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Supplementary Fig. 1. Main subfamilies and core skeletons of common flavonoids. Isoflavonoids
contain the common C6-C3-C6 flavonoid skeleton and are characterized by having the B-ring
connected at C3 rather than C2 position of the ring C, compared to other flavonoid subclasses
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Supplementary Fig. 2. Flowchart of yeast strain construction in this study.
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Supplementary Fig. 3. Characterization and comparison of metabolic enzymes for production of LIG.
a Genetic characteristics of generated yeast strains. For the source of selected plant genes: Ms,
Medicago sativa; Rs, Rhododendron simsii; Ha, Hypericum androsaemum; Ph, Petunia hybrida; Sb,
Scutellaria baicalensis; Ps, Paeonia suffruticosa. See Fig. 1 and 2 legends regarding gene details and
abbreviations of other plant species. b-c Production profiles of intermediates ISOLIG and LIG and by-
product NAG produced by yeast strains harboring different combination of biosynthetic enzymes 4CL,
CHS, CHR and CHI. Cells were grown in defined minimal medium with 30 g L glucose as the sole
carbon source, and cultures were sampled after 72 h of growth for metabolite detection. All data
represent the mean of n = 3 biologically independent samples and error bars show standard deviation.
The source data underlying figures b-c are provided in a Source Data file.
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Supplementary Fig. 4. Production profiles of yeast strains overexpressing different biosynthetic
genes encoding 2-HIS and HID. Titers of DEIN, its intermediates and by-products are shown. Cells were
grown in defined minimal medium with 30 g L™ glucose as the sole carbon source, and cultures were
sampled after 72 h of growth for metabolite detection. All data represent the mean of n = 3 biologically
independent samples and error bars show standard deviation. The source data are provided in a
Source Data file.
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Supplementary Fig. 5. Growth profiles of strains generated by engineering ER homeostasis. Cells
were grown in defined minimal medium with 30 g L glucose as the sole carbon source, and cultures
were sampled after 72 h of growth for OD600 measurement. Statistical analysis was performed by
using Student’s t test (two-tailed; two-sample unequal variance; *p < 0.05, **p < 0.01, ***p < 0.001).
All data represent the mean of n = 3 biologically independent samples and error bars show standard
deviation. The source data are provided in a Source Data file.
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Supplementary Fig. 6. Residual precursor p-HCA of engineered yeast strains. The p-HCA profiles of
strains generated by engineering heme metabolism (a), ER homeostasis (b) and the cofactor NADPH
generation (c) were measured. See Fig. 4 for more strain and gene details. Cells were grown in defined
minimal medium with 30 g L™ glucose as the sole carbon source, and cultures were sampled after 72
h of growth for metabolite detection. All data represent the mean of n = 3 biologically independent
samples and error bars show standard deviation. The source data are provided in a Source Data file.
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Supplementary Fig. 7. Production profiles of engineered yeast strains. Titers of DEIN, its
intermediates and by-products of strains generated by engineering heme metabolism (a), ER
homeostasis (b) and cofactor NADPH generation (c) are shown. See Fig. 4 for more strain and gene
details. Cells were grown in defined minimal medium with 30 g L glucose as the sole carbon source,
and cultures were sampled after 72 h of growth for metabolite detection. All data represent the mean
of n = 3 biologically independent samples and error bars show standard deviation. The source data
are provided in a Source Data file.



60+ W ISOLIG
LG

45 mm NAG

- w
w o
1 1

Titer (mg L)
o
1

Supplementary Fig. 8. Metabolic intermediates and by-product produced by strains 101 expressing
DEIN pathway under the control of inducible GAL promoters. Cells were grown in defined minimal
medium with 30 g L glucose as the sole carbon source and 10 g L' galactose as the inducer. Cultures
were sampled after 72 h of growth for metabolite detection. All data represent the mean of n =3

biologically independent samples and error bars show standard deviation. The source data are
provided in a Source Data file.
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Supplementary Fig. 9. Metabolic intermediates and by-product produced by strains expressing
fused enzymes E3 (GmCHSS8)-Linker-E4 (GmCHR5) and E4 (GmCHRS5)-Linker-E5(GmCHI1B2). Cells
were grown in defined minimal medium with 30 g L™ glucose as the sole carbon source and 10 g L*
galactose as the inducer. Cultures were sampled after 72 h of growth for metabolite detection. All
data represent the mean of n = 3 biologically independent samples and error bars show standard

