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Table S1: Details of functional bactoneurons and corresponding unit bactoneurons associated with the computing
functions developed in this study. Output fluorescent proteins and activation function equations corresponding to unit

bactoneurons are also described.

Table S2: List of cellular devices constructed in this study.
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§ . Output cassette components Regulatory cassette components
= _
S % é E Promoter —gene . Antibiotic Promoter-regulator . Antibiotic
g Lu) © cassetteg RBS Ori selection cassett% RBS Ori selection
1AA1 Piaal-EGFP R pUC Amp - - - -
TAA2 Piaa2-EGFP R pUC Amp - - - -
T1AA3 Piaa3-EGFP R pUC Amp - - - -
1AA4 Piaa4-EGFP R pUC Amp - - - -
T1AAS PiaaS-EGFP R pUC Amp - - - -
1AA6 Piaa6-EGFP R pUC Amp - - - -
BNeu 1 TAATA Piaa7-EGFP R pUC Amp - - - -
IAA7B Piaa7-EGFP R plSA Cm - - - -
TAAS8 Piaa8-EGFP R pUC Amp - - - -
1AA9 P1ar9-EGFP R pUC Amp - - - -
TAAI10 Piaal10-EGFP R pUC Amp - - - -
TAAIL1 Piaal1-EGFP R pUC Amp - - - -
IAA7B.A Piaa7-E2-Crimson R plSA Cm - - - -
IAA7B.B Piaa7-mVenus R plSA Cm - - - -
INAITA R pUC Amp PLicio1 -CI R pl5A Cm
INAIB Pnal-EGFP R pUC Amp PLicio1 -CI RC1 pl5A Cm
INAIC R pUC Amp PLicio1 -CI RC2 pl5A Cm
INAID R pUC Amp PLicio1 -CI RC3 pl5A Cm
INA2A R pUC Amp PLicio1 -CI R pl5A Cm
INA2B Pna2-EGFP R pUC Amp PLicio1 -CI RC1 pl5A Cm
INA2C R pUC Amp PLicio1 -CI RC2 pl5A Cm
INA2D R pUC Amp PLicio1 -CI RC3 pl5A Cm
INA3A R pUC Amp PLicio1 -CI R pl5A Cm
INA3B Pna3-EGFP R pUC Amp PLicio1 -CI RC1 pl5A Cm
BNew 2 INA3C R pUC Amp PLicio1 -CI RC2 pl5A Cm
INA3D R pUC Amp PLicio1 -CI RC3 pl5A Cm
INA4 Pna4-EGFP R pUC Amp PLicio1 -CI R pl5A Cm
INASA R ColE1 Amp PLicio1 -CI RC1 pl5A Cm
INASB PnaS-EGFP R ColE1 Amp PLicio1 -CI RC2 pl5A Cm
INASC R ColE1 Amp PLicio1 -CI RC3 pl5A Cm
INAGA R ColE1 Amp PLicio1 -CI RC1 pl5A Cm
INA6B Pna6-EGFP R ColE1 Amp PLicio1 -CI RC2 pl5A Cm
INA6C R ColE1 Amp PLicio1 -CI RC3 pl5A Cm
INATA R ColE1 Amp PLicio1 -CI RC1 pl5A Cm
INA7B Pna7-EGFP R ColE1 Amp PLicio1 -CI RC2 pl5A Cm
INA7C R ColE1 Amp PLicio1 -CI RC3 pl5A Cm
INATA.A Pna7-mTFP1 R ColE1 Amp PLicio1 -CI RC1 pl5A Cm
AAH1 Paan-EGFP RI]_BIS pl5SA Cm BBa J23102-LuxR R CoLE1 Amp
BNeu 3 RBS
AAH2 Paan-E2-Crimson H pl5SA Cm BBa J23102-LuxR R CoLE1 Amp
BNeu 4 IAH1 Piau-EGFP R plSA Cm BBa J23102-LuxR R CoLEl Amp
TAH2 Piau-tdTomato R plSA Cm BBa J23102-LuxR R CoLE1 Amp
PLiaco.1. Frame-shifted CI*
N1 Pr-EGFP R pl5SA Cm and Py e0.1. Frame- R ColE1 Amp
shifted CT*
BNeu 5 PLiaco.1. Frame-shifted CI*
N2 Pr-mKO2 R pl5SA Cm and Py e0.1. Frame- R ColE1 Amp
shifted CT*
ANITA R ColE1 Amp P1ac0.1 -CI R pl5A Cm
ANIIB Pani1-EGFP R ColE1 Amp P1aco.1 -CI RC1 pl5A Cm
ANIIC R ColE1 Amp P1ac0.1 -CI RC2 pl5A Cm
ANIID R ColE1 Amp P1ac0.1 -CI RC3 pl5A Cm
ANI2A R ColE1 Amp P 1aco.1 -CI R pl5A Cm
ANI2B Pani2-EGFP R ColE1 Amp P1ac0.1 -CI RC1 pl5A Cm
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ANI2C R__| ColEl Amp Priscot -CI RC2 | pl5A Cm
BNeu 6 ANI2D R_ | ColEl Amp Pzt -CI RC3 | pl5A Cm
ANDA R__| ColEl Amp Piscot -CI R_| plsA Cm
AND3B Pau3-EGFP R_ | ColEl Amp Pzt -CI RCL | pl5A Cm
ANI3C R__| ColEl Amp Piscot -CI RC2 | pl5A Cm
ANI3D R__ | ColEl Amp Poisco.t -CI RC3 | pl5A Cm
ANI4A R | ColEl Amp Pyisco.t -CI R_ | plsA Cm
ANI4B R__ | ColEl Amp Pisco.t -CI RCL | pl5A Cm
ANIAC Pav4EGFP R | ColEl Amp Pzt -CI RC2 | pl5A Cm
ANI4D R__ | ColEl Amp Piscot -CL RC3 | pl5A Cm
ANI2CA | Pou2-E2-Crimson | R__| ColEl Amp Pzt -CI RC2 | pl5A Cm
BNeu7 | _AHLBI P_,~EGFP R | plSA Cm BBa J23102-LuxR R_ | CoLEl Amp
AHLB2 Py +-E2-Crimson R plSA Cm BBa J23102-LuxR R CoLE1 Amp
ATCBl | Pi.0.-E2-EGFP R__ | ColEl Amp - - - -
BNeu 8 ATCB2 Priio.1-E2- R | ColEl Amp - - - -
Crimson
BBa J23102-LuxR R_ | CoLEl Amp
BNew 9 ANHI Pavi-EGFP R | ColEl Amp Py -Frame-shifted CI R pI5A Cm
BBa J23102-LuxR R_ | CoLEl Am
ANH2 Paun-tdTomato R | ColEl Amp P Frame-shified CT R T oisA Cmp
BBa J23102-LuxR R_ | CoLEl Amp
BNeu 10 INHI Prv-EGFP R | ColEl Amp Py y-Frame-shifted CI R_| plsA Cm
INH2 Ppi-E2-Crimson R | ColEl Amp PBB;rﬁ; ﬁiﬁxil i Cp"lLsil ’g;p
Lux™ ~

