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Table S1. RON, MON, and OS (RON-MON) of fuel blends and relevant oxygenates, namely isoamyl acetate, prenyl acetate, and isoprenyl acetate. Different oxygenates were tested in slightly different base fuels, including 4-component surrogate (4CS), Sandia National Laboratories reformulated blendstock for oxygenate blending 4 (SNL RBOB4), and RD587 is another research gasoline designation. Isoamyl acetate data collected from https://fuelsdb.nrel.gov1. 

	
	
	RON
	MON
	OS

	Compound (%)
	Base Fuel
	0%
	10%
	20%
	30%
	Neat
	0%
	10%
	20%
	30%
	Neat
	0%
	10%
	20%
	30%
	Neat

	Isoamyl acetate1
	SNL RBOB4
	86.9
	87.1
	88.2
	90
	98.8
	82.5
	83.2
	85.1
	87
	86.8
	4.4
	3.9
	3.1
	3.0
	12

	Prenyl acetate
	4CS
	92.3
	96.2
	99
	101.4
	104.8
	86.1
	88.3
	89.7
	90.5
	94.4
	6.2
	7.9
	9.3
	10.9
	10.4

	Isoprenyl acetate
	RD587
	91.9
	93.6
	95.2
	97.3
	103.3
	84
	84.2
	85.6
	88.3
	94
	7.9
	9.4
	9.6
	9.0
	9.3











Table S2. The blending RON, MON, and OS of specific oxygenates. The bRON and bMON are calculated as the RON/MON of a given blend minus the product of base fuel blend fraction and base fuel RON/MON, then divided by the oxygenate blend fraction (e.g., a 10% blend calculation is (RONoxygenate - (0.9) * RONBase fuel) / (0.1)). A linear blend would provide a bRON or bMON equal to that of the base fuel and a bOS of 0. Isoamyl acetate data collected from https://fuelsdb.nrel.gov1.

	
	
	bRON
	bMON
	bOS

	Compound (%)
	Base Fuel
	10%
	20%
	30%
	10%
	20%
	30%
	10%
	20%
	30%

	Isoamyl acetate1
	SNL RBOB4
	88.9
	93.4
	97.2
	89.5
	95.5
	97.5
	-0.6
	-2.1
	-0.3

	Prenyl acetate
	4CS
	131.3
	125.8
	122.6
	108.1
	104.1
	100.8
	23.2
	21.7
	21.9

	Isoprenyl acetate
	RD587
	108.9
	108.4
	109.9
	86
	92
	98.3
	22.9
	16.4
	11.6







Table S3. Primers used in this study
	Primer Name
	Sequence (5’ → 3’)

