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Figure S1: GABA sensor characterization in production conditions. The GABA sensor
characterization plasmid pML3009 was induced with exogenous GABA at each concentration
and grown in the following strains and vessels. (A) EcN AgabTP pML3009 grown in flasks,
(B) ECN pML3009 grown in flasks, (C) ECN pML3009 grown in culture tubes, and (D) EcN
pML3009 grown in a 96-well microtiter plate. All cultures were inoculated at ODeoo = 5.0 X
10°. Single cell fluorescence was measured via flow cytometry (Methods). The markers
represent the average of the median fluorescence measured on 3 separate days. The error bars
are one standard deviation. The fitted response function for each is shown (solid line).
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Figure S2: GABA production in EcN and EcN 4gabTP. For the data of the GABA production
assays in Figure 2D, the output of the GABA biosensor was converted to GABA concentration
using the corresponding fitted sensor response function (Figure S1). The bars represent the mean
value from the 3 experiments and the error bars represent the standard deviation.
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Figure S3: EcCN GABA production in different growth vessels. For the data of the GABA
production assays in Figure 2F, the output of the GABA biosensor was converted to GABA
concentration using the corresponding fitted sensor response function (Figure S1). The bars
represent the mean value from the 3 experiments and the error bars represent the standard
deviation. Values of 0 mM are displayed as 0.000011 mM on the plot.



Table S1: Genetic part sequences used in this work

aggtaaaaatccgcgtgaagaaattctggatgcaagegcagaactgtt
tacccgtcagggttttgcaaccaccagtacccatcagattgcagatge

agttggtattcgtcaggcaagcctgtattatcattttccgagcaaaaccq
aaatctttctgaccctgctgaaaagcaccgttgaaccgageaccgttct
ggcagaagatctgagcaccctggatgcaggtccggaaatgegtetgt
gggcaattgttgcaagcgaagttcgtctgctgctgagcaccaaatgga
atgttggtcgtctgtatcagctgcegattgttggtagcgaagaatttgca
gaatatcatagccagcgtgaagcactgaccaatgtttttcgtgatctgg

caaccgaaattgttggtgatgatccgegtgcagaactgecgtttcatatt

Part Name Type DNA Sequence Source
PAmtr Promoter | cttgtccaaccaaatgattcgttaccaattgacagtttctatcgatctata (22)
gataatgctagc
PemzRI Promoter | Aatccgcgtgataggtctgattcgttaccaattgacggaatgaacgttc (22)
attccgataatgctagc
PicarA Promoter | gtcaactcataagattctgattcgttaccaattgacaattcacctacctttc (22)
gttaggttaggttgt
Pehir Promoter | cgacgtacggtggaatctgattcgttaccaattgacatgatacgaaac (22)
gtaccgtatcgttaaggt
PGab10s Promoter | ataccatcaaaaagttataattggtactttacggcataccaagtcctagg (25)
tactatgctagc
Pet Promoter | Tactccaccgttggcttttttccctatcagtgatagagattgacatcect
atcagtgatagagataatgagcac
Al RBS aatgttccctaataatcagcaaagaggttactag (21)
Bl RBS ctatggactatgttttaactactag (21)
B2 RBS ctatggactatgtttttcaaagacgaaaaactactag (21)
11 RBS attgctatggactatgtttcaaagtgagaatactag (21)
Pl RBS ctatggactatgtttgaaagggagaaatactag (21)
P2 RBS ggagctatggactatgtttgaaaggctgaaatactag (21)
amtR Gene atggcaggcgcagttggtcgtcecgcgtcgtagtgcaccgegtcgtge (22)




accatgagcgttattgaaatgcgtcgcaatgatggtaaaattccgagte
cgctgagcgceagatagectgccggaaaccgcaattatgctggeagat
gcaagcctggceagttctgggtgcaccgctgectgcagategtgttgaa
aaaaccctggaactgattaaacaggcagatgcaaaataa