*Frame-shifted CI is a mutant form of A repressor CI [Supplementary reference 1].

Table S3: List of Promoters, primers, oligos and RBSs. /acO1, fetO2, Lux box, OR1 and OR2 operator sites are colored in
red, brown, green, yellow and blue respectively. Transcription start site is shown in bold. -10 and -35 hexamers are

underlined. Each promoter is flanked by X%ol and EcoRlI restriction sites (marked in italics).

Name Sequence (5’ - 3°) Purpose Source
CTCGAGTCCCTATCAGTGATAGAGATTGAC
Piaal ATTGTGAGCGGATAACAAGATACTGAGCAC This study

AATTGTGAGCGGATAACAATGAATTC
CTCGAGTCCCTATCAGTGATAGAGAGATTC
- CCTATCAGTGATAGAGATTGACATTGTGAG This stud
1AA CGGATAACAAGATACTGAGCACAATTGTGA y
GCGGATAACAATGAATTC
CTCGAGAATTGTGAGCGGATAACAATTGAC
Piaa3 ATCCCTATCAGTGATAGAGATACTGAGCAC This study
ATCCCTATCAGTGATAGAGAGAATTC

CTCGAGTCCCTATCAGTGATAGAGATTGAC

Piand ATTGTGAGCGGATAACAAGATACTGAGCAC This study
ATCCCTATCAGTGATAGAGAGAATTC Construction and weight & bias
CTCGAGTCCCTATCAGTGATAGAGATTGAC | adjustment of BNeu 1

Piaas ATCCCTATCAGTGATAGAGATACTGAGCAC This study

AATTGTGAGCGGATAACAATGAATTC
CTCGAGTCCCTATCAGTGATAGAGATTGAC
ATTGTGAGCGGATAACAAGATACTGAGCAC
AATTGTGAGCGGATAACAATGATTCCCTAT
CAGTGATAGAGAGAATIC
CTCGAGTCCCTATCAGTGATAGAGATTGAC
ATTGTGAGCGGATAACAAGATACTGAGCAC
ATCCCTATCAGTGATAGAGAGATAATTGTG
AGCGGATAACAATTGAATTC
CTCGAGTCCCTATCAGTGATAGAGATTGAC
ATTGTGAGCGGATAACAAGATACTGAGCAC [Supplementary

