
No. Species Metol, U mL
-1 [a] Ferbamine

1 Clitocybe nebularis 2.55 +++

2 Macrolepiota procera 4.80 +++

3 Clitocybe nebularis 9.00 +++

5 Ganoderma lucidum 1.05 ++

6 Cortinarius vioalceus 5.25 +

9 Cortinarius caperatus 0.83 +++

15 Tricholoma tigrinum 1.65 +

16 Macrolepiota rachodes 0.00 +

18 Pleurotus ostreatus 0.75 +

20 Pleurotus ostreatus 0.45 +

24 Amanita excelsa 0.00 +

35 Clitocybe geotropa 0.68 +

36 Russula alutacea 0.45 +

39 Psilocybe cubensis 5.40 +++

47 Anthurus archeri 0.75 +

53 Pleurotus eryngii 2.70 +++

55 Gymnopilus penetrans 0.90 +

59 Clavariadelphus pistillaris 0.60 +

62 Amaníta vagináta 0.83 +

66 Tricholoma saponaceum 1.50 ++

67 Rhodocybe gemina 1.65 +

69 Cortinarius multiformis 0.30 ++

INVESTIGATION OF STABILITY AND TOXICITY OF THE NOVEL AROMATIC AMINE FOR LACCASE ACTIVITY SCREENING ON HIGH-THROUGHPUT AGAR PLATES

Introduction: Laccase is a blue multi-copper oxidase (EC 1.10.3.2), with four copper
ions divided to three distinct copper complexes (T1, T2, T3). It catalyze an oxidation
of phenols, aromatic amines and thiols by using oxygen as a co-substrate and
produce water as a by-product (Fig 1).[1] This catalysis process has potential to be
used in food, textile, paper, biofuel, cosmetics, paints, furniture industries and
organic synthesis, nanobiotechnology and bioremediation.[2] In this study we present
a new substrate applied for laccase functional analysis.
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Workflow of the study for Ferbamine stability, applicability for laccase activity assays and toxicity:

Fig 1. Simplified laccase catalysis 
mechanism[2]

Conclusions:
•The stability of Ferbamine was highest in H2O and pH 4.0 buffer solutions, medium in pH 3.5, 5.0 and 6.0 solutions and
lowest in pH 7.0 and 8.0 solutions. The stability was highest at 20 °C and decreased in higher temperatures (30 and 37 °C).
•Ferbamine and metol results showed a moderate correlation and similar range of sensitivity.
•Out of 70 fungi protein extracts, 6 samples showed significant laccase activity, 3 – moderate, 13 – perceptible and 48 –
no or undetectable activity.
•Ferbamine did not affect E. coli DH5α growth. Unfortunately, yeasts (K. marxianus, K. lactis, S. cerevisiae and P. pastoris)
growth was inhibited by even 0.1 mM of Ferbamine.

III. Results on the study of Ferbamine toxicity for bacteria and yeasts: E. coli DH5α growth on 0.83 mM Ferbamine plate
(Fig. 4); K. marxianus growth dependance on Ferbamine concentration (0-0.83 mM) and incubation time (24-168 h)
(Fig. 5). Parallel experiments were performed with K. lactis, S. cerevisiae and P. pastoris – growth results were analogues
to K. marxianus (not shown).

Fig 3. The results of screening for laccase activity in 70 samples of
wild fungi protein extracts on 0.83 mM ferbamine-agar plates

Fig 5. Ferbamine concentration influence on the growth of K. marxianus
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Synthesis of the substrate: Ferbamine was synthesized using two-step synthesis from N,N-dimethyl-p-phenylendiamine dihydrochloride
(DMPD•2HCl).[3]

II. Screening results of laccase activity in the collection of wild fungi
protein extracts (70 samples) provided by Jožef Stefan institute (Fig. 3).
Evaluation was classified into three activity ranks: +++ – significant; ++
– moderate; + – perceptible. Undetected activity results were not
included. Spectrophotometric activity assay with metol was used as a
reference and a quantitative comparison.
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Analysis of Ferbamine pH and thermal stability: 1 mM Ferbamine stock solution was diluted by ratio 1:5 with 60 mM Na-phosphate buffer
(pH 3.5-8.0) or H2O (Fig. 2). Prepared solutions were incubated at 20, 30 and 37 °C. UV-Vis spectrums (380-750 nm) of solutions were
measured every week. Ferbamine stability was evaluated by calculating percentage of remaining absorption at λmax after 5 weeks (A5w) by
Eq (1).

𝑺𝒕𝒂𝒃𝒊𝒍𝒊𝒕𝒚 = 𝟏 −
𝑨𝟎𝒘−𝑨𝟓𝒘

𝑨𝟎𝒘
∗ 𝟏𝟎𝟎 % Eq (1)

I. Results of Ferbamine thermal and pH stability. Ferbamine-phosphate buffer and H2O solutions were incubated for
5 weeks. Wavelength of absorption maximum for the solutions depended on pH and were between 540 and 566

nm. [a] Ferbamine-H2O solution pH was 5.7. [b] Ferbamine has precipitated after the 1st week of incubation.

Fig 4. E. coli DH5α after 18 h incubation 
on 0.83 mM Ferbamine plate

E. coli DH5α was fully grown after 18 h incubation on the
highest (0.83 mM) Ferbamine concentration (Fig. 4).

Stability evaluation legend:

100-80  High

80-60  Medium

<60  Low

pH
T, °C

86 82 88 80 69 64 29

98 75 85 71 85 45 28

95 68 78 73 79 39 30
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[a] 1U = 1 μmol metol oxidized per 1 min, at pH 5.0 and 20 °C.


