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1. Supplementary Methods
1.1 Structural prediction and molecular docking
Three-dimensional protein structures were predicted based on amino acid sequences using AlphaFold2. Enzyme-substrate docking simulations were performed using AutoDockTools 1.5.7 (Scripps Research, San Diego, CA) to analyze the interactions between the enzyme and substrate. Among the generated docking results, the model with the lowest binding energy was selected as the final structure. The three-dimensional structures of the enzyme and ligand were visualized and analyzed using PyMOL (version 4.6.0; Schrödinger, Inc., New York, NY, USA).

1.2 NMR spectroscopy

1H NMR spectra were recorded on a Bruker Avance III HD 700 MHz spectrometer equipped with a cryogenic probe at the Korea Basic Science Institute. Samples were dissolved in DMSO-d₆ and analyzed at 25 °C. Chemical shifts (δ) in the 1H NMR spectra were referenced to the methyl signal of acetone at 2.05 ppm. All spectra were processed using MestReNova software.
2. Supplementary Tables
Supplementary Table 1. Primers used in this study
	Name
	Sequence (5 → 3)
	Description

	YlF1_F
	TATACATATGGCTAGCATGTCTGACGACAAGCAC
	FAO cloning

	YlF1_R
	TATAGCCGCGATTCGAGGTCGGAGATC
	

	CtF1-F
	TATACATATGATGGCTCCATTTTTGCCC
	

	CtF1-R
	TATAGCGGCCGCCAACTTGGCCTTGGTCTTC
	

	CsF-F
	TATACATATGATGTCAGTAGACTTTAGTG
	

	CsF-R
	TATAGCGGCCGCTTAAAGACGTGCACGG
	

	CsFco-F
	TATAATCAATCCATATGTCCGTTGATTTTTCCGAAAAC
	

	CsFco-R
	TGTTGGATAGCTCGAGCTACAATCTGGCTCTATTTTCTTCCTT
	

	GAPp-F
	ATTGGGCCCAGATCCTGCAGAACGTGGTATGGTTGTAAGAAACATATTG
	FAO cassette
construction

	GAPp-R
	AAATCAACGGACATATGTGTTTAAATTCTTTAATTGAGGGATGTGATGTAATTAATTGAG
	

	hisG-F
	TCGCGGCCGCCAGACCGGTTCAGACAGG
	

	hisG-R
	GCGGATCCGGAGGTGCGGATATGAGGTAG
	

	URA3 HR-F1
	CTATAGGGCGAATTGGGCCCGTTAACATTGGCAACCACACGCTTTT
	URA3 cloning

	URA3 HR-R2
	GTTCTGCAGGATCTGACGATACAGATCACCAAGTCTATAAACTAATAAT
	

	URA3 HR-F3
	CCGCACCTCCGGATCCGCGTAGTATCTCAACAACAACAACTTG
	

	URA3 HR-R4
	TATGCATCCAACGCGTGTTAACCAGATTGATTAAAAAGAGCAATTGCAAGAT
	

	URA3 out-F
	CATTTCTACCAGTGCTTGGCT
	Cassettes 
insertion confirmation

	CsFco mid-R
	
GTCTGAAACCTCTGTTATCTCTAGTGG

	