Piaab This study

Piaa7 This study

l)lAAS
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ATCCCTATCAGTGATAGAGAGATAATTGTG
AGCGGATAACAATTGATAATTGTGAGCGGA
TAACAATTGAATIC

l)lAA9

CTCGAGTCCCTATCAGTGATAGAGATTGAC
ATTGTGAGCGGATAACAAGATACTGAGCAC
ATCCCTATCAGTGATAGAGAGATAATTGTG
AGCGGATAACAATTGATTCCCTATCAGTGA
TAGAGAGAATTC

P1aal0

CTCGAGTCCCTATCAGTGATAGAGATTGAC
ATTGTGAGCGGATAACAAGATACTGAGCAC
ATCCCTATCAGTGATAGAGAGATGATAATT
GTGAGCGGATAACAATTGATGATTCCCTAT
CAGTGATAGAGAGATGATAATTGTGAGCGG
ATAACAATTGAATTC

Praall

CTCGAGTCCCTATCAGTGATAGAGATTGAC
ATTGTGAGCGGATAACAAGATACTGAGCAC
ATCCCTATCAGTGATAGAGAGATGATAATT
GTGAGCGGATAACAATTGATGATTCCCTAT
CAGTGATAGAGAGATGATAATTGTGAGCGG
ATAACAATTGATGATTCCCTATCAGTGATA
GAGAGATGATAATTGTGAGCGGATAACAAT
TGAATTC

reference 1]

