Falcon), and then 100 µL of the 125I-
GZ containing ∼10000 cpm and 100 µL of the diluted anti-GZ
antibody were added; the contents of the tubes were stirred
and incubated overnight at 4 °C. The immune complexes were
precipitated by adding 100 µL of 1:2 diluted goat anti-rabbit
IgG serum (Nuclear Medicine Laboratory, Pontificia Univer-
sidad Católica, Santiago, Chile), 100 µL of 2% normal rabbit
serum, and 500 µL of 8% (w/v) poly(ethylene glycol) 8000 (PEG)
(Sigma). Samples were incubated for 2 h at 4 °C and centri-
fuged at 2700 rpm for 45 min. The supernatant was discarded,
and the walls were carefully dried with filter paper. The bound
radioactivity was determined in a γ-counter. Nonspecific
binding was determined using normal rabbit serum instead
of anti-GZ antibody. The working dilution of the rabbit
polyclonal was determined by immunoprecipitation assays of
125I GZ with serial dilutions of the antibodies.

2. Displacement Studies. The specificity and sensitivity
performance of the anti-GZ antibodies in a competitive RIA
were determined by displacement. The standard curve was
prepared by serial dilutions in 0.1 M sodium borate buffer/1%
BSA of a stock solution of 1 mg/mL GZ. Displacement experi-
ments were done with antibody dilutions binding ∼30% of the
tracer. The RIA was developed as follows: 100 µL of buffer
borate, 100 µL of the first antibody in the appropriate dilution,
100 µL of the tracer (∼10000 cpm), and 100 µL of cold GZ at
growing concentrations (0-10 µg/mL) were placed into polypro-
pylene tubes. The mixture was stirred and incubated at 4 °C,
and the immune complexes were precipitated as described
above.

Similar assays were conducted for specificity studies, with
increasing concentrations of histamine in PBS.

3. RIA with Fish Meals. Three samples of fish meal were
processed as described by Okasaki et al. (1983) with modifica-
tions. Five milliliters of methanol was added to 50 mg of fish
meal in a centrifuge tube with vigorous shaking, and the excess
of methanol was eliminated by centrifugation at 2500 rpm for
20 min and drying at 37 °C for 24 h. Proteins present in the
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samples were acid hydrolyzed as follows: 10 mg of extracted
fish meal was hydrolyzed by adding 1 mL of 6 N HCl in an N2

atmosphere for 24 h at 110 °C. The final solution was
centrifuged at 10000 rpm and was kept at 4 °C until used.
Samples were neutralized by dilution (1:40) in 0.1 M sodium
borate (pH 9) buffer.

Synthetic GZ was added to neutralized samples at final
concentrations of 0, 0.001, 0.01, 0.1, and 1 µg/mL. The RIA
was developed as follows: 100 µL of borate buffer (pH 9) 1%
BSA, 100 µL of the first antibody at the appropriate dilution,
100 µL of the tracer (∼10000 cpm), and 100 µL of sample
containing synthetic GZ added to fish meal meals were placed
into polypropylene tubes. The mixture was stirred and incu-
bated at 4 °C and the immune complexes were precipitated
as described before.

RESULTS

Development of Anti-GZ Polyclonal Antibodies.
The best results were obtained with GZ linked to
hemocyanin from C. concholepas with glutaraldehyde
in borate buffer (pH 10). The same procedure was used
to generate monoclonal antibodies to GZ (Becker et al.,
1998). The presence of rabbit antibodies to GZ in rabbit
serum was determined by a direct ELISA on plates
activated with GZ-BSA, H-BSA, and BSA treated with
glutaraldehyde. Results presented in Figure 1 showed
a high titer of antibodies to GZ (∼214 dilutions), both
rabbits exhibiting similar titers. However, as expected,
the antiserum showed strong cross-reaction to hista-
mine, because both molecules share the imidazole
domain.