Supplementary Table 2. Sequence of codon-optimized CsFAO for C. tropicalis.
ATGTCCGTTGATTTTTCCGAAAACCAATGGAGAACTATTGAAGCCTTGTCAGACGCCTACATCCCAGCTATCGAATTGTTGCAAGTCGATTCCTTGTTGCAAGACGTTACCCCAGAATTGAGATCCGTTGTTGCTCAAAAGACCACTAGAGATAACAGAGGTTTCAGACAAAACGTTTCCACCGCTTTGTCTCAAGCCTCCGAATCTAACACTAGATTGTTTAAATTGGTTATTGCTATCTTGTCCAGAAGAACCTTGGCTGTTCCAATTACTCACTCTTTCAAGTTGTTGTCCGAAATGTCTATCGATGAAAGAACTCACTTCATCATGTCCTTGAGAGACGCTAAGATCGCTCCATTGAGATCCTTGTACAGAGCTTTGTTGGATTTGTCCATGATTGCTTTCTTTTACTCTGACGAAAAGTTGTTGGAAGGTTTGGGTTACAAATTCGACAGAGCTAACGCTGCTAGATTCGCTGAACAACCATTTTGGGAAGTTCCAATCGAAGCTGCTCCAAAAGATCAATCCACCTGGAGAATTGAAACTGACGTTGTTGTTATCGGTTCCGGTTCTACCGGTGGTGTTATTGCTAACAGATTGGCTAAGGAAGGTTTTAGAGTTTTGATCTTGGAAAAGGGTGACCAAATCAGACCATCCGACTTGGGTAAATCTGATTTGGTTACTGACTCCAGAATCTACGAATTGTCTAACAAGATGATGTCCACCGATAAATCTATTAACATCGTTGCTGGTTCCACTGTTGGTGGTGGTGCTGCTATTAACTGGTCCTGTTCTTTGAGATTGCCATTCGCTGTTAGAAGACAATGGGCTGCTGACGGTGTTCCATGGGCTACCTCTACTTTGTTTGATGACGCTCAAGATTACGTTTGGAAGAAAATGGGTACCACTTACGACTACGGTGAACACTCCTTCACCAACCAATTGATCTTGGATGGTTCTAAGAAATTGGGTTACCCAGCTGCTCCAACCGGTCAAAACACTGGTGCTCACATTCCAAACACTGTTTTTCAAGGTTACGGTTACAGATACGGTGAAAAGGGTGGTGTTGTCAACTGGTTGTACGAAGCTGTTCAAAACGGTGCTAAAGTTATTGATAGATGTCAAGTTGTTAGAATCAGACACAACAGAGGTAAAGCCTCCGGTGTTGAAGCTGTTGTCAACGACGGTACCAAGTTGGTTGTCAACGCTAAAAGAGTTGTTTCCTGTTGTGGTTCTTTGCAAACTCCAATCTTGTTGAAGAGATCCGGTTTCAAAAACAAGAAAATTGGTGACGGTTTGAAATTGCACCCAGTTACCTGTGTTTACGGTGACTTTGACGAAGTTGTCAACAAGGAATCCGATACCATCATGACTTCTGTTTGTGTTGAAGATGACAACTTGGACGGTGAATTTCACGGTCCAAGAATTGAAGCTATCCACCACTTGTTGCCATTGACCTTGAAATTTTTGCCATGGTACAACGGTGAATCCTACAGAAAGATTTGTGCTAGATACAAACACTTGTCTGCTTTGTTGATTTTGACTAGAGATAAGGGTGCTGGTAAAGTTATCTACAACAAGAACGACCCAATGACCCCAACTATTGAATACACCCCATCCAAGTTCGATTTGGACGCTTTGAGAAAAGGTGCTTTGACTGGTGCTAACTTGTTGTACATTCAAGGTGCTAGAAGAATCTACATGCCACACTACTCTATCCCAATGTTTGAATCCGATAAGCCAGCTTCTGAAAGAAGATTGGCTGATGCTGACTACCAAGCCTGGTACGCTAACGCTGAAACCGTTGACTTCGAAATTTTTAAAGTTGGTACTGGTTCCGCTCACCAAATGGCTTCCTGTAGAATGTCTAACAAGGGTCCACAATTCGCTCCAGTTGATGAAAGAGGTAGATTGTACGAATGTCCAAACGTTCACGTTGTTGACACTTCTGTTTTTCCATCCGCTTCTGGTGTCAACCCAATGATTTCCTGTATGTCTGTTGCTCAAGTTTTGGGTGGTTTCTTGGTTGAAGAATTGAGAAAGGAAGAAAATAGAGCCAGATTGTAG







Supplementary Table 3. Raw data for Figure 2b (Formation of DDDA from 10 mM 12-HFA using resting E. coli cells expressing FAO1s from Yarrowia lipolytica, Wichermyces sorbophila, and C. tropicalis) 
	Strain
	1,12-dodecanedioic acid [mM]

	BW25113
	       0

	YIFAO1
	0.687

	WsFAO1(CsFAO1)         
	6.117

	CtFAO
	0.851



	



 3. Supplementary Figures

[image: ]Supplementary Figure 1. Protein tertiary structure analysis and substrate docking. This figure shows the results of the tertiary structure analysis of the protein and its interaction with the substrates. (a) Tertiary structure of WsFAO and its substrate-binding site. (b) Docking of FAD and 12-HFA. (c) Docking of FAD and 1-dodecanol. (d) Amino acid residues constituting the substrate access pathway of the enzyme. The key amino acid residues constituting the substrate access path are TRY 245, GLY 249, and LEU 261. The docking analysis indicates that 12-hydroxydodecanoic acid is positioned in proximity to the FAD cofactor, supporting the high catalytic activity of WsFAO1 toward ω-hydroxy fatty acids.
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Supplementary Figure 2. Comparison of ¹H NMR spectra of authentic and purified DDDA. (a) Spectra of authentic DDDA. (b) Spectra of purified DDDA. The purified DDDA exhibited identical characteristic proton signals to those of the commercial standard, confirming its molecular structure. 
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