This study

This study

This study

];’INAl

CCTCGAG TTGACAT
TGTGAGCGGATAACAAGATACTGAGCACAA
TTGTGAGCGGATAACAATGAATTC

];’INA2

CTCGAG GAT

TTGACATTGTGAGCGGAT
AACAAGATACTGAGCACAATTGTGAGCGGA
TAACAATGAATTC

];’INA3

CTCGAGTAACACCGTGCGTGTTGACTATTT
ATGGTTGCAATTGT
GAGCGGATAACAATGAATTC

PlNA4

CTCGAGTAACACCGTGCGTGTTGACTATTT

ATGGTTGCAATTGT
GAGCGGATAACAATGATAATTGTGAGCGGA
TAACAATGAATTC

l)lNA5

CTCGAGAATTGTGAGCGGATAACAATTGAC
ATTGTGAGCGGATAACAAGATACTGAGCAC
ATC GAATTC

l)lNA6

CTCGAGAATTGTGAGCGGATAACAATTGAC

ATTGTGAGCGGATAACAAGATACTGAGCAC

ATC GATGAT
GAATTC

PlNA7

CTCGAGAATTGTGAGCGGATAACAATTGAC

ATTGTGAGCGGATAACAAGATACTGAGCAC

ATC GATGAT
GATGAT

GAATTC

Construction and weight & bias
adjustment of BNeu 2

This study

This study

This study

This study

This study

This study

This study

PANll

CTCGAG TTGACATC
CCTATCAGTGATAGAGATACTGAGCACATC
CCTATCAGTGATAGAGAGAATIC

PAN 12

CCTCGAG GAT

TTGACATCCCTATCAGT
GATAGAGATACTGAGCACATCCCTATCAGT
GATAGAGAGAATTC

PAN l3

CTCGAG TTGACATC
CCTATCAGTGATAGAGATACTGAGCACATC
GAATTC

PAN 14

CTCGAGTCCCTATCAGTGATAGAGATTGAC
A GATACTGAGCAC
ATCCCTATCAGTGATAGAGAGAATTC

Construction and weight & bias
adjustment of BNeu 6

This study

This study

This study

This study
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CTCGAGACCTGTAGGATCGTACAGGTTTAC
Paan GTCCCTATCAGTGATAGAGTATAGTCGAAT Construction of BNeu 3 This study
AAATCCCTATCAGTGATAGAGAGAATTC
CTCGAGACCTGTAGGATCGTACAGGTTTAC
Pian GTTTGTGAGCGGATAACAATATAGTCGAAT Construction of BNeu 4 This study
AAATTGTGAGCGGATAACAATTGAATTC
CTCGAGTAACACCGTGCGTGTTGACTATTT
Px ATGGTTGCATGTAC | Construction of BNeu 5 [Supplementary
GAATTC — reference 1]
BBa_J23102 ggﬁgﬁgigi‘é%g%?g CTCAGTCCTAGGT | truction of BNeus 3,4, 7, 9 and 10 E;‘ef;gllf’cf?]‘tary
CTCGAGACCTGTAGGATCGTACAGGTTTAC
Prux GCAAGAAAATGGTTTGTTATAGTCGAATAA Construction of BNeus 9 and 10 This study
AGAATTC
CTCGAGACCTGTAGGATCGTACAGGTTTAC
Pru* GCAAGAAAATGGTTTGTTACTTTCGAATAA | Construction of BNeu 7 [20]
AGAATTC
CTCGAGTCCCTATCAGTGATAGAGATTGAC
Prco-t ATCCCTATCAGTGATAGAGATACTGAGCAC | Construction of BNeus 5 and 8 [31]
ATCAGCAGGACGCACTGACCGAATTC
CTCGAGAATTGTGAGCGGATAACAATTGAC
Pliscot ATTGTGAGCGGATAACAAGATACTGAGCAC | Construction of BNeu 5 [31]
ATCAGCAGGACGCACTGACCGAATTC
Amplification of promoters Piaal, Piaa2,
Primer 1 GCCCTTTCGTCTTCACCTC Pual, Prua2, Panl, Pani2, Pani3 and This study
Pni4: forward primer
Amplification of promoters Piaal, Piaa2,
Primer 2 ATGTTTTTGGCGTCTTCCAT Pual, Praa2, Panl, Pani2, Pani3 and This study
Pni4: reverse primer
CGAGGCCCTTTCGTCTTCACCTCGAGAATTG [ .o . o 3 forward
Primer 3 TGAGCGGATAACAATTGACATCCCTATCAG mphication of promoter Fiaad: Torward g sedy
TGATAGAGATACTGAGCACA primer
ATGTTTTTGGCGTCTTCCATGGTACCTTTCT [\ e oo moter Puusd: reverse
Primer 4 CCTCTTTAATGAATTCTCTCTATCACTGATA ; : This study
GGGATGTGCTCAGTATCTCTATCA primer
CGAGGCCCTTTCGTCTTCACCTCGAGTCCCT [ e e oter Poasd: forward
Primer 5 ATCAGTGATAGAGATTGACATTGTGAGCGG ; : This study
ATAACAAGATACTGAGCACATC primer
ATGTTTTTGGCGTCTTCCATGGTACCTTTCT [\ e o oter Puasd: reverse
Primer 6 CCTCTTTAATGAATTCTCTCTATCACTGATA ; : This study
GGGATGTGCTCAGTATCTTGTT prumer
Primer 7 CAATTCTTTATGCCGGTGTTG Amplification of promoters Pi»5 and This study
P14 10: forward primer
Primer 8 GTCGAAGATGTTGGGGTGTT Amplification of promoters Pi»5 and This study
Piaa10: reverse primer
Primer 9 CAGAATCGTCGTATGCAGTGA Amplification of promoters P16 and This study
Piaall: forward primer
Primer 10 TTTTCCGTCATCGTCTTTCC Amplification of promoters P16 and This study
Piaall: reverse primer
Primer 11 TTGGCAGAAGCTATGAAACGA Amplification of promoters PiaaT, Pina3 | iy
and Pyan: forward primer
Primer 12 CTTGACTGGCGACGTAATCC Amplification of promoters Pisa7, Pra3 | ppic o qy
and P, ay: reverse primer
Primer 13 GCCCTTTCGTCTTCACCTC Amplification of promoters P1118 and This study
P49: forward primer
CTTGACTGGAATTCAATTGTTATCCGCTCAC [ oo ter Pract: reverse
Primer 14 AATTATCAATTGTTATCCGCTCACAATTATC ; : This study
TCTCTATCACTGATAGGGATGTGCTCAG primer
Primer 15 CTTGACTGGAATTCTCTCTATCACTGATAGG Ampliﬁcation of promoter Pi529: reverse This study
GAATCAATTGTTATCCGCTCACAATTATCTC | primer
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TCTATCACTGATAGGGATGTGCTCAG
Primer 16 CAGATGCACATATCGAGGTGA Amplification of promoters P13 and This study
Pina6: forward primer
Primer 17 GCAACTTTTTGGCGGTTG Amplification of promoters Pia3 and This study
Pina6: reverse primer

Primer 20 TGAAGAGATACGCCCTGGTT Amplification of promoter Piad, Piva7 This study

and Pjay: forward primer

Primer 21 TCTGATTTTTCTTGCGTCGAG Amplification of promoter Pad, Pa7 | i gy

and Pjay: reverse primer

Primer 22 ATCCGTGCAACTCGAGTTGACAGCTAGCTC Amplification of promoter BBa_J23102: This stud
AGTCCTAGGTAC forward primer y