deviation. The source data are provided in a Source Data file.
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Supplementary Fig. 10. Effect of 5-ALA supplementation on DEIN production and cell growth. The
production of DEIN (a) and optical density at 600nm (b) were measured. Cells were grown in defined
minimal medium with 30 g L glucose as the sole carbon source and 10 g L galactose as the inducer.
Cultures were were sampled after 72 h of growth for metabolite detection. Statistical analysis was
performed by using Student’s t test (two-tailed; two-sample unequal variance; *p < 0.05, **p < 0.01,
***p < 0.001). All data represent the mean of n = 3 biologically independent samples and error bars
show standard deviation. The source data are provided in a Source Data file.
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Supplementary Fig. 11. DEIN production of strains integrated with strategies altering NADPH
generation. See Fig. 4 for more strain and gene information. Cells were grown in defined minimal
medium with 30 g L glucose as the sole carbon source and 10 g L' galactose as the inducer. Cultures
were sampled after 72 h of growth for metabolite detection. Statistical analysis was performed by
using Student’s t test (two-tailed; two-sample unequal variance; *p < 0.05, **p < 0.01, ***p < 0.001).
All data represent the mean of n = 3 biologically independent samples and error bars show standard
deviation. The source data are provided in a Source Data file.
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Supplementary Fig. 12. Glucose release profile of FeedBeads in defined minimal medium. Six tablets
of FeedBeads (FB), a slow release system for glucose, were placed in a 125 ml non-baffled flask
containing 15 ml minimal medium and incubated at 30 °C with an agitation rate of 220 rpm. 50 ul
cultures were removed from the flask at indicated time points for quantification of glucose
concentration. All data represent the mean of n = 3 biologically independent samples and error bars
show standard deviation. The source data are provided in a Source Data file.
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Supplementary Fig. 13. Phenotypes of strain 125 under cultivations with different modes of carbon
source supply. See Fig. 6 for more strain details. The production of DEIN, intermediates and by-
products (a) and optical density at 600nm (b) were measured. Cells were grown in defined minimal
medium with 30 g L' glucose (Batch) or six tablets of FB as the sole carbon source and 10 g L galactose
as the inducer. Cultures were sampled after 72 h (Batch) or 90 h (FB) of growth for metabolite
detection. Statistical analysis was performed by using Student’s t test (two-tailed; two-sample unequal
variance; *p < 0.05, **p < 0.01, ***p < 0.001). All data represent the mean of n = 3 biologically
independent samples and error bars show standard deviation. The source data are provided in a
Source Data file.
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Supplementary Fig. 14. Production profiles of strains harboring regulated expression of FAS1 gene.
The production of DEIN, intermediates and by-products were measured. Cells were grown in defined
minimal medium with six tablets of FB as the sole carbon source and 10 g L' galactose as the inducer.
Cultures were sampled after 90 h of growth for metabolite detection. All data represent the mean of

n = 3 biologically independent samples and error bars show standard deviation. The source data are
provided in a Source Data file.
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Supplementary Fig. 15. Production profiles of strains integrated with strategies regulating the GAL
induction. The production of DEIN, intermediates and by-products were measured. Cells were grown
in defined minimal medium with six tablets of FB as the sole carbon source and 10 g L galactose as
the inducer. Cultures were sampled after 90 h of growth for metabolite detection. All data represent
the mean of n = 3 biologically independent samples and error bars show standard deviation. The
source data are provided in a Source Data file.
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Supplementary Fig. 16. Growth profiles of S. cerevisiae under different concentrations of DEIN.
Overnight precultures of background strain IMX581 were diluted and transferred to 96-well
microplates containing 250 ul defined minimal medium with the initial OD600 of 0.1. The cultures
were grown at 30°C with 250 rpm shaking, and the OD600 was automatically measured by Growth
Profiler 960 (EnzyScreen). All data represent the mean of n = 3 biologically independent samples and
error bars show standard deviation. The source data are provided in a Source Data file.
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LC-MS characterization of glycosylated chemicals.

Extracted ion

chromatograms at m/z* 417.1180 are shown as evidence for the production of PIN and DIN in
engineered yeast strains. LC-MS profiles are shown for the analysis of PIN standard (a), the PIN product
from PIUGT43-expressing strain EO3 extracts (b), DIN standard (c) and the DIN product from the
GmUGT4-expressing strain EO6 extracts (d). Cells were grown in defined minimal medium with 30 g L°

