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Research progress in microbial synthesis of eumelanin
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Abstract: Eumelanin, a natural biological pigment formed by the polymerization of 5, 6-
dihydroxyindole and its carboxylic acid derivatives, is ubiquitous in animals and microorganisms.
Its highly conjugated molecular structure confers multiple functional properties, including broad-
spectrum light absorption, antioxidant activity, free radical scavenging, and metal ion chelation,
making it a promising material for applications in biomedicine, functional coatings, and
environmental remediation. The conventional production of eumelanin relies largely on extraction

*Corresponding authors. E-mail: GAO Haijun, hj gao@bit.edu.cn; ZHANG Jing, hgxyzj@zzu.edu.cn
Received: 2026-01-20; Accepted: 2026-03-29; Published online: 2026-04-16



3682

YANG Xiaobing et al. | Acta Microbiologica Sinica, 2026, 66(8)

from animal tissue or chemical synthesis, which are constrained by limited raw materials and
uncontrollable product structures. Recently, microbial cell factory-based biosynthesis of eumelanin
has attracted increasing attention due to its environmental sustainability and structural
controllability. This review comprehensively summarizes the biosynthetic pathways, strategies for
metabolic engineering and genetic engineering, analysis and characterization methods for
eumelanin, and discusses future perspectives for the application and development of microbial

eumelanin production.

Keywords: eumelanin; microbial synthesis; microbial cell factory; analysis and characterization
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Figure 1  Synthesis pathways of natural eumelanin and polydopamine. Tyr: Tyrosine; TYR: Tyrosinase; DOPA:
3,4-dihydroxyphenylalanine; DA: Dopamine; DQ: Dopaquinone; DAQ: Daquinone; LDQ: Leucodopachrome;
IQCA: 5,6-indolequinone-2-carboxylic acid; 1Q: Indole-5,6-quinone; DHICA: 5,6-dihydroxyindole-2-carboxylic
acid; DHI: 5,6-dihydroxyindole; TRP-1: Tyrosinase-related protein 1; TRP-2: Tyrosinase-related protein 2; PDA:
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Table 1 Microbial synthesis of eumelanin

Microorganism Medium Extra addition ~ Cultivation Production/ References
of tyrosine time/d (g/L)

Stachybotrys sp. HSS-1 Tyrosine fermentation medium Yes 7 11.56 [4]

Streptomyces lasalocidi Tyrosine agar medium Yes 14 0.14 [20]

NTB 42

Streptomyces lasalocidi Liquid medium containing tyrosine Yes 10 3.74 [21]

NTB 42

Corynebacterium Corynebacterium glutamicum medium XII  No 3 1.03 [22]

glutamicum expressing gene  without 3-(N-morpholino)propanesulfonic

DrRs acid

Escherichia coli expressing M9 medium No 5 3.22 [23]

gene melA

Escherichia coli BL21(DE3) M9 medium Yes 0.5 0.12 [24]

expressing gene melC

Escherichia coli expressing M9 glucose medium No 1 7.57 [25]

gene tyrl

Gluconacetobacter Glucose-yeast extract fermentation media  Yes 16 Not [26]

tumulisoli FBFS 97 reported

Pseudomonas koreensis Molasses waste medium Yes 3 5.50 [27]

UIS 19

Pseudomonas stutzeri DOPA-containing liquid medium Yes (DOPA) 1 0.12 [28]

SGM-1

Streptomyces nashvillensis ~ Glucose elemental medium version III No 4 7.90 [29]

nitrogen-modified medium
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Figure 2 Metabolic pathway of engineered Escherichia coli for eumelanin synthesis. Glu: Glucose; GalP:
Galactose permease; GIK: Glucose kinase; PTS: Phosphotransferase system; PtsG: Glucose-specific PTS
transporter; TktA: Transketolase I; TalB: Transaldolase; PykF: Pyruvate kinase; AroG™: Feedback-resistant
variant of 3-deoxy-D-arabino-heptulosonate-7-phosphate synthase; AroB: 3-dehydroquinate synthase; AroD:
AroE: Shikimate AroK: Shikimate AroA:

S-enolpyruvylshikimate-3-phosphate synthase; AroL: Shikimate kinase; TyrR: Tyrosine transcriptional repressor;

3-dehydroquinate  dehydratase; dehydrogenase; kinase;
PheA™: Feedback-resistant variant of chorismate mutase/prephenate dehydratase; TyrA™: Feedback-resistant
variant of chorismate mutase/prephenate dehydrogenase; TyrB: Aromatic amino acid aminotransferase; TrpE:
TCA: Tricarboxylic acid cycle; PEP:
Phosphoenolpyruvate; E4P: Erythrose-4-phosphate; G6P: Glucose-6-phosphate; F6P: Fructose-6-phosphate;
FBP: Fructose-1, 6-bisphosphate; GAP: Glyceraldehyde-3-phosphate; RuSP: Ribulose-5-phosphate; X5P:
Xylulose-5-phosphate; S7P: Sedoheptulose-7-phosphate; DAHP: 3-deoxy-D-arabino-heptulosonate-7-phosphate;
SA: Shikimate; CHA: Chorismate; PRE: Prephenate; PPA: Phenylpyruvate; 4HPPA: 4-hydroxyphenylpyruvate;

Phe: Phenylalanine; Tyr: Tyrosine; Trp: Tryptophan.

Anthranilate  synthase component [; TYR: Tyrosinase;
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Figure 3  Application of eumelanin.
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