bm3RI

Gene

atggaaagcaccccgaccaaacagaaagcaatttttagcgcaagect
gctgctgtttgcagaacgtggttttgatgcaaccaccatgccgatgatt

gcagaaaatgcaaaagttggtgcaggcaccatttatcgctatttcaaaa
acaaagaaagcctggtgaacgaactgtttcagcagcatgttaatgaatt
tctgcagtgtattgaaageggtctggcaaatgaacgtgatggttategt

gatggctttcatcacatttttgaaggtatggtgacctttaccaaaaatcat
ccgegtgceactgggttttatcaaaacccatagccagggeacctttctga
ccgaagaaagccgtctggceatatcagaaactggttgaatttgtgtgea

ccttttttcgtgaaggtcagaaacagggtgtgattcgtaatctgecgga

aaatgcactgattgcaattctgtttggcagctttatggaagtgtatgaaat
gatcgagaacgattatctgagcctgaccgatgaactgctgaccggtgt
tgaagaaagcctgtgggeageactgagcecgtcagagctaa

(22)

icaRA

Gene

gtgaaagacaaaattatcgataacgccatcaccctgtttagcgaaaaa
ggttatgacggcaccaccctggatgatattgcaaaaagcgtgaacatc
aaaaaagccagcctgtattatcactttgatagcaaaaaaagcatctacg
agcagagcgttaaatgctgtttcgattatctgaacaacatcatcatgatg
aaccagaacaaaagcaactatagcatcgatgccctgtatcagtttctgt
ttgagttcatcttcgatatcgaggaacgctatattcgtatgtatgttcaget
gagcaacacaccggaagaattttcaggtaacatttatggccagatcca
ggatctgaatcagagcctgagcaaagaaatcgccaaattctatgacg
aaagcaaaatcaaaatgaccaaagaggacttccagaatctgattctge
tgtttctggaaagctggtatctgaaagecagcetttagccagaaatttggt
gcagttgaagaaagcaaaagccagtttaaagatgaggtttatagectg
ctgaacatctttctgaagaaataa

(22)

phlF

Gene

atggcacgtaccccgagcecgtageageattggtagectgegtagtee
gcatacccataaagcaattctgaccagcaccattgaaatcctgaaaga
atgtggttatagcggtctgagcattgaaagegttgcacgtegtgecggt
gcaagcaaaccgaccatttatcgttggtggaccaataaagcageact
gattgccgaagtgtatgaaaatgaaagcgaacaggtgcegtaaatttce
ggatctgggtagctttaaagecgatctggattttctgctgegtaatctgt
ggaaagtttggcgtgaaaccatttgtggtgaagcatttcgttgtgttattg
cagaagcacagctggaccctgcaaccctgacceagctgaaagatca
gtttatggaacgtcgtcgtgagatgccgaaaaaactggttgaaaatgc
cattagcaatggtgaactgccgaaagataccaatcgtgaactgetget
ggatatgatttttggtttttgttggtatcgcctgcetgaccgaacagetgac
cgttgaacaggatattgaagaatttaccttcctgctgattaatggtgtttg
tccgggtacacagegttaa

(22)




gabR

Gene

atggatatcacgattacactcgatcgttcagaacaagccgattatatcta
tcagcaaatttatcaaaagctgaaaaaagaaatcctcagecgcaatct

gctgecgeactcgaaggttcectccaagegggagcetggcetgaaaate
tcaaggtcagcgtaaattcagtgaattcagcctatcagcagetgetgg

ctgaggggtatttgtacgccattgaacgaaagggtttcttcgtggagga
actagacatgttttccgccgaggagceaccctccatttgcactgeeggat
gacctaaaagagattcacatcgaccagagcgattggatatcgttttcac
acatgagttccgatacagaccattttccgatcaaaagctggttccgetg

