Environmental Applications of Microorganisms Beyond Drug Discovery

1. Microbial Enzymes for Biofilm Removal

Biofilms are robust structures composed of microorganisms and extracellular polymeric substances (EPS) and are
difficult to remove by conventional cleaning. We are developing microbial enzyme-based technologies that
degrade EPS and remove biofilms while minimizing damage to equipment and materials.

Application Biofilm-related problems Aim of microbial enzyme use

RO & water-treatment membranes Biofouling, reduced permeability, pressure loss Restore membrane permeability; reduce chemical-induced membrane degradation

Heat exchangers Flow resiriction; reduced heat-transfer efficiency Cleaning with reduced equipment damage

Piping, cooling & circulating water systems  Binfouling and slime formation A complementary approach to chemical treatment
Scrubbers & exhaust-gas  Biofilm formation on packing materials Enzymatic removal of deposits; reduced cleaning labor and costs
treatment systems and piping

e &food-p Residual biofilms in tanks and piping Enzymatic cleaning to complement chemical cleaning

2. Black Yeast Melanin as a Functional Biomaterial

Microbially produced DHN melanin and allomelanin-like materials synthesized from 1,8-DHN have been reported
to exhibit diverse functions and applications, including adsorption, antioxidant activity, photoprotection, and
functional coatings.

© Demonstrated in an application-oriented material/device O Function experimentally demonstrated /\ Potential application proposed

Function / application Material Demonstrated in original studies Stage Representative reference
Metal-ion adsorption Natural fungal DHN-type / Cr(VI1) adsorption by fungal DHN-type melanin; Cu?*, Zn?, (Q  Medina-Armijo et al., 2024;
natural allomelanin/ and Fe** adsorption by natural and synthetic allomelanins Aman et al., 2026

synthetic 1,8-DHN

Dye adsorption Natural allomelanin / Adsorption of methylene blue and rhodamine B O Aman et al., 2026
synthetic 1,8-DHN

Water-treatment filter Synthetic 1,8-DHN pDHN-coated nylon membranes removed methylene blue © Lino et al., 2023
while maintaining membrane flow

Ammonia capture Synthetic 1,8-DHN Porous particles captured up to 17.0 mmol/g ammonia (O  McCallum et al., 2021

Microbial Chemistry Research Foundation BioJapan 2026 1



Environmental Applications of Microorganisms Beyond Drug Discovery

2. Black Yeast Melanin | Functions & Applications (continued)

© Demonstrated in an application-oriented material/device O Function experimentally demonstrated /\ Potential application proposed

Function / application Material Demonstrated in original studies Stage Representative reference
Hazardous-chemical adsorption  gynthetic 1,8-DHN Adsorption of an organophosphorus nerve-agent simulant (O  McCallum et al., 2021
Protective fabric Synthetic 1 ,8-DHN Coating on breathable fabric suppressed breakthrough of an organophosphorus simulant @ McCallum et al., 2021
Radical scavenging / antioxidantactivity  Natyra| allomelanin / Radical-scavenging activity demonstrated for natural O  Zhouetal, 2019; Aman et

synthetic 1,8-DHN allomelanin extracts and synthetic allomelanin-like materials al., 2026
UV / photoprotection Synthetic 1,8-DHN Broadband light absorption, light-enhanced radical scavenging, QO  Zhouetal, 2019;

and suppression of UV-induced ROS Petropoulos et al., 2025

Functional Coatings Synthetlc 1 ,8‘DHN Thick films formed on conductive substrates such as Auand Co-Cr; film thickness and swelling controlled © Ziegler et al., 2025

Antimicrobial surfaces Synthetic 1,8-DHN Electrodeposited 1,8-DHN films showed strong antimicrobial activity against two P. aeruginosa strains o) Ziegler et al., 2025

Free-standing functional films Synthetic 1,8-DHN Detachable free-standing films were fabricated ©  Zegleretal, 2025

Sensors energy catalysis Synthetic 1,8-DHN Applications proposed based on film-forming, redox, and optical properties A Ziegler et al., 2025
’ s )

& optoelectronics

* Synthetic 1,8-DHN refers to allomelanin-like materials obtained by chemical polymerization of 1,8-dihydroxynaphthalene (1,8-DHN). Their structure
Key Point and composition are not necessarily identical to those of natural fungal DHN melanin.

Most application-oriented studies to date have used materials chemically synthesized from 1,8-DHN.
Studies using natural fungal DHN melanin as a functional material remain limited.

We are investigating the production of natural DHN melanin by black yeast cultivation and its use as a
functional material.
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BELPMROBE &BL1,8-DHN B ) > R ERIIETRI & IR O McCallum et al.,, 2021
HEYSEET &A1,8-DHN BRMARAREL. G Y RELWIOBE & 15 ©  McCallum et al., 2021
ZI IR - gk RRTOXZ=V /8RR RRMETOATZVBLUBRTOX7ZVEMRIT7Y (O Zhou et al, 2019; Aman

1,8-DHN%R 11U ifETRAE & SE5E et al., 2026
UV - B3 &A21,8-DHN AN, $BATCOTYNILMER SLUUVEREIC (O Zhou et al, 2019;

5 ROSHIIHI & E=2F Petropoulos et al., 2025

e e ) AM1,8-DHN Au, Co-CrENEBITER INEBM, B - WESEHIE] ©  Ziegler et al, 2025
HUEAtERE AM1,8-DHN 1,8-DHNEBEEEA 24K DIRRE 138\ IEIME ©  Ziegler et al, 2025
B TUEBE T 1 L L &A21,8-DHN EiRH S AIBEFTRE L B IR & (R ©  Ziegler et al, 2025
tot— TXRILF— - EmR1,8-DHN BRI, BB - AP TR ICARERERE /\  Ziegler et al., 2025
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