	ATF1_F
	ggataggaggattacactatgaatgaaatcgatgagaaaa

	ATF1_R
	catccgccaaaacagccaagctaagggcctaaaaggagag

	IPPBy-ATF1_R
	agtgtaatcctcctatccttagtctactttcagaccctgct

	IPPBy-ATF1_F
	agctctccttttaggcccttagcttggctgttttggcgga

	ATF2_F
	ggataggaggattacactatggaagatatagaaggata

	ATF2_R
	catccgccaaaacagccaagttaaagcgacgcaaattcgc

	IPPBy-ATF2_R
	agtgtaatcctcctatccttagtctactttcagaccct

	IPPBy-ATF2_F
	gcgaatttgcgtcgctttaacttggctgttttggcggatg

	SAAT_F
	acaatttcaggatctggatcttctggtgggtctctgt

	SAAT_R
	tcgaaaaatcggacattacctcctagttacttaaatcaacgtttt

	IPPBy-SAAT_F
	tctccttttaggcccttagcttggctgttttggcg

	IPPBy-SAAT_R
	ttctcatcgatttcattcatagtgtaatcctcctatcctt

	Acs_Se_F
	tttaagaaggagatatacatatgagccaaacacataaaca

	Acs_Se_R
	ttactcgagtttggatccttatgacggcatcgc

	Acs_Ec_F
	tttaagaaggagatatacatatgagccaaattcacaaaca

	Acs_Ec_R
	ttactcgagtttggatccttacgatggcatcgcgatag

	pAcs_F
	cgatgccgtcataaggatccaaactcgagtaa

	pAcs_R
	tgtttatgtgtttggctcatatgtatatctccttcttaaaagat

	IDI_RB1_F
	cagggatactaacttatagggatagctttatgcaaacggaacacgtcat

	IDI_NudB_R
	ccttcttaaaagatcttttgaattcccatggtttatttaagctgggtaaatgcag

	IDI_RB2_F
	agattctacgatttcttcccgggggtttagtatgcaaacggaacacgtcat

	IDI_PMD_R
	cctcctagatccgaactcgagtttggatccttatttaagctgggtaaatg

	pDNC_IDI_NudB_F
	gccagaaaacgattatctgcatttacccagcttaaataaaccatgggaattcaaaagatc

	pDNC_RB1_R
	aaagctatccctataagttagtatccctgctgtttcctgtgtgaaattgt

	pDNC_RB2_R
	actaaacccccgggaagaaatcgtagaatctctgtttcctgtgtgaaatt

	pDNC_IDI_PMD_F
	cgattatctgcatttacccagcttaaataaggatccaaactcgagttcgg

	pDNC_NudB_RB1_R
	aaagctatccctataagttagtatccctgtcaggcagcgttaattacaa

	pDNC_NudB_RB2_R
	actaaacccccgggaagaaatcgtagaatcttcaggcagcgttaattacaa

	IDI1_RB1_F
	cagggatactaacttatagggatagctttatgactgccgacaacaatag

	IDI1_NudB_R
	ctccttcttaaaagatcttttgaattcccatggtttatagcattctatgaatttgcc

	IDI1_RB2_F
	agattctacgatttcttcccgggggtttagtatgactgccgacaacaata

	IDI1_PMD_R
	cctcctagatccgaactcgagtttggatccttatagcattctatgaattt

	pDNC_IDI1_NudB_F
	gtggaaaatgacaggcaaattcatagaatgctataaaccatgggaattcaaaagatc

	pDNC_IDI1_PMD_F
	aatgacaggcaaattcatagaatgctataaggatccaaactcgagttcgg

	SAAT2_F
	acaatttcaggatctggatcttctggtgggtctctgt

	SAAT2_R
	tccttactcgagtttggatccttaaatcaacgttttggga

	pSAAT_F
	tcccaaaacgttgatttaaggatccaaactcgagtaa

	pSAAT_R
	acagagacccaccagaagatccagatcctgaaattgttat

	pDNC7-ATF1_F
	ttttaggcccttagctgcaggcatgcaa

	pDNC7-ATF1_R
	atcaccggcgccacaatttattcctttggtaga

	LacUV5_F
	tctaccaaaggaataaattgtggcgccggtgat

	LacUV5_R
	tagtgtaatcctcctatccgatcttttgaattctgaaatt

	ATF1-Ins_F
	aatttcagaattcaaaagatcggataggaggattacacta

	ATF1-Ins_R
	ttgcatgcctgcagctaagggcctaaaa

	pDNC7-SAAT_F
	tcccaaaacgttgatttaacttggctgttttggcg

	pDNC7-SAAT_R
	cgacacttcaatcttctccatagtgtaatcctcctatcc

	SAAT3_F
	ggataggaggattacactatggagaagattgaagtgtcg

	SAAT3_R
	cgccaaaacagccaagttaaatcaacgttttggga

	pDNC9_ldhA_F
	gagatgaagagctaactggatccatgtgattcaacatcac

	pDNC9_ldhA_R
	tttgatgcctggagatccttactcgagttttaaaccagtt

	pDNC9_pct_F
	tttaagaaggagatatacatatgcgcaaggtgcctatcat

	pDNC9_pct_R
	gtgatgttgaatcacatggatccagttagctcttcatctc

	pDNC9_F
	aactggtttaaaactcgagtaaggatctccaggcatcaaa

	pDNC9_R
	atgataggcaccttgcgcatatgtatatctccttcttaaa

	pDNC10_Ldh_lm_F
	aaagagatgaagagctaactgaattcgccggaccc

	pDNC10_ldh_lm_R
	ttactcgagtttggatccttaatactcgacggcgatg

	pDNC10_pct_F
	atcgccgtcgagtattaagaattctcgataaacgagat

	pDNC10_pct_R
	atccttactcgagtttggatccagttagctcttcatctcttttaatcccat

	pDNC10_F
	agagatgaagagctaactggatccaaactcgagtaaggat