Primer 23 GTTCAAGACTGAATTCGCTAGCACAGTACC | Amplification of promoter BBa_J23102: This stud
TAGGACTGAGCTAGC reverse primer y

Primer 24 CTTCACTCGACTCGAGACCTGTAGGATCGT Amplification of promoters Py, and This stud
ACAGGTTTACGCAAGAAAATGG Py *: forward primer y

Primer 25 CTGATTATGTGAATTCTTTATTCGAAAGTAA | Amplification of promoter P *: reverse This stud

mer CAAACCATTTTCTTGCGTAAACCTG primer 18 study

Primer 26 GAGACCACAATGGGCGTAAT Amplification of fluorescent protein This study

mTFP1: forward primer (1™ round)

Primer 27 CGTAAACGGTCACCTTGTTGTA Amplification of fluorescent protein This study

mTFP1: reverse primer (1° round)

Primer 28 GTCCAGTCGAGGTACCATGGTGAGCAAGGG | Amplification of fluorescent protein This stud
CGAGGAGACCACAATGGGCGTAAT mTFP1: forward primer (2" round) y
GCTTATGCTCTAGATTACTTGTACAGCTCGT Amplificati £l ¢ protei

Primer 29 CCATGCCGTCGGTGGAGTTGCGGGCCACGG | “Mmbiiiication of Tuorescent protein This study

mTFP1: reverse primer (2" round)
CGCTCTCGTAAACGGTCACCTTGTTGTA
Amplification of fluorescent protein
Primer 30 CAAGGGCGAGGAGCTGTT EGFP and mVenus: forward primer (1* This study
round)
Amplification of fluorescent protein

Primer 31 CCATGCCGAGAGTGATCC EGFP and mVenus: reverse primer (1% This study

round)

Primer 32 CTTCAGTCGAGGTACCATGGTGAGEAAGGG | £t e e o | s st
CGAGGAGCTGTT : p y

round)

Primer 33 CTGATTATGATCTAGATTACTIGTACAGCTC | £afParite et Meom | s st
GTCCATGCCGAGAGTGATCC round) ' P Y

. Amplification of fluorescent protein .

Primer 34 TGGTGAGTGTGATTAAACCAGAGA . st This study

mKO2: forward primer (1* round)

Primer 35 AATGTTGCCTTCGGTTTTCC Amplification of fluorescent protein This study

mKO2: reverse primer (1™ round)

Primer 36 GTCCAGTCGAGGTACCATGGTGAGTGTGAT | Amplification of fluorescent protein This stud
TAAACCAGAGA mKO2: forward primer (2™ round) Y
GTGATTATGATCTAGATTAGCTATGAGCTA Amplification of fluorescent protein

Primer 37 CTGCATCTTCTACCTGCTCAGTAATGTTGCC KI())Z' . nd P d This study
TTCGGTTTTCC m : reverse primer (2" round)

Primer 38 TGGATAGCACTGAGAACGTCAT Amplification of fluorescent protein E2- | p. "o 4o

Crimson: forward primer (1™ round)
Primer 39 ACCACGGTGTAGTCCTCGTT Amplification of fluorescent protein E2- | i 4o
Crimson: reverse primer (1™ round)

Primer 40 GTCCAGTCGAGGTACCATGGATAGCACTGA | Amplification of fluorescent protein E2- This stud
GAACGTCAT Crimson: forward primer (2" round) y
GATTATGATCTAGACtaCTGGAACAGGTGGT Amplification of fluorescent protein E2-

Primer 41 GGCGGGCCTCGGCGCGCTCGTACTGCTCCA Crnﬂson- reverse primer (2 lr’oun o This study
CCACGGTGTAGTCCTCGTT ’ P

Primer 42 ATGCCGACGACACATACAGA Amplification of LuxR gene: forward This study

primer (1™ round)
. Amplification of LuxR gene: reverse .