The development of a specific immunoassay for GZ
in the presence of histamine is a difficult task because
the concentration of GZ is much lower than that of
histamine in fish meal; hence, a small cross-reaction of
the antibodies with histamine yields unreliable results.
To tackle this problem, the anti-GZ rabbit antiserum
was adsorbed on a histamine-Sepharose column and
re-evaluated by ELISA. Figure 1 shows that this
procedure was effective for the removal of anti-hista-
mine antibodies.

Radioiodination of GZ. Figure 2 shows the elution
profile of 125I-GZ from the column; the first peak elutes
in fractions containing acetonitrile from 10 to 16%. The
immunoprecipitation analysis with anti-GZ rabbit se-
rum indicated that fractions eluting from 12 to 14%
acetonitrile presented immunoreactivity. These results
were similar in three independent labeling experiments
and fluctuated ∼30% with GZ antiserum diluted 1:1000.
In all experiments, a second nonantigenic radioactive
peak eluting between 18 and 20% of acetonitrile was
observed. It may correspond to the 125I-Bolton-Hunter
free reagent. The labeled hapten was still immunore-
active after 3 months of storage at 4 °C.

GZ RIA. Figure 3 shows the results of an RIA using
free GZ and 125I-GZ with the rabbit antiserum to GZ.
Experiments were carried out under two different
conditions: (1) at equilibrium, for example, co-incubat-
ing the antibodies with the labeled and nonlabeled
hapten; (2) nonequilibrium, for example, incubating
overnight with GZ, then adding 125I-GZ for 1 h at 4 °C.
Similar displacement curves were observed for both
assays, with a linear range of displacement between
0.0001 and 0.1 µg.

To determine the specificity of the RIA, experiments
were run in the presence of increasing concentrations
of GZ and histamine with the anti-GZ rabbit antiserum
normal and adsorbed by a histamine-Sepharose col-
umn. Results presented in Figure 4 show that histamine
concentrations >1 µg/mL lightly displaced the curves.
These results make it necessary, anyway, to eliminate
histamine of fish meal samples before it is submitted
to acid hydrolysis for GZ extraction.

Figure 1. Rabbit immune humoral response to GZ; titration
of serum from rabbit immunized with GZ-CCH, using a direct
ELISA: nonabsorbed serum (open circles) and adsorbed serum
on a Sepharose-histamine column (solid circles). The plates
were activated with GZ-BSA. The binding of the antibodies
to the plate was determined using an anti-rabbit IgG labeled
with FAL. Due to the dilution of the serum resulting from the
affinity chromatography, normal serum was diluted to the
same protein concentration of the nonadsorbed serum before
titration. The first dilution corresponds to 1:100 and, then,
continuous serially.

Figure 2. Elution profile of 125I-labeled GZ. Radioiodination
was carried out using a water-soluble Bolton-Hunter reagent
and a mild water-insoluble oxidant (Iodogen) as described
under Materials and Methods. Elution of the 125I in the C18
Sep-Pak cartridges was performed with 2% increments of an
acetonitrile gradient containing 0.1%TFA. Fractions were
screened for specific immunoprecipitation using rabbit antisera
to GZ diluted 1:1000 (open circles). Radioactivity in each
fraction was measured in 100 µL aliquots using a Gamma
counter.
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A critical point in the development of a reliable RIA
for GZ was to determine the effect of other compounds
of the fish meal and, as mentioned above, the extraction
procedure for the samples. GZ is mostly incorporated
into proteins; consequently, it is necessary to submit the
samples to the procedure described by Okasaki et al.
(1983). To this end, samples of fish meal were first
extracted of histamine with methanol, then submitted
to acid hydrolysis, neutralized, and finally contaminated
with known amounts of synthetic GZ (in the range of
0-1 µg/mL). Although the preliminary results of Table
1 obtained in this RIA are promising, because a dose-

response effect was observed in the antibodies binding
to 125I-GZ in the presence of GZ added to fish meal, they
show that the treatment procedure of the sample needs
to be improved. We think that such variations may
largely be explained by the complexity and heterogene-
ity of the fish meal samples. Nonetheless, the results
showed that 6 N HCl neither destroys nor modifies the
GZ and, apparently, no other compounds of the fish meal
would interfere with the binding of the antibodies to 125I-
GZ.

