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SHORT COMMUNICATIONS

Polyclonal amanitin-specific antibodies: production and cytoprotective properties
in vitro

(Received 15 March 1993; accepted 13 April 1993)

Abstract—The amanitins found in several mushroom species are responsible for many deaths every
year. Based on its successful application to cardiac glycoside overdose, immunotherapy could be
applicable to amanitin toxicity. Therefore, we produced polyclonal amanitin antibodies by immunizing
rabbits with a novel conjugate of a-amanitin. Purified antibodies had an average association constant
for a-amanitin of 1.3 X 10°M~'. A partially protective effect of the antibodies against amanitin toxicity
in vitro in Chang cells was evident at a molar ratio of antibody binding sites to a~-amanitin of 4:1,
Together with reported studies in vive, these investigations indicate the potential of immunotherapy

for amanitin poisoning.

Ingestion of Amanita phalloides or other mushrooms
containing the cyclic octapeptides, the amanitins, accounts
for 95% of all fatal cases of mushroom poisoning worldwide
{1]. In light of the success in reversing massive digitalis
poisoning in humans by digoxin-specific ovine polyclonal
Fab fragments [2], and features of the amanitins that make
them attractive candidates for immunotherapy, we report
the production of polyclonal, amanitin-specific antibodies
and their cytoprotective effects in an in vitro assay of
toxicity in Chang cells.

Methods and Resuits

The complete synthetic pathway for the preparation of
the amanitin conjugates is outlined in Fig. 1 and in Ref.
3. The amanitins were purified from Amanita phalloides
[4). Tosynthesize product1, 1,2-diaminoethane (17.4 mmol)
was dissolved in chloroform (20 mL) and cooled to 4°. Di-
tert-butyl dicarbonate (8.7 mmol) was added dropwise
slowly into the stirred solution at 4°. Two hours later, the
undissolved material was removed by filiration and the
precipitate washed twice with chloroform (2 mL) at 4°. The
washings were combined with the original filtrate
and evaporated at room temperature. Product I was
recrystallized in a 3:2 (v/v) chloroform/n-hexane solution
toyield needlelike crystals (68.3%, 1.9 g). Nuclear magnetic
resonance analysis on a Varian EM 360 spectrometer
[deuterated chloroform with 1% (v/v) tetramethylsilane]
confirmed the structure (1.4ppm, 9H; 1.55ppm, 2H;
3.15ppm, 4H; 5.05ppm, 1H). Product II, which was
synthesized via the mixed anhydride method, had a melting
point of 100-104° consistent with the reported value [5].
Infrared spectral analysis (KBr disc, Perkin Elmer 599
Infrared Spectrometer) aiso confirmed the structure. To
synthesise product III, 10mg metallic sodium, washed
twice in n-hexane (3mL), was dissolved in anhydrous
ethanol (10mL) to produce a sodium ethylate solution.
Then, a-amanitin (55 umol) was dissolved in anhydrous
ethanol 2mL) to which the sodium ethylate solution
(55 pmol) was added. The mixture was then evaporated at
room temperature. Product IV was obtained by reacting III
and 20 mgrecrystallized ITin1 mL dried dimethylformamide
overnight at room temperature. The mixture was
evaporated, dissolved in 20% (v/v) aqueous acetonitrile,
filtered and loaded onto a SEP-PAK C, cartridge (Waters,
Medford, MA, U.S.A)) that was prewashed with

* Abbreviations: BSA, bovine serum albumin; IgG,
immunoglobulin G.

acetonitrile and 5% (v/v) aqueous acetonitrile sequentially.
The cartridge was eluted first with acetonitrile and then
with 50% (v/v) aqueous acetonitrile to yield 5% product
IV. Binding of amanitin antibody to the purified product
IV was determined by the nylon net immunoassay [6] using
a kit which was a gift from Dr H. Faulstich (Max Planck
Institute, Heidelberg, Germany). The wavelength maxima
of a-amanitin and IV were identical (302 nm), as was
binding to the antibody in the immunoassay. Product V
was obtained by the hydrolysis of IV in trifluoroacetic acid
and purified using a SEP-PAK C; cartridge. The elution
buffers were 10 and 50% (v/v) aqueous acetonitrile, and
the yield, 73%. a-amanitin-linker-protein conjugates were
prepared by the carbodimide method of Cessi and
Fiume [7]. The molar ratio of a-amanitin-linker:protein,
determined spectrophotometrically, was 1.7 for bovine
serum albumin (BSA*), and 0.8 for ovalbumin.

