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Supplementary Table S1. Previous efforts to engineer Saccharomyces cerevisiae for isopentanol

production.
Yield (m Ratio of
Location of Titer (mg/L) roduct gr Carbon Isopentanol | Supplementary
LEU Genes & p su af) Source to Reference
& 5Ug Isobutanol
Native* 130 £ 21 1.30 Glucose 0.27 1
Native 765.7 7.66 Glucose 2.60 2
Cytosol 523 +39 13.07 Galactose 0.97 3
Native 561.2 14.18 Galactose 1.74 4
Mitochondria® 482 + 18 4.82 Glucose 14.3 This Study
Mitochondria* 1241 £ 55 11.48 Glucose 6.12 This Study

* Termination enzymes KDC and ADH are targeted to mitochondria.

# Expressing LEU gene products in mitochondria of a leud A leu9A strain (SHy76). Highest ratio

of isopentanol to isobutanol reported in S. cerevisiae.

" Expressing LEU gene products in mitochondria and the cytosol of a batlA leud A leu9A oaclA

strain (SHy252). Highest isopentanol titer as well as yield from glucose reported in S. cerevisiae.
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Supplementary Figure S1. Schematic of isobutanol and isopentanol biosynthesis from glucose
in Saccharomyces cerevisiae. Acetolactate synthase (/LV?2), ketol-acid reductoisomerase (ILV5),
and dihydroxyacid dehydratase (/LV3) convert two molecules of pyruvate to one molecule of 2-
ketoisovalerate (KIV), which can either be converted to isobutanol by a ketoacid decarboxylase
(KDC) and an alcohol dehydrogenase (ADH), or elongated by 2-isopropylmalate synthase (LEU4
or LEUY), isopropylmalate isomerase (LEUI), and 3-isopropylmalate dehydrogenase (LEU2) to
2-ketoisocaproate (KIC). Transcription and translation of LEU4 results in short (LEU4s) and long
(LEU4;) forms of the protein, located in the cytosol and the mitochondria, respectively.’
Alternatively, pyruvate can be converted to acetyl-CoA in the mitochondria by the pyruvate
dehydrogenase complex (PDHC). While PDHC activity reduces the amount of pyruvate channeled
toward isopentanol, Leudp also requires acetyl-CoA as a cofactor, making PDHC activity
important for mitochondrial Leu4p activity, and therefore isopentanol production. Genes labeled
in green are regulated by transcriptional activator Leu3p. Red dashed lines indicate feedback

inhibition.
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Supplementary Figure S2. Design and testing of putative leucine insensitive Leudp variants. (a)
Schematic of constructs created to achieve a leucine feedback insensitive and mitochondrially
localized 2-IPMS. Constructs 1, 2, 3, and 4 correspond to plasmids pSH40, pSH39, pSH41, and
pSH42, respectively (Supplementary Table S2). ATG2 corresponds to Methionine 31, which is
mutated to isoleucine in C2 and C3. (b) Isopentanol titers of CEN.PK2-1C A4 leu4Aleu9
transformants — SHy70, SHy69, SHy71, and SHy261 — harboring 2u plasmids constitutively
expressing C1, C2, C3, or C4 respectively, as shown in Figure 3a. The A leu4 A leu9 transformants
harboring empty 2 plasmids (E) are not viable in the absence of leucine. Thus, the wild type
CEN.PK2-1C background was used for empty plasmid controls (E). Six colonies were screened
from each transformation. Isopentanol titers were measured after 48-h high-cell-density

fermentations in SC-Leu medium containing 10% glucose.
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Supplementary Figure S3. Effects of overexpressing /ILV2, ILV3, and ILV5 on BCHA production
in batl A strains. (a) Isobutanol and isopentanol titers resulting from overexpression of LEU gene
products in addition to ILV2, ILV3, and ILV5 in bat A strains. Isobutanol (orange) and isopentanol
(blue) titers were determined after 48-h high-cell-density fermentations in SC-Ura-Val medium
containing 10% glucose. Error bars represent the standard deviation of three or more independent
fermentations. (b) Ratios of isopentanol to isobutanol titers of the strains detailed in (a). Error bars
represent the propagated error calculated using the standard deviations shown in (a). Strains either
harbor an empty 2 plasmid (=), or one overexpressing LEU45°%74, LEU1, and LEU?2 gene products

in their native subcellular locations (N) or in mitochondria (M).
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Supplementary Figure S4. Effects of O4C1 deletion on isobutanol and isopentanol titers. Both
strains contain a 2 plasmid overexpressing LEU4%°%74, LEU1, and LEU2 in mitochondria (M). (a)
Isobutanol (orange) and isopentanol (teal) titers of batlA leu4 A leu9A strains with or without
OACI deletion. BCHA titers were measured after 48-h high-cell-density fermentations in SC-Ura-
Val medium containing 10% glucose. Error bars represent the standard deviation of three or more
independent fermentations. (b) Ratios of isopentanol to isobutanol titers of the strains detailed in

(a). Error bars represent the propagated error calculated using the standard deviations shown in

(a).



