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Establishment of a New ELISA System for Measuring the
Concentration of the Mushroom Toxin g -Amanitin

Kohki Okada', Shuji Ushijima’, Atsuhisa Fukuda’ and Hitoshi Takeshita"

Summary a-Amanitin (AMA) is a lethal toxin produced by Amanita virosa. In this study, we
established a new Enzyme-Linked Immuno Sorbent Assay (ELISA) to assess AMA
concentration, and evaluated whether this assay allowed detection of AMA from Amanita virosa
extracts and other biological samples. The ELISA using H12D6 and C2C4 monoclonal antibodies
(H12D6-C2C4 ELISA) showed a good calibration curve with high correlation between the
concentration of AMA and the absorbance. In this ELISA, we determined the concentration of
AMA diluted in PBS with high accuracy and precision. However, when the AMA concentration in
urine was measured, we had to correct the effect of interference components in the samples. While,
by this ELISA, we could detect and quantify AMA from Amanita virosa extracts, but not from
other mushrooms. In conclusion, H12D6-C2C4 ELISA may be used to detect and quantify AMA

from urine samples and Amanita virosa extracts.
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Fig. 1 Acquisition and identification of Amanita virosa

To evaluate whether mushroom extract AMA concentration may be

quantified using a novel ELISA, we obtained specimens of Amanita virosa

(A. virosa) (Panel A, AV1-5) and five other species of mushroom (Panel
B, 0S1-5) from the Tottori Mycological Institute (Tottori). A 3 % KOH
test was performed on all mushrooms, yielding a positive reaction (yellow,
indicated by the red arrow) (Panel C). OS-1: A. volvata, OS-2: A.
spissacea, OS-3: A. pantherina, OS-4: A. citrina, OS-5: A. cheelii.
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Fig. 2 Design of a non-competitive ELISA platform

To accurately measure AMA concentrations in samples, a novel non-competitive

ELISA platform was designed. A set of three monoclonal antibodies (H3EI,
C2C4, and H12D6) with distinct AMA epitope specificities was selected, and

performance of each as a primary (antigen-capture) or HRP-conjugated

secondary (antigen detection) antibody was evaluated. In the presence of

H202, HRP reacts with o-phenylenediamine to produce a yellow color. The

reaction was terminated by addition of 1N sulfuric acid, and absorbance at 490

nm was measured using an iMark microplate reader (Bio-Rad Laboratories) .
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Fig. 3 Quantification of AMA based on HRP activity in each ELISA reaction
ELISA assays were carried out using H-type plates, each coated with 2 u g/mL of the candidate primary antibody
of interest (H3E1, C2C4, or H12D6). Per primary antibody type (e.g. H3E1), the remaining two antibody types (e.g.
C2C4 or HI2D6) were added as HRP-conjugated candidate secondary antibodies, followed by HRP-dependent
colorimetry. Columns A-F demonstrate results of ELISAs using H3E1, C2C4, and H12D6 as primary antibodies
(combinations: H3E1-C2C4-HRP, H3E1-H12D6-HRP, C2C4-H3E1-HRP, C2C4-H12D6-HRP, H12D6-C2C4-HRP,
and H12D6-H3E1-CRP). Within each column, lane 1 represents the first eight steps (rows I-VIII) and lane 2
represents the next seven steps (rows I-VII) of 15 two-fold serial dilutions of the AMA standard (1,000-0.061 u
g/mL) , using 10 mM PBS as the diluent and blank (0 uz g/mL. AMA; lane 2, row VIII) . Each experiment was

repeated in quintuplicate.
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Fig. 4 Calibration curves of each ELISA for all antibody pairs, based on the correlation between AMA concentration and
absorbance
Blank-subtracted absorbance means * standard deviations were plotted against AMA concentration in order to
construct calibration curves for each antibody pair: H3E1-C2C4-HRP (A) , H3E1-HI2D6-HRP (B) , C2C4-
H3EI-HRP (C) , C2C4-HI2D6-HRP (D) , H12D6-C2C4-HRP (E) , and HI2D6-H3EI-CRP (F) . In each
graph, the x-axis indicates AMA concentration (1.953-1,000 u g/mL) and the y-axis indicates absorbance at 490
nm. Spearman’ s rank correlation formula and resulting correlation coefficients (R-values) are indicated on each
graph; an R-value between 0.5 and 1.0 indicates good correlation. Here, the best correlation (R = 0.998) was
obtained when using HI2D6 as the primary antibody and C2C4-HRP as the secondary antibody (H12D6-C2C4
ELISA) (E).
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Fig. 5 Reproducibility of H12D6-C2C4 ELISA AMA quantification results within different biological matrices
The novel assay was used for ten simultaneous measurements of equivalent AMA concentrations (100 x4 g/mL)

within different biological matrices. Columns indicate verification of H12D6 and C2C4-HRP mediated detection of
AMA in 10 mM PBS (A) , urine (B) , and serum (C) . Within each column, lanes 1 and 2 (rows I-V)
represent ten replicates (100 u g/mL AMA) , while lanes 1 and 2 (row VI) represent blanks (equal volumes of

10 mM PBS) . Measured AMA values were most accurate in PBS and least consistent as well as least accurate

(over-estimation of AMA concentration) in serum; urine resulted in consistent measurements but slight under-

estimation of AMA concentration (D) . In each graph, the x-axis indicates biological matrix (10 mM PBS:

circles, urine: squares, and serum: diamonds) and the y-axis indicates measured AMA concentration (x4 g/mL) .

