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*1. BHoBERENRERE

Table 1. Isolated estrogen-degrading bacteria

Phylogenetic ~ Name Degradation ability Concentration Degradation Time/h References
affiliation and mechanism rate/%
Alpha- Sphingomonas sp. ED8 El, E2 E2: 0.8 mg/4mL  100.0 120 [1]
proteobacteria E1: 0.8 mg/4mL  90.0 120
Sphingomonas sp. KC8 El, E2 E1: product 100.0 72 [10]
E2: 3 mg/L 100.0 24
Sphingomonas sp. CYH El, E2 E2: 500 pg/L 100.0 48 [11]
E1: 500 pg/L 100.0 48
Novosphingobium tardaugens E1,E2, E3 E3: 10 mg/30 mL  100.0 240 [12]
ARI-1
Phyllobacterium El, E2, E3, El:3.2 mg/L 99.0 24 [2]
myrsinacearum BP1 co-metabolism EE2
Brevundimonas diminuta 1 El, E2, EE2 E2:3.5mg/L 100.0 24 [13]
El: 2 mg/L 95.0 96
EE2: 3 mg/L 99.0 360
Beta- Ralstonia pickettii BP2 El, E2, E3, E2: 2.3 mg/L 100.0 48 [2]
proteobacteria co-metabolism EE2
Ralstonia sp. picketii El, E2 100.0 72 [14]
Achromobacter xylosoxidans E1, E2 E2: 1.5 mg/L 100.0 3
Gamma- Pantoea agglomerans ES1 EE2 EE2: 10 mg/L 97.0 288 [15]
proteobacteria Pseudomonas  citronellolis E1, E2, EE2 El: 2 mg/L 99.0 36 [16]
SS-2 E2: 2 mg/L 99.0 36
EE2: 4 mg/L 93.6 168
Phyllobacterium El, E2, E3, El: 3.6 mg/L 99.0 24 [2]
myrsinacearum BP3 co-metabolism EE2
Pseudomonas aeruginosa TI1 E2 E2:5-15 pg/L 100.0 2 [17]
Firmicutes Virgibacillus halotolerans E1, E2 E2: 5 mg/L 100.0 504 [18]
LF1 E1l: product 100.0 768
Bacillus flexus LF3 El, E2 E2: 5mg/L 98.0 768
Bacillus sp. E2Y1 El,E2 E2: | mg/L 100.0 144 [19]
Bacillus sp. E2Y2 E2 E2: | mg/L 100.0 96
Bacillus sp. E2Y4 El,E2 E2: | mg/L 100.0 144
Actinobacteria Rhodococcus equi Y50155 El, E2, E3, EE2 E2: 100 mg/L 99.0 24 [3]
E1l: 100 mg/L 99.0 24
E3: 100 mg/L 72.0 24
EE2: 100 mg/L 80.0 24
Rhodococcus equi Y50156 El, E2, E3, EE2 El: 100 mg/L 99.0 24
E2: 100 mg/L 99.0 24
E3: 100 mg/L 95.0 24
EE2: 100 mg/L 96.0 24
Rhodococcus zopfii Y50158  El, E2, E3, EE2 El: 100 mg/L 100.0 24
E2: 100 mg/L 100.0 24
E3: 100 mg/L 100.0 24
EE2: 100 mg/L 100.0 24
Rhodococcus rubber KC4 E2 E2: 3 mg/L 99.0 24 [4]
Rhodococcus equi El,E2, E3, EE2 E1: 30 mg/L 100.0 96 This study
DSSKP-R-001 E2: 30 mg/L 100.0 96
E2: 30 mg/L 90.0 96
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® 2. AKERMERERIEREE X
Table 2. Estrogen degradation related enzymes of Rhodococcus sp.
Categories Abbreviation Encoding gene Name References
Dehydrogenase HSD hsd 3-hydroxysteroid dehydrogenase/5-4 isomerase [27]
hsd4A 17-hydroxysteroid dehydrogenase [28]
3a-hydroxysteroid dehydrogenase [29]
KSTD ksdD 3-indolone Al-dehydrogenase [28]
kstD1 3-indolone Al-dehydrogenase
kstD2 3-indolone Al-dehydrogenase [30]
kstD3 3-keto-5-steroidal Al-dehydrogenase
Hydroxylase/ KSH kshA 3-ketosteroid 9a-hydroxylase oxygenase component
Monooxygenase kshB 3-iketosteroid 9a-hydroxylase [31]
Hsa hsaA Flavin-dependent monooxygenase [31-32]
hsaB Flavin-dependent monooxygenase [28, 31]
Cyp Cyp 450 Cytochrome P450 [33]
cypl25 Member of the cholesterol catabolic gene cluster [34]
Dioxygenase hsaC 2,3-dihydroxybiphenyl 1,2-dioxygenase [28]
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(1432 i FUB BRI 3L R 395 A4S, kA AR E )
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R3. WEHERMEBREERBRE
Table 3.  Genomic characteristics of estrogen-degrading bacteria
Name Total sequence Contig GC Total number CDS Coding Coding gene References
length/bp N50/bp content/%  of Chr and Pla gene in COG in KEGG
Pseudomonas putida 5551505 79005 62.25 1 4915 4408 - [35]
SJTE-1
Sphingomonas sp. KC8 4074265 142404 63.70 1 3950 3531 - [36]
Altererythrobacter 3668441 339753 60.00 1 3475 — - [37]
MH-B5
Pseudomonas 7309421 67.04°H 2 6756 — - [38]
citronellolis SJTE-3 370338 Pl 56.57M _ _
Acinetobacter 3132860 18130 41.64 1 2963 2174 1770 [18]
DSSKY-A-001
Rhodococcus 5438826 5252360 68.72 3 5180 3736 2590 This study
DSSKP-R-001
Rhodococcus sp. P14 5669990 23966 70.42 1 5501 — - [39]
Rhodococcus sp. RHA1 9702737 - 67.00 4 9145 — - [40]
Comamonas 5415699 250929 61.48 1 4985 — - [41]
testosteroni
ATCC 11996
Novosphingobium sp. 3660000 - 62.44 4 3532 — - [42]
Cholll
Burkholderia sp. 7570308 82290 66.90 1 8632 6487 6931 [43]
CQO001

Chr: Chromosome; Pla: Plasmid.
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Figure 1. Biodegradation pathway of E2 by five representative strains of Proteobacteria.
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Biodegradation pathway of E2 by the representative flora of activated sludge.
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Figure 4. Biodegradation pathway of EE2 by three typical microalgae.
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Microbial degradation of environmental estrogens
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Abstract: Estrogens are major substances of environmental endocrine disruptors, and biodegradation is the most
economical, greenest and most suitable method to remove them. We elaborated the research status and progress of
estrogen biodegradation by analyzing the major sources and hazards of estrogen, the isolation and identification of
estrogen-degrading bacteria, the expression and detection of steroidal estrogen-degrading enzymes, the genomics
study of estrogen-degrading bacteria and the estrogen degradation pathways. We also address future works of

biodegradation of environmental estrogens.
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