Primer 43 TGATGCCTGGCTCTAGTAGTGA . st This study

primer (1™ round)
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Primer 44 CTCCGTGGAAGGTACCATGAAAAACATAAA Ampliﬁcaltlion of LuxR gene: forward This study
TGCCGACGACACATACAGA primer (2™ round)
Primer 45 GTTCAAGACTTCTAGATGATGCCTGGCTCT Ampliﬁcaltlion of LuxR gene: reverse This study
AGTAGTGA primer (2™ round)
Amplification of gene cassette starting
Primer 46 CGAAAAGTGCCACCTGAC with promoters Ppio.1, Piaal-2, Piaad-11 This study
and P,y4: forward sequencing primer
GTCTGATTGAGAATTCATTTTTGAGGAGTTC Incorporation of RC1 upstream of EGFP
Primer 47 GGTACCATGGTGAGCAAGGGCGAGGAGCT ) . This study
GIT gene: forward primer
GTCTGATTGAGAATTCATTCGGGAGGAGTG Incorporation of RC2 upstream of EGFP
Primer 48 CGGTACCATGGTGAGCAAGGGCGAGGAGC . This study
TGIT gene: forward primer
GTCTGATTGAGAATTCATTTCGGAGGAGTG Incorporation of RC3 upstream of EGFP
Primer 49 CGGTACCATGGTGAGCAAGGGCGAGGAGC ; . This study
TGIT gene: forward primer
Primer 50 CTGATTATGTGAATTCTTTATTCGACTATAACAA Amplification of promoter Py, reverse This study
ACCATTTTCTTGCGTAAACCTG primer
Oligo 1 AATTCATTGGAGAGGAGTCCGGTAC RBSH: sense strand oligomer for This study
annealing
Oligo 2 CGGACTCCTCTCCAATG RBSH: antisense strand oligomer for This study
annealing

Table S4: Weights and biases of each cellular device (construct) used for optimizing and improving corresponding

unit bactoneuron (BNeu j).

bactg:el::lron Cellular device Wir Wi Wia Win bir bt bia biu b; S.D. of b;
1AA1 - 7.75 8.42 - - -1.26 -2.15 - -9.79 0.16
1AA2 - 10.37 9.05 - - -1.68 -0.77 - -10.94 0.29
1AA3 - 8.94 15.44 - - 0.67 -5 - -14.36 0.59
1AA4 - 6.19 11.77 - - 0.18 -5.12 - 11.45 0.198
T1AAS - 7.71 12.6 - - -1.09 -6.02 - -13.71 0.03
1AA6 - 7.2 7.07 - - -0.81 -0.64 - -7.86 0.03
BNeu 1 TAATA - 8.5 11.73 - - -1.73 -4.52 - -13.24 0.31
TAA7B(10h+6h) - 9.69 12.44 - - -2.58 -5.59 - -15.15 0.18
TAAS8 - 8.36 11.92 - - -1.47 -4.8 - -13.28 0.16
1AA9 - 7.58 12.96 - - -1.15 -6.27 - -13.98 0.18
TAA10 - 8.84 1591 - - -1.41 -8.26 - -17.21 0.16
TAAL1l - 9.94 12.44 - - -1.71 -3.55 - -13.82 0.47
IAA7B.A - 9.69 12.44 - - -2.58 -5.59 - -15.15 0.18
IAA7B.B - 9.69 12.44 - - -2.58 -5.59 - -15.15 0.18
INAGA - 9.59 -15.32 - - -2.49 7 - -2.54 0.07
INA6B - 9.11 -14.87 - - -2.12 7 - -2.12 0.007
INA6C - 9.12 -15.48 - - -1.71 7.5 - -1.67 0.07
BNeu 2 INA7A - 10.98 -14.57 - - -2.68 7.8 - -2.93 0.35
INA7A (10h+6h) - 10.8 -14.89 - - -3.3 7.14 - -3.48 0.25
INA7B - 9.51 -14.89 - - -2.12 7.5 - -2.07 0.08
INATA.A - 10.8 -14.89 - - -3.3 7.14 - -3.48 0.25
BNeu 3 AAHI1(10h+6h) - 0 13.16 10.93 - - -4.52 -2.42 -15.52 0.09
AAH2 - 0 13.16 10.93 - - -4.52 -2.42 -15.52 0.09
BNeu 4 TAHI1(10h+6h) - 10.78 0 11.98 - -2.12 - -3.17 -14.03 0.11
TAH2 - 10.78 0 11.98 - -2.12 - -3.17 -14.03 0.11
BNeu 5 NI1(10h+6h) - -10.03 -11.65 - - 3.52 3.72 - 3.62 0.14
N2 - -10.03 -11.65 - - 3.52 3.72 - 3.62 0.14
BNeu 6 ANI2C - -15.58 12.59 - - 7.5 -4.3 - -4.7 0.56
ANI2C (10h+6h) -16.25 13.2 - - 7.5 -4.64 -5.17 0.75
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ANI2C.A - | -16.25 132 N N 75 4.64 N 517 0.75
AHLBI(10h+6h) 0 0 0 10.84 - R R 321 321 R
BNeu 7 AHLB2 0 0 0 10.84 N N N 321 321 N
ATCB1(10h+6h) 0 0 12.17 0 - - -4.85 - 485 ;
BNeu 8
ATCB2 0 0 12.17 0 - N 485 - 485 -
BNew 9 ANHI1(10h+6h) - 0 10.00 | -12.94 - N 32 58 37 071
ANH2 N 0 10.00 | -12.94 N N 32 58 37 071
BNeu 10 INHI(10h+6h) N 9.42 0 -13.75 R _1.83 R 7.00 213 0.42
INH2 - 9.42 0 -13.75 - _1.83 - 7.00 213 042