Dotted lines indicate the average of measurements.

Table 1 Measurement performance of H12D6-C2C4 ELISA, in case of
the calibration curves based on measuring PBS dilution series
Solvents
PBS Urine Serum
Average (pg/ml) 91.45 53.12 480.35
SD 9.13 6.69 73.97
CV (%) 9.98 12.60 15.40
Recovery (%) 91.50 51.80 217.60 (n=10 each)

SD; Standard Deviation, CV; coefficient of variation, PBS; phosphate

buffered saline
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on measuring urine or serum dilution series

RO HEREL IS DX NRE N7 (Fig. Solvents
6Band D)o TN HMEMMICIED &, O TR Urine Serum
LI 0100 4 g/mL AMAD L0 IE 12 B1F  Average (ug/mi) 2049 852
LEEAHEB LA, ZNENFHMHEIE SD 7.80 29.92
90.49 u g/mL, 85.52  g/mLT & - 7= (Fig. 6E), V%) 8.02 3499
KEEO R & ML7E T AMAD 1052 1- 813 5 Recovery (%) 86.41 64.86 (n=10 each)
A B
H12D6-C2C4
ELISA ~ 1 T
Urine [Serum E 0.8 C !
S
~ 06 !
8
E 04
E o2 +/ ‘F// % 200
< :l . 14 * xA(0.54355) R=[.99493 2 E
0 200 400 600 800 1000 1200
2 Z 150
2 [p! Z
= D | | 3 3
g 15 2 o %00
= £ 100 et -
= = Rt e RS
S g o®
g T HE)
£ ] 2
2 1] g
=
< o ——y=0.3128 * kA(0.14§87) R=0.46749 = 0
0 200 400 600 800 1000 1200 Trine Seram

AMA concentration (pglml)

The concentrations of AMA (ug/ml)

Fig. 6 Reconstruction of calibration curves to improve accuracy of H12D6-C2C4 ELISA AMA quantification in urine and

serum

To adjust for interfering substances present in urine and serum, new calibration curves were constructed (as already
described for PBS) for urine (A) and serum (B), based on seven serial two-fold dilutions of AMA (1,000-15.63

u g/mL; rows I-VII), using each biological matrix type as the diluent. Equal volumes of each diluent were used as

blanks (row VIII). Resultant calibration curves for urine and serum are provided in panels C and D, respectively.
Blank-subtracted absorbance means * standard deviations were plotted. In these graphs, the x-axis indicates AMA
concentration (15.63-1,000 u g/mL) and the y-axis indicates absorbance at 490 nm. Spearman’s rank correlation
formula and the resulting correlation coefficients (R-values) are indicated on each graph. Here, an excellent
correlation (R = 0.995) was obtained for urine, but that for serum (R = 0.467) indicates only moderate
correlation. Reproducibility of H12D6-C2C4 ELISA AMA quantification in urine and serum was re-evaluated using
the new calibration curves, via ten simultaneous measurements of AMA concentration (100 u g/mL) within these
biological matrices (as already described) (E). In each graph, the x-axis indicates biological matrix (urine:
squares, serum: diamonds) and the y-axis indicates AMA concentration ( u g/mL). Dotted lines indicate the

average of measurements. The average of measured AMA values relatively reflects actual AMA concentration in

both biological matrices, although measurements remain somewhat inconsistent within serum.
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Fig. 7 Using the novel H12D6-C2C4 ELISA to quantify AMA concentration in mushroom extracts
Extracts of each mushroom anatomical part (pileus, stipe, and volva) were prepared from Amanita virosa (AV1-5)

and other species (OS1-5, see Materials and Methods) . The volva of OS-5 were sampled from the lowest part of

the stipe (approximately 5 cm) . Which wells correspond to which extracts are indicated in panel A, including

blanks (10 mM PBS; lane 2, row VIII) . The ELISA, colorimetry, and calculations were performed to quantify

AMA in extracts of A. virosa (B) and other species (C) (as already described) , repeating each experiment in

quintuplicate. Measured AMA concentrations (D) and total content (E) indicate the presence of AMA in A.

virosa (with the highest levels in pileus extracts) , but not in other tested species. In these graphs, the x-axis

indicates extract type (pileus, stipe, or volva) of A. virosa (closed circle, square, and diamond, respectively) or

other species (open circle, square, and diamond, respectively), and the y-axis indicates AMA concentration ( u g/

mL/g) or content ( u g). Dotted lines indicate the average of measurements.
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Fig. 8 Validating performance of the H12D6-C2C4 ELISA by comparison with the current AMA detection method

(Meixner test)

Performance of the HI12D6-C2C4 ELISA was compared to that of the Meixner test. All experiments were performed

in triplicate. First, the Meixner test was applied to 10 mM PBS, urine, and serum (Panel A) containing AMA at a

concentration of 200 x g/mL (upper row) or 0 u g/mL (lower row; NC: negative control)
test was applied to extracts of AV1-5 (Panel B, upper row) and OS1-5 (Panel B, lower row)

. Next, the Meixner
, including an NC

consisting of an equivalent volume of 10 mM PBS and a positive control (PC) consisting of 200 u g/mL AMA in

an equivalent volume of 10 mM PBS. Finally, the Meixner test was applied to two sets of five two-fold serial
dilutions of AMA (200-12.5 u g/mL (Panel C) and 100-20 u g/mL (Panel D)) in 10 mM PBS (left) , urine (center)

, and serum (right)
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