cgagcaaaaagcggcctccegcetcataccgeacgcteggegatatgt
cacatccgcaagggatatatgaagtgagagcggecattacgaggcte
atttccctgacgaggggtgtaaaatgcaggccggaacaaatgatcata
ggggcaggcacacaggtgctcatgcagetgttgactgagcettttacee
aaggaagccgtgtatgcgatggaggagectggcetacaggegceatgt
atcagcttttgaagaatgccggaaaacaagtaaagacgatcatgetgg
atgaaaaaggcatgtcgattgctgaaatcaccagacagcagcecagat
gtgctggtgaccacccegtcgcatcagtttcegtccggaacgattatg

cctgtatccagaagaattcagctgctgaactgggcagecgaggagec
gcgcecgatatatcattgaggacgattatgatagtgaattcacatatgatg
tagacagtattccggcgctgcaaagcectcgaccgttttcaaaatgtcat
ctatatgggaaccttttcaaagtcccttctcceecggcttacggatcagct
atatggtgttgccgectgagcetgttgagggceatacaaacagegggge
tatgatctgcagacttgctcatcactcacacagctcaccctgcaggaat
ttatcgagtctggtgaatatcagaagcatataaaaaaaatgaagcage

attataaagaaaagagagaacgcctgatcaccgctttagaagcagag
ttcagcggagaggttaccgtaaaaggggcaaatgcggggctgceattt
tgttaccgaatttgataccaggcgcaccgaacaagacatcctgtcaca
tgctgccgggctgcagettgaaatattcggaatgagecgatttaactty
aaggaaaacaagcggcaaacgggcaggcctgctctcattatcggctt
tgcacggctgaaggaagaagatattcaggagggtgtgcageggcttt
tcaaagcggtttacggacataaaaaaatccecgttacaggggattga

(36)

eYFP

Gene

atggtgagcaagggcgaggagctgttcaccggggtggtgcccatee
tggtcgagcetggacggcegacgtaaacggecacaagttcagegtgte
cggcgagggcgagggcegatgecacctacggcaagetgaccectgaa
gttcatctgcaccacaggcaagctgecegtgecctggeccacccteg
tgaccaccttcggctacggcctgcaatgettcgeccgcetacceegace
acatgaagctgcacgacttcttcaagtccgecatgcccgaaggcetac
gtccaggagcgcaccatcttcttcaaggacgacggcaactacaagac
ccgcgecgaggtgaagttcgagggegacaccetggtgaaccgeate
gagctgaagggcatcgacttcaaggaggacggcaacatcctgggge
acaagctggagtacaactacaacagccacaacgtctatatcatggec
gacaagcagaagaacggcatcaaggtgaacttcaagatccgcecaca
acatcgaggacggcagcgtgcagctcgecgaccactaccagcaga

(37)




acaccccaatcggegacggeccegtgctgctgeccgacaaccacta
ccttagctaccagtccgecctgagcaaagaccccaacgagaagege
gatcacatggtcctgctggagttcgtgaccgecgecgggateactcte
ggcatggacgagctgtacaagtaa

lacl

Gene

atgaaaccagtaacgttatacgatgtcgcagagtatgccggtgtetctt
atcagaccgtttcccgegtggtgaaccaggecagecacgtttctgega
aaacgcgggaaaaagtggaagcggcgatggeggagctgaattacat
tcccaaccgegtggeacaacaactggcgggcaaacagtegttgetg
attggcgttgccacctecagtetggecctgcacgcegecgtcgcaaatt
gtcgcggcgattaaatctcgegecgatcaactgggtgecagegtggt
ggtgtcgatggtagaacgaagcggegtcgaagectgtaaageggey
gtgcacaatcttctcgegcaacgcegtcagtgggctgatcattaactate
cgctggatgaccaggatgccattgctgtggaagetgectgcactaatg
ttccggcgttatttcttgatgtctctgaccagacacccatcaacagtatta
ttttctcccatgaggacggtacgegactgggegtggageatctggteg
cattgggtcaccagcaaatcgegctgttagcgggceccattaagttctgt
ctcggcgegtetgegtetggetggcetggeataaatatctcactcgeaat
caaattcagccgatagcggaacgggaaggcegactggagtgccatgt
ccggttttcaacaaaccatgcaaatgctgaatgagggeatcgttceca
ctgcgatgctggttgccaacgatcagatggegetgggegceaatgegce
gccattaccgagtcegggctgcgegttggtgeggatatcteggtagty
ggatacgacgataccgaagatagctcatgttatatccegecgttaace
accatcaaacaggattttcgcctgctggggcaaaccagegtggaccg
cttgctgcaactctctcagggecaggeggtgaagggcaatcagetgtt
gccagtctcactggtgaaaagaaaaaccaccctggcegeccaatacg
caaaccgcctctcecccgegegttggecgatteattaatgcagetggea
cgacaggtttcccgactggaaagegggeagtga