Table S5: Leakage of each EGFP-expressing cellular device (construct) during weight and bias optimization of unit

bactoneurons.
Percentage
= Difference difference
4 between between
g . Percentage total total Fold Change
g Cellular Pro'moter Total leakage Highest total leakage leakage between highest
b . expressing Output leakage .
g device EGFP GL) (L) leakage 'and 'and ) signal and
- (Linax(%)) highest highest highest leakage
E leakage leakage
(ZL' Lmax) (ZL' Lmax
(%))
IAAL Piaal 0.44075 0.27818 27.82 0.16257 16.26 3.59
1AA2 Pias2 0.38592 0.26795 26.8 0.11797 11.8 3.73
1AA3 Piaa3 0.26577 0.23858 23.86 0.02719 2.72 4.19
1AA4 Piand 0.2465 0.23556 23.56 0.01094 1.09 425
1AA5 Piass 0.22367 0.17495 17.5 0.04872 4.87 5.72
BNeu 1 IAA6 Pias6 0.42029 0.26436 26.44 0.15593 15.59 3.78
IAATA P 0.12599 0.11025 11.03 0.01574 1.57 9.07
IAA7B 1An 0.0724 0.06992 6.99 0.00248 0.25 14.3
IAAS Piaa8 0.11287 0.09674 9.67 0.01613 1.61 10.33
1AA9 Pias9 0.15845 0.13822 13.82 0.02023 2.02 7.23
IAA10 Piaal0 0.23014 0.21021 21.02 0.01993 1.99 476
IAA1L Piaall 0.52619 0.49162 49.16 0.03457 3.46 2.03
INAIA 0.63673 0.28273 28.27 0.354 35.4 3.54
INAIB Pl 0.53862 0.36044 36.04 0.17819 17.82 2.77
INAIC INA 0.74802 0.45623 45.62 0.29179 29.18 2.19
INA1D 0.80989 0.45047 45.05 0.35942 35.94 2.22
INA2A 0.72654 0.37157 37.16 0.35497 35.5 2.69
INA2B _ 0.63688 0.53902 53.9 0.09787 9.79 1.86
INA2C INA 0.79001 0.51294 51.29 0.27707 27.71 1.95
INA2D 0.85405 0.4802 48.02 0.37385 37.39 2.08
INA3A 0.77393 0.38146 38.15 0.39247 39.25 2.62
INA3B 3 0.72405 0.70337 70.34 0.02067 2.07 1.42
BNeu 2 INA3C INA 0.89997 0.80164 80.16 0.09832 9.83 1.25
o INA3D 2.13488 0.8703 87.03 1.26457 126.46 1.15
INA4 Piad 1.23277 0.80884 80.88 0.42393 42.39 1.24
INASA 0.40655 0.23903 23.9 0.16752 16.75 4.18
INASB Pina’ 0.35622 0.23112 23.11 0.1251 12.51 433
INA5C 0.56242 0.38104 38.1 0.18138 18.14 2.62
INAGA 0.10504 0.06611 6.61 0.03893 3.89 15.13
INAGB Pinab 0.0933 0.06478 6.48 0.02852 2.85 15.44
INA6C 0.16935 0.08823 8.82 0.08112 8.11 11.33
INATA 0.07783 0.04258 4.26 0.03525 3.53 23.49
INA7B Pixa7 0.09163 0.04595 4.6 0.04567 4.57 21.76
INA7C 0.40418 0.34627 34.63 0.05791 5.79 2.89
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BNeu 3 AAH1 Paan 0.05393 0.0502 5.02 0.00373 0.37 19.92
BNeu 4 IAHI Pian 0.1402 0.08861 8.86 0.05159 5.16 11.29
BNeu 5 N1 Py ~0.00000 ~0.00000 ~00.00 ~0.00000 ~00.00 -
ANI1A 0.90311 0.74394 74.39 0.15917 15.92 1.34
ANIIB Pl 0.20376 0.17735 17.73 0.02642 2.64 5.64
ANIIC AN 0.2262 0.20363 20.36 0.02256 2.26 4.91
ANIID 0.63651 0.62022 62.02 0.01629 1.63 1.61
ANI2A 0.60315 0.40034 40.03 0.20281 20.28 2.5
ANI2B - 0.22933 0.17476 17.48 0.05457 5.46 5.72
ANI2C ANE 0.15726 0.10908 10.91 0.04818 4.82 9.16
BNeu 6 ANI2D 0.26405 0.23224 23.22 0.03181 3.18 431
ANI3A 3.1181 2.43408 243.41 0.68398 68.4 0.41
ANI3B - 0.51524 0.3359 33.59 0.17933 17.93 2.98
ANI3C ANE 0.44074 0.22444 22.44 0.21629 21.63 4.46
ANI3D 0.40381 0.30815 30.82 0.09566 9.57 3.25
ANI4A 0.7652 0.47934 47.93 0.28586 28.59 2.09
ANI4B Pod 0.18267 0.16603 16.6 0.01664 1.66 6.02
ANI4C ANE 0.25445 0.23556 23.56 0.0189 1.89 4.25
ANI4D 0.60619 0.59089 59.09 0.0153 1.53 1.69
BNeu 7 AHLBI Plux ¢ 0.0338 0.0338 3.38 - - 29.59
BNeu 8 ATCBI1 PLico-1 0.00778 0.00778 0.78 - - 128.53
BNeu 9 ANH1 Pani2 0.13249 0.08548 8.55 0.04701 4.7 11.7
BNeu 10 INHI Pia7 0.17488 0.09012 9.01 0.08476 8.48 11.1