Supplementary Table S2. Plasmids used in this study

Plasmid Description Source
pAG26 Plasmid containing AphMX6 deletion cassette 6

pUG6 Plasmid containing loxP-kanMX-loxP deletion cassette 7

pl73 pRS426 (2p plasmid, URA3 marker) 8

p222 CEN plasmid, URA3 marker, Pgari-Cre-Teyci 7

p553 Integration vector, TRPI marker This study
p558 Integration vector, HIS3 marker This study
p715 pRSII425 (2 plasmid, LEU2 marker) 9

pYZ23 Delta integration vector containing /lox66-BleMX-lox71 cassette 10
R ey | T
pYZR4 Plasmid containing lox66-natMX6-lox71 deletion cassette 11

pSH39 2u plasmid, LEU2 marker, Prups-LEU4"3VAE7A1_ A T sppy This study
pSH40 2u plasmid, LEU2 marker, Prup3-CoxIV-LEU4-HA-TapHi This study
pSH41 2u plasmid, LEU2 marker, Prip;-CoxIV-LEU4 "3 VAEACIIYA Tapy | This study
pSH42 2u plasmid, LEU2 marker, Prip;-CoxIV-LEU4%*A-HA-Tapm This study
R e
pSH54 sz tilfl;rﬁ)ii_lil;A(}z?;zg‘ler{r,Al_);iF;jE Ul-Myc-Tacti Prari-LEU2-His- This study
pSHI32 Integration vector, HIS3 marker, Preri-LEUI-Myc-Tacti Prori-LEU2- This study

HiS—Tcyc1 PTDH3' LEU4S547A-HA-TADH1
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Supplementary Table S3. Yeast strains used in this study

Strain Description Genotype Source
. MATa ura3-52 trpl-289 leu2-3,112
CEN.PK2-1C | Wild type his3Al MAL2—SC SUC2 12
FY4/5 Wild type S288C MATa/a (prototroph) 13
SHyl batiA CEN.PK2-1C batl A::hphMX6 11
SHy23 Wild type (p173) CEN.PK2-1C (empty plasmid) 11
SHy24 batiA(pl173) SHy1 (empty plasmid) 11
CEN.PK2-1C leu4 A: :loxP-kanMX- This
SHy51 leu4 A JoxP study
SHy60 leud A leu9A SHy51, leu9A::lox66-natMX6-lox7 1 ;ﬁﬁy
SHy69 leud A leu9A (pSH39) SHy60 (LEU4 M3 1WAEIT5-AGL)y ;ﬁﬁy
SHy70 leud A leu9A (pSH40) SHy60 (CoxIV-LEU4) ;ﬁﬁy
SHy71 leud A leu9A (pSH41) SHy60 (CoxIV-LEU4 M31VAEI75-A619)y ;ﬁﬁy
. CEN.PK2-1C (Cdc9-LEU1, CoxVI- This
SHy74 Wild type (pSH47) LEU2, CoxIV-LEU4574) study
SHy1 (Cdc9-LEUI, CoxVI-LEU2, This
SHy75 bat1 4 (pSHA4T) CoxXIV-LEU4S74) study
SHy60 (Cdc9-LEUI, CoxVI-LEU2, This
SHy76 leud A leu9A (pSH47) CoxIV-LEU4S4) study
YZy117 (Cdc9-LEUI, CoxVI-LEU2, | This
SHy77 batlA leud A leu9A (pSH4AT) COXIV—LEU4S547A) study
SHy96 bat1A (pSH54) SHyl (LEUI, LEU2, LEU4%5%74) ;ﬁﬁy
SHy97 batl A leud A leu9A (pSH54) YZy117 (LEUI, LEU2, LEU45%74) ;ﬁﬁy
CEN.PK2-1C batl A::hphMXE6, Thi
YZyl17 batlA leud A leu9A leud A::loxP-kanMX-loxP, s tuﬁ
leu9A::lox66-natMX6-lox71 Y
SHy126 batlA leud A leu9A (p173) YZy117 (empty plasmid) ;ﬁﬁy
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. CEN.PK2-1C (LEUI, LEU2, This

SHy128 Wild type (pSH54) LEU#5972) study

SHy129 leud A leu9A (p173) SHy60 (empty plasmid) ;ﬁﬁy

SHy130 leu4 A leu9A (pSH54) SHy60 (LEU1, LEU2, LEU45%74) sTtﬁﬁy

CEN.PK2-1C batl A::hphMXG6, Thi

SHy149 batl A leu4 A leu9A4 oacl A leud A::loxP, leu9A::1ox66, stu§

oacl A::loxP-kanMX-loxP Y
SHv172 batiAleud A SHy149 (Cdc9-LEUI, CoxVI-LEU2, | This

Y lew9A oacl A (pSHAT) CoxIV-LEU#5574) study

SHy209 bat1A(pYZ33) SHyl (ILV2, ILV3, ILVS) ;ﬁﬁy
SHy209 (Cdc9-LEUI, CoxVI-LEU2, | This

SHy228 bat1A(pYZ33, pSH47) CoxIV-LEU45%74) study
batlA leud A leu9A oacl A (pSH4T, S5474 This

SHy246 pSH132) SHy172 (LEU4>*4, LEUI, LEU2) study

SHy250 batlAleud A leu9A (pSH47, p553) | SHy77 (empty integration vector) sTtﬁﬁy
batiAleud A . . This

SHy251 leu9A oacl A (pSHAT, p553) SHy172 (empty integration vector) study
bati A leud A leu9A4 oacl A (pSH47, . . This

SHy252 pSHI32, p553) SHy246 (empty integration vector) study
batl A leud A leu9A oaclA (pSH47, . . This

SHy255 p553. p558) SHy251 (empty integration vector) study
. . This

SHy258 Wild type (p715) SHy20 (empty plasmid) study
. This

SHy260 leud A leu9A (p715) SHy60 (empty plasmid) study
55474 This

SHy261 leud A leu9A (pSH42) SHy60 (CoxIV-LEU4>*'4) study
. This

SHy276 batlA (pYZ33, pSH54) SHy209 (empty plasmid) study

SHy277 batlA(pYZ33,pl73) SHy209 (LEU1, LEU2, LEU4%%74) ;ﬁﬁy
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