(22)

tetR

Gene

atgtccagattagataaaagtaaagtgattaacagcgcattagagctge
ttaatgaggtcggaatcgaaggtttaacaacccgtaaactcgeccaga
agctaggtgtagagcagcctacattgtattggcatgtaaaaaataage

gggctttgctcgacgcecttagcecattgagatgttagataggcaccatac
tcacttttgccctttagaaggggaaagctggceaagattttttacgtaata

acgctaaaagttttagatgtgctttactaagtcatcgcgatggagcaaa

agtacatttaggtacacggcctacagaaaaacagtatgaaactctcga
aaatcaattagcctttttatgccaacaaggtttttcactagagaatgcatt

atatgcactcagcgctgtggggcattttactttaggttgcgtattggaag
atcaagagcatcaagtcgctaaagaagaaagggaaacacctactact
gatagtatgccgccattattacgacaagctatcgaattatttgatcacca
aggtgcagagccagccttcttattcggecttgaattgatcatatgcgga
ttagaaaaacaacttaaatgtgaaagtgggtcctaa

(22)




kanR

Gene

atgagccatattcaacgggaaacgtcttgctccaggccgcgattaaatt
ccaacatggatgctgatttatatgggtataaatgggctcgcgataatgt

cgggcaatcaggtgcgacaatctatcgattgtatgggaagceecgatgy

cgccagagttgtttctgaaacatggcaaaggtagegttgccaatgatgt
tacagatgagatggtcagactaaactggctgacggaatttatgcctctt

ccgaccatcaagcattttatccgtactcctgatgatgcatggttactcac
cactgcgatccccgggaaaacagcattccaggtattagaagaatatce
tgattcaggtgaaaatattgttgatgcgctggeagtgttcectgegecgg

ttgcattcgattcctgtttgtaattgtecttttaacagcgatcgegtattteg
tctcgctcaggegceaatcacgaatgaataacggtttggttgatgegagt
gattttgatgacgagcgtaatggctggcectgttgaacaagtctggaaa

gaaatgcataagcttttgccattctcaccggattcagtcgtcactcatgg
tgatttctcacttgataaccttatttttgacgaggggaaattaataggttgt
attgatgttggacgagtcggaatcgcagaccgataccaggatcttgec
atcctatggaactgcctcggtgagttttctecttcattacagaaacggctt
tttcaaaaatatggtattgataatcctgatatgaataaattgcagtttcattt
gatgctcgatgagtttttctaa

(33)

BydvJ

Insulator

ggotgtctcaaggtgcgtaccttgactgatgagtccgaaaggacgaa
acacccctctacaaataattttgtttaa

(21)

Elv]

Insulator

gccccatagggtggtgtgtaccaccectgatgagtccaaaaggacga
aatggggcctctacaaataattttgtttaa

(21)

SarlJ

Insulator

gactgtcgecggatgtgtatccgacctgacgatggeccaaaagggec
gaaacagtcctctacaaataattttgtttaa

(21)

RiboJ53

Insulator

gcggtcaacgcatgtgctttgcgttctgatgagacagtgatgtcgaaa
ccgcctctacaaataattttgtttaa

(21)