DISCUSSION

Producers as well as consumers of fish meal have
outlined the need of controlling the presence of biogenic
amines, that is, toxic compounds generated during the
degradation of proteins present in fish meal by the
action of microorganisms on amino acids along the
production process (Kimata, 1960). Among the biogenic
amines, GZ causes important losses in poultry produc-
tion. It is the main cause of black vomit, a chicken
disease with severe ulceration of the gizzard (Okasaki
et al., 1983; Sugahara et al., 1987). On the other hand,
little is known of its effect on other animal species.
Therefore, its determination remains as an important
issue in the quality control of fish meal.

In this work, we describe a procedure to develop
rabbit polyclonal antibodies against GZ, their charac-
terization, and their application to the development of
an RIA. Also, a reliable and mild iodination method of
the compound is described that does not affect the
antigenicity of the hapten. The radiolabeled hapten has
been used for setting up an RIA and to screen a panel
of anti-idiotypic monoclonal antibodies directed to the
monoclonal GZ-3H4 specific for GZ (H. Manosalva, A.
E. De Ioannes, M. I. Becker, unpublished data).

The Bolton-Hunter method (Bolton and Hunter,
1973) for radiolabeling proteins has been used exten-
sively, and various modifications to improve the proce-
dure have been developed as to incubation time, tem-
perature, nature of the oxidizing agent for converting
125I into the reactive species 125I2 or 125I+ (Langone, 1980;
Bailey, 1996a,b). In the present work, we report a two-
step method that uses an Iodogen coated tube to label
the water-soluble Bolton-Hunter reagent. Simply re-
moving the labeled reagent from the tube can control
the extent of the iodination. The Bolton-Hunter labeled
reagent is incubated with GZ, avoiding possible harmful
effects arising from the direct contact of the hapten with
the oxidant. This method is a simple procedure that does
not impair the subsequent binding of the 125I-GZ to the
antibodies. Recently, Rosselot et al. (1996) labeled GZ
with a water-insoluble Bolton-Hunter reagent in the
presence of a strong oxidant. In addition to the concerns

Figure 3. Radioimmunoassay to synthetic GZ with polyclonal
antibodies to GZ: (solid circles) experiments under equilibrium
conditions, e.g., co-incubating the antibodies with GZ and 125I;
(open circles) experiments under nonequilibrium conditions,
e.g., first, the rabbit polyclonal antibodies to GZ were incubated
overnight at 4 °C with GZ and, then, by adding 125I for 1 h at
4 °C. Each point in the plots is the mean of duplicate
measurements. The experimental error was <10%.

Figure 4. Specificity of GZ RIA. The assay was developed by
incubating normal serum diluted to the same protein concen-
tration of the adsorbed serum (titer near 1:1000) with 125I-GZ
and increasing amounts of GZ (solid circles) or histamine (open
circles), a biogenic amine structurally related to GZ present
in brown fish meal. Each experimental point in the plots is
the mean of duplicate measurements. The experimental error
was <10%.

Table 1. Gizzerosine RIA: Effect of Fish Meal Samples
Previously Extracted of Histamine and Submitted to
Acid Hydrolysis and Then Contaminated with
Gizzerosinea

standard curve % binding in fish meals

GZ (µg/mL) % binding sample 1 sample 2 sample 3

0 100 100 100 100
0.001 85.1 100 72.7 73.4
0.01 18.8 24.5 37.5 25.4
0.1 6.1 1.8 5.5 4.3
1 0 0 1.0 1.4

a The experiments were run in duplicate with an experimental
error of 10%.
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arising from the use of choramine T, the small reaction
volumes make it difficult to handle the organic phases
that contain the 125I-GZ for further purification.