1glucose as the sole carbon source, and cultures were sampled after 72 h of growth for LC-MS analysis.
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Supplementary Fig. 18. Production of glycosylated chemicals. a Schematic view of the engineered
metabolic pathways for the biosynthesis of glucosides DIN and PIN, and relevant by-products. See Fig.
1 legend regarding abbreviations of metabolites and gene details. Production profiles of G8G (b) and
GIN (c) in DEIN hyper-producing strain 134 background with or without increased UDP-glucose supply.
Cells were grown in defined minimal medium with six tablets of FB as the sole carbon source and 10 g
L galactose as the inducer. Cultures were sampled after 90 h of growth for metabolite detection. All
data represent the mean of n = 3 biologically independent samples and error bars show standard
deviation. The source data underlying figures b-c are provided in a Source Data file.
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Supplementary Fig. 19. Toxicity for growth of S. cerevisiae of DEIN glucosides. Growth profiles of
background strain IMX581 under different concentrations of PIN (a) and DIN (b) were evaluated.
Overnight precultures were diluted and transferred to 96-well microplates containing 250 ul defined
minimal medium with the initial OD600 of 0.1. The cultures were grown at 30°C with 250 rpm shaking,
and the OD600 was automatically measured by Growth Profiler 960 (EnzyScreen). All data represent
the mean of n = 3 biologically independent samples and error bars show standard deviation. The
source data are provided in a Source Data file.
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Supplementary Table 1. Promoters used for fine-tuning the transcription of FAS1 gene in yeast

No. Alias Activity on Glucose?®
Native FAS1p 100%

1 PFK2p 87%

2 BGL2p 83%

3 HXT2p 72%

4 QCR9p 63%

5 PRE2p 61%

6 TIF5p 55%

7 YAPIp 25%

2 The transcriptional activities of selected promoters are obtained from previous report?.
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Supplementary Table 2. Microbial production of isoflavonoids in shake flask cultivations.

Compound Host Biosynthetic profile Precursor feeding Titer (mgL?) Reference
GEIN E. coli/ Bioconversion L-Tyrosine 6 2

S. cerevisiae

E. coli Bioconversion NAG 10 mg/g DCW? 3

S. cerevisiae Bioconversion NAG 0.5 mg/g DCW 3

E. coli Bioconversion NAG 16.2 4

E. coli Bioconversion NAG 35 >

S. cerevisiae Bioconversion NAG 7.7 6

S. cerevisiae Bioconversion NAG 35 7
GIN E. coli Bioconversion GEIN 20 8

E. coli Bioconversion GEIN 60.5 K
DEIN E. coli Bioconversion LIG 18 mg/g DCW 3

S. cerevisiae Bioconversion LIG 2 mg/g DCW 3

S. cerevisiae De novo None 85.4 (9 mg/g This Study

DCW)

DIN E. coli Bioconversion DEIN 51.7 °

S. cerevisiae De novo None 73.2 This Study
PIN S. cerevisiae De novo None 72.8 This Study

2 DCW, dry cell weight.
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Supplementary Table 3. Plasmids used in this study.

Plasmid ID Relevant characteristics Reference

Template plasmids

pCfB0854 Template for At4CL1 10

pQC155 pUC Ori ampR template for At4CLIm (1250L, N404K, This study
1461V)

pCfB0855 Template for At4CL2 10

pQC221 pUC Ori ampR template for GAL3 This study

pQC222 pUC Ori ampR template for GAL3559%P This study

Gene overexpression

pSP-GM1 2um ampR URA3 TEF1p-ADH1t, PGK1p-CYCI1t =

pQC223 2um ampR URA3 GAL1p-ADH1t, GAL10p-CYC1t This study

pQC229 2um ampR URA3 GAL1p-PIUGT43-ADH1t, GAL10p- This study
CYCit

pQC230 2um ampR URA3 GAL1p-GmUGT4-ADH1t, GAL10p- This study
cycit

pQC231 2um ampR URA3 GAL1p-ADH1t, GAL10p-GAL3559%"- This study
CYC1t

gRNA vectors

pMEL10 2um ampR KIURA3 gRNA-CAN1.Y 12

pROS10 2um ampR URA3 gRNA-CAN1.Y gRNA-ADE2.Y 12

pQCO09 2um ampR KIURA3 gRNA-XI-5.Y 13

pQCO030 2um ampR URA3 gRNA-XI-1.Y [2x] 13

pQCO032 2um ampR URA3 gRNA-XII-1.Y [2x] 13

pQCO033 2um ampR URA3 gRNA-XII-5.Y [2x] 13

pQC130 2um ampR URA3 gRNA-XI-2.Y [2x] 13

pQC133 2um ampR URA3 gRNA-X1I-3.Y [2x] 13

pC10-15 2um ampR URA3 gRNA-OPI1.Y [2xX] 14

pQC074 2um ampR URA3 gRNA-X-2.Y gRNA-XII-2.Y This study

pQC197 2um ampR URA3 gRNA-FAS1p.Y [2x] This study

pQC201 2um ampR URA3 gRNA-PAH1.Y [2x] This study

pQC210 2um ampR URA3 gRNA-HMX1.Y [2x] This study

pQC214 2um ampR URA3 gRNA-ROX1.Y [2x] This study

pQC238 2um ampR KIURA3 gRNA-ELP3.Y This study
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