	pDNC10_R
	ccataggcaaaaatcttcatgaaaagcctctctatg
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Figure S1. Isoprenyl acetate (A) and E. coli DH1 OD600 (B) in M9-MOPS media over 24 hours normalized to 0 g/L isoprenyl acetate growth. Use of a 20% oleyl alcohol overlay enabled 75% retention of isoprenyl acetate, though significant growth inhibition was observed at high concentrations.
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Figure S2. (A) Acetate and glucose titer by strains harboring the IPP-bypass pathway with various AATs in either E. coli DH1 or JBEI-3606 (E. coli DH1 ΔpoxB, ΔackA, Δpta) and (B) OD600 growth data. Cultures were grown in M9 (20 g/L glucose) with 5 g/L yeast extract. Full strain descriptions are available in Table 1.



[image: Chart, bar chart

Description automatically generated]
Figure S3. Prenol and isoprenol production by strains harboring different isomers (IDI/IDI1) and RBS strength (RBS1 and RB2) for prenol production (pDNC1-8). RBS1 maintains a predicted translation initiation rate approximately equivalent to NudB while RBS2 is 2-fold higher [1]. Strains are described in detail in Table 1.
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Figure S4. (A) Acetate and glucose titer by E. coli DH1 harboring the original MVA pathway with ATF1 and (B) OD600 growth data. Cultures were grown in M9 Medium (20 g/L glucose) with 5 g/L yeast extract.
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Description automatically generated]Figure S5: GCMS m/z plot for synthesized (A) isoprenyl and (B) prenyl lactate. High abundance fragment ions are labeled
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Figure S6. 1H NMR of isoprenyl lactate with assignments
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Figure S7. Ester production titrating isoprenol into high density cultures of E. coli DH1 harboring SAAT and either ldhAEc or ldhLm in 5 mL M9-MOPS media with 5 g/L yeast extract under aerobic and anaerobic conditions. No overlay was added, lending to variability of isoprenyl acetate titer between replicates.
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Figure S8. Small-scale (5 mL M9-MOPS media with 5 g/L yeast extract) production of lactate esters in DH1 and acetate pathway knockout strain JBEI-3606 at either (A) 30 °C or (B) 37 °C.
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Figure S9. (A) Acetate, lactate, and glucose production by lactate ester strains as well as (B) OD600 growth data over 72 hours culturing.




[image: A screenshot of a computer

Description automatically generated with low confidence]

Figure S10. Production of isoprenol (A) and isoprenyl acetate (B) in strains harboring acetate pathway knockouts with acsEc or acsSe in flask experiments. (C) Acs expression contributed to marginal changes in acetate titer over 72 hours.



Theoretical yield calculations for isoprenyl acetate on glucose [2]:

Overall stoichiometry:

2C6H12O6 → C7H12O2 + 5CO2 + 12H
 
Redox Balanced:

2C6H12O6 + 2NADPH +8NAD+ → C7H12O2 + 5CO2 + 8NADH +2NADP+ + 6H+
 
YP = 1/2 = 0.5
YE = 24/36 = 0.6667
 
0.6667 *(128.17/180.156) = 0.4743 g/g

MVA pathway efficiency: 0.78 

[bookmark: _GoBack]Maximum theoretical isoprenyl acetate yield via MVA on glucose: 0.3700 g/g
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