As shown in Figure 5, the labeling method described
here introduces the Bolton-Hunter molecule, already
labeled, on the R-amino group of the lysine moiety of
GZ at sufficient distance from the imidazole group, thus
minimizing steric effects that may impair the antibody
binding to the tracer. Also, the two-step labeling pro-
cedure may avoid losses of antigenicity due to oxidation.

The lack of an appropriate immunoassay for GZ
determination in fish meal may be attributed to its
being a hapten and, therefore, the production of anti-
bodies against it implies its coupling to carrier proteins.
Moreover, the recognition of antibodies may be inde-
pendent of the modification induced on the hapten by
the coupling agent. Previous works of our research
group to obtain anti-GZ monoclonal antibodies indicate
that when GZ is coupled to hemocyanin with carbodi-
imide, the humoral response against the hapten is poor
(Becker et al., 1998). This is confirmed by Rosselot et
al. (1996), who used carbodiimide (CDI) to couple GZ to
keyhole limpet hemocyanin (KLH) and obtained a low-
titer serum. Although this method for coupling peptides
creates a well-characterized and stable amide bond (i.e.,
those peptides bearing lysine residues), CDI may react
at more than one site, possibly affecting antigenicity
(Carter, 1996). To overcome this problem, we used
glutaraldehyde, a homobifunctional cross-linker. In
addition to the imidazole moiety, GZ exhibits the
R-amino and R-carboxy group from lysine and a second-
ary amine group found only in GZ; perhaps these
features make glutaraldehyde a better choice than CDI
to produce polyclonal and monoclonal antibodies to
gizzerosine.

Finally, we have already devised a method to label
GZ and demonstrated the suitability of the assay to dose
GZ. Nonetheless, the development of an assay attractive
to laboratories that assess quality control of fish meal
would need a more simple and efficient protocol to
solubilize GZ from the protein fraction of fish meal. In
this respect, experiments were run using enzymatic
treatment with proteasessPronase, trypsin, and pepsin

or a mixture of themson fish meal pretreated with
methanol to extract histamine. However, the results
(not shown) were not conclusive. We believe that
enzymatic treatments may be an interesting approach,
but a systematic work is required to determine the
better enzyme(s) and the extraction conditions. Rosselot
et al. (1996) reported that GZ extraction can be achieved
by heating the fish meal in PBS at 37 °C for 2 h, without
previous extraction of histamine. These results suggest
that GZ would be water soluble, which is not in keeping
with the current literature on the formation of the
compound (Okasaki et al., 1983; Masumura et al., 1985;
Sugahara et al., 1987). Furthermore, because histamine
is not extracted and considering the degree of cross-
reaction of the antiserum to GZ with histamine, the
presence of this biogenic amine should strongly interfere
with GZ in this polyclonal antibody based RIA.

The problem of cross-reaction may be avoided by
using monoclonal antibodies (Köhler and Milstein, 1975;
Becker et al., 1994, 1996; Becker and De Ioannes,
1998b). Our group has developed highly specific mono-
clonal antibodies to GZ that may be useful in the
formulation of a competitive ELISA (Becker et al., 1998).
In addition, they should be useful in a GZ RIA deter-
mination, and studies are in progress. However, at
present our polyclonal-based RIA has shown to have
better sensitivity than our monoclonal-based ELISA to
gizzerosine.

ABBREVIATIONS USED

ALP, alkaline phosphatase; PBS, phosphate-buffered
saline; BSA, bovine serum albumin; CCH, Concholepas
concholepas hemocyanin; CDI, carbodiimide; ELISA,
enzyme-linked immunosorbent assays; GZ, gizzerosine;
H, histamine; HPLC, high-performance liquid chroma-
tography; IFA, incomplete Freund’s adjuvant; KLH,
keyhole limpet hemocyanin; OVO, ovoalbumin; p-NPP,
p-nitrophenyl phosphate; PEG, poly(ethylene glycol);
RIA, radioimmunoassay; TFA, trifluoroacetic acid.
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