RiboJ64

Insulator

aggagtcaattaatgtgcttttaattctgatgagacggtgacgtcgaaa
ctccetctacaaataattttgtttaa

(21)

L3S2P55

Terminator

ctcggtaccaaagacgaacaataagacgctgaaaagegtcttttttcgt
tttggtce

(38)

L3S2P24

Terminator

ctcggtaccaaattccagaaaagacacccgaaagggtgttttttcgtttt
ggtec

(38)

ECK120015170

Terminator

acaattttcgaaaaaacccgcttcggegggtttttttatagctaaaa

(38)

L3S2P11

Terminator

ctcggtaccaaattccagaaaagagacgctttcgagegtcttttttegttt
tggtcc

(38)

ECK120033737

Terminator

ggaaacacagaaaaaagcccgcacctgacagtgegggctttttttttc
gaccaaagg

(38)

10



L3S2P11 Terminator | ctcggtaccaaattccagaaaagagacgctttcgagcgtcttttttcgttt | (38)
tggtcc
ECK120033737 | Terminator | ggaaacacagaaaaaagcccgcacctgacagtgcgggctttttttttc (38)
gaccaaagg
L3S3P21 Terminator | ccaattattgaaggcctccctaacggggggcctttttttgtttctggtcete (38)
cc
L3S3P51 Terminator | aaaaaaaaaaaacaccctaacgggtgtttttttgtttctggtctcce (38)
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Table S2: Plasmids used in this work

Plasmid Source
Name Description
AN1717 RPU strain expressing YFP under control of J23101 on (21)
P a backbone expressing lacl, tetR, kanR and the p15a ori
ML3001 Plasmid backbone containing gabR, lacl and tetR as (25)
P well as the resistance gene kanR and the p15a ori.
Plasmid expressing YFP under the control of Pcapb 0n (25)
PML3009 the pML3001 backbone
oML3021 Open loop GABA production circuit. Pcab-YFP, Pret- This work
GadB
Feedback circuit using the IcaRA 11 NOT gate on the This work
PML3030 pML3001 backbone
Feedback circuit using the AmtR A1 NOT gate on the This work
PML3031 pML3001 backbone
Feedback circuit using the PhlIF P1 NOT gate on the This work
PML3032 pML3001 backbone
Feedback circuit using the PhIF P2 NOT gate on the This work
PML3033 pML3001 backbone
pML3034 | Feedback circuit using the BM3RI B1 NOT gate on the | This work
pML3001 backbone
pML3035 | Feedback circuit using the BM3RI B2 NOT gate on the | This work
pML3001 backbone

12



Table S3: Hill equation parameters for NOT gates

Repressor | RBS Ymin Ymax K n
AmtR Al 0.032 | 2.597 | 0.209 | 1.881
BM3R1 Bl 0.012 | 0.336 | 0.178 | 3.437
BM3R1 B2 0.005 | 0.517 | 0.317 | 2.865
IcaRA 11 0.187 | 1.847 | 0.066 | 3.772
PhIF P1 0.003 | 3.550 | 0.175| 3.924
PhIF P2 0.015 | 5.306 | 0.843 | 4.880

All parameters are from a prior study (23).
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Table S4: Model parameter values used

Parameter | Value Units
agp 1.0 | [GadB)/([RNAJ]*min)
y 0.025 1/min
Bs 0.10 1/min
Bus 20.0 1/min
¢ 0.025| [MRNAJ/(min*RPU)
k 0.25 1/min
S 35.0 g/L
Be 3.0 g/(L*min)
(e 3.0 RPU/min
Yminpg 0.04 RPU
Ymaxug 4.59 RPU
K, 16.23 g/L
NG 0.90 unitless

Parameters y and ¢ are based on a prior study (33).

Parameters Yminuq: Ymaxug: Kug» @nd 1, are based on a prior study (25).
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