Amanitin-specific antibodies were elicited in two female
adult New Zealand rabbits by immunizing with a-amanitin-
linker-BSA. Plasma immunoglobulin G (IgG) was
fractionated by protein A chromatography and the
amanitin-specific IgG purified by affinity chromatography
using an o-amanitin-linker-Sepharose column. This column
was prepared from cyanogen bromide-activated Sepharose
4B (2g). To 2mL of the prepared resin was added a-
amanitin linker (2mg, V) dissolved in 0.1 M carbonate
buffer (8 mL, pH 8.0) and containing 0.5 M NaCl. After
exhaustive washing, 2mL gel were packed into a Poly-
Prep Chromatography Column and equilibrated with
0.15 M NaCl (50 mL). The solution containing IgG (12 mL;
5mg/mL in 0.15M NaCl) was loaded onto the column
which had been equilibrated for 2 hr at room temperature.
After washing with 0.15M NaCl (60 mL) at 0.2 mlL./min,
0.1 M glycine~-HCl, pH2.5 (10 mL), was applied to the
column fo elute the amanitin-specific antibodies into tubes
containing 0.5 M phosphate neutralizing buffer, pH 7.0
(0.4mL). The antibodies were dialysed against 0.15M
NaCl, concentrated by ultrafiltration, purified further by
Sephacryl §-200 superfine (Pharmacia, Uppsala, Sweden)
and Detoxi-Gel (Pierce, Rockford, IL, U.S.A.) chroma-
tography, and subjected to SDS-PAGE. Two bands
observed at 53 and 26 kDa corresponded to the heavy and
light chains, respectively. The equilibrium association
constant of the purified amanitin-specific antibody,
which was determined by radioimmunoassay [8], was
1312 0.6 X 10°M~'. Of the plasma IgG, 7.6% was
amanitin-specific.

The cytoprotective properties of amanitin-specific
polyclonal antibodies were determined in preliminary
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Fig. 1. The synthetic pathway for the preparation of the a~amanitin conjugates.

studies in Chang cells (Commonwealth Serum Laboratories,
Melbourne, Australia) [9]. These were maintained in
Roswell Park Memorial Institute 1640 medium containing
5% fetal calf serum in log growth phase in a 5% CO,
atmosphere at 37°. The amount of a-amanitin per well was
3ug, and of amanitin-specific antibodies, 1 mg. Survival
rates were assessed by the exclusion of Trypan blue in cells
that had been resuspended by trypsin digestion after 36-hr
incubation. A partially protective effect of the antibodies
was evident at a molar ratio of antibody binding sites to
n-amanitin of 4:1 (Table 1).

Discussion
In the preparation of amanitin conjugates to elicit specific

antibodies, S-amanitin has been coupled directly to carrier
via the aspartic acid residue by several groups [7, 10, 11].
Using these conjugates, we were unable to elicit polyclonal
or monoclonal antibodies specific for native amanitin.
Based on the structural studies of the amanitins {12, 13],
Faulstich et al. [5] suggested that this residue is buried in
the interior of the molecule and, therefore, attachment to
this site will change the conformation of amanitin
dramatically. It is known that the conformation of peptide-
carrier conjugates plays an important role in the elicitation
of their specific antibodies. Due to these conformational
restrictions, we synthesized a linker between the carrier
and the phenolic hydroxyl group of 6-hydroxytryptophan
of a-amanitin. Faulstich used amanitin~BSA conjugates
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Table 1. Cytotoxicity of a-amanitin in Chang cells ir} the
presence and absence of amanitin-specific antibodies

Viable cell numbers
{mean + 8D} x 10

Group {N = 16)
1 Medium 18.056 + 5.693
2 Amanitin antibody 20.278 + 4.070
3  a-Amanitin* 7.333 £ 4340
4  a-Amanitin 12.706 = 2.229

+ Amanitin antibody?

* Indicates significant difference (P < 0.005) from groups
1, 2 and 4. Statistical differences between groups were
assessed by analysis of variance and the Student-Newmarn-—
Keuls test.

+ Indicates significant difference (P < 0.005) from groups
1,2 and 3.

with a 14-atom linker to elicit the polyclonal amanitin-
specific antibodies that were used in the nylon net
immunoassay [6]. We chose a 10-atom linked in the current
study because it is a medium length linker which can be
synthesized from ethylenediamine and bromohexanoic acid
in a one step reaction.

We demonstrated that the amanitin-specific antibodies
afforded partial protection from amanitin toxicity in Chang
cells. The presumed mechanism of action was by reduction
of amanitin uptake by the cells but the partial protection
indicates that some uptake of amanitin into cells still
occurred. It is also possible that some of the amanitin-
antibody complex was internalized by endocytosis and that
free amanitin was then released within the cell.

Kirchner and Faulstich reported that amanitin-specific
antibodies are hepato-protective in vivo [14]. Amanitin-
specific rabbit polyclonal antibodies were administered to
mice following an intraperitoneal dose of a-amanitin equal
to the LDy They found that the antibodies increased the
toxicity of a-amanitin by a factor of 1.9. However, a further
study, in which rat-mouse monoclonal antibodies and their
Fab fragments were used, demonstrated that the increase
in toxicity was due 1o enhanced amanitin-related
nephrotoxicity. Electron microscopic studies showed that
the hepatocytes of these animals were completely normal
{15]. The nephrotoxicity was probably due to the greater
amount of amanitin delivered to the kidneys by the Fab
fragments which are eliminated by the kidneys. Thus, the
antibodies converted the target organ for toxicity from the
liver to the kidney. These authors concluded that antibody
therapy was unlikely to be efficacious for amanitin toxicity.
However, if the antibody-amanitin complex could be
removed by plasmapheresis begun soon after the injection
of the antibodies, the nephrotoxicity might be prevented.
In the latter case, the use of intact antibody would be
preferred over that of Fab fragments because it is confined
essentially to the plasma compartment {16].
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