Table S6: Translation initiation rate calculated from RBS calculator [Supplementary reference 3].

Operating Protein of Translation
Name of RBS Translational initiation rate Sequence (5’ -37)
Promoter .
regulation (a.u.)
R(BBa_B0034)[Supplementary  Ppiaco-1/Pricto1 CI 40767 GAATTCATTAAAGAGGAGAAAGGTACC
reference 4]
RC1 PLiaco-1 /PLieto-1 CI 2091 GAATTCATTTTTGAGGAGTTCGGTACC
RC2 PLiaco-1 /PLieto-1 CI 518 GAATTCATTCGGGAGGAGTGCGGTACC
RC3 Puiaco /Prieon CI 396 GAATTCATTTCGGAGGAGTGCGGTACC
R(BBa_B0034)[Supplementary Paan EGFP 46 GAATTCATTAAAGAGGAGAAAGGTACC
reference 4]
RH Paan EGFP 10 GAATTCATTGGAGAGGAGTCCGGTACC

Table S7: List of bacterial strains and plasmids used in this study.

Plasmid name Description Ori Antibiotic Source

selection
E. coli DH5a - - - Prof. David McMillen
E. coli DHS0Z1 - - - Prof. David McMillen
pOR-EGFP-12 Source of EGFP gene and ColEl Ori ColEl Amp Prof. David McMillen
pOR-Luc-31 Source of pl5SA Ori pl5SA Cm Prof. David McMillen
pmVenus-C1 Source of mVenus gene pUC Kan Clontech
mTFP1-pBad Source of mTFP1 gene pBR322  Amp Addgene
(Plasmid#54553)
pUCP20T-E2Crimson Source of E2-Crimson gene pBR322  Amp Addgene
(Plasmid#78473)
mKO2-pBAD Source of mKO2 gene - Amp Addgene
(Plasmid#54555)
pBW313lux-hrpR Source of LuxR gene pl5SA Kan Addgene

(Plasmid#61436)


https://doi.org/10.1101/2021.08.05.455238

bioRxiv preprint doi: https://doi.org/10.1101/2021.08.05.455238; this version posted August 5, 2021. The copyright holder for this preprint

(which was not certified by peer review) is the author/funder. All rights reserved. No reuse allowed without permission.

pXC3EGFP
pTA1EGFP
pTA2EGFP

pTA2E2-Crimson
pRC3EGFP

pRC3MKO2
pTA2cl

pRAISEGFPTcIfm
pLA2ScIfmTcIfm

pPiaalA1EGFP
pPiaa2A1EGFP
pPiaa3A1EGFP
pPiaa4A1EGFP
pPiaaSA1EGFP
pPiaa6ATEGFP
pPiaa7A1EGFP
pPiaa7C3EGFP
PPiaa7C3mVenus
pPiaa7C3E2-Crimson
pPiaa8A1EGFP
PPiaa9A1EGFP
pPiaal10ATEGFP
pPiaal 1ATEGFP
pPnalATEGFP
pPna2A1EGFP
pPna3A1EGFP
pPna4A1EGFP
pPnaSA2EGFP(F)

pPina6A2EGFP(F)
pPina7A2EGFP(F)
PPina7A2mTFPI(F)
pPa7A2E2-Crimson(R)

pPanilA2EGFP
PPani2A2EGFP
pPani2A2E2-Crimson
pPani2A2tdTomato(F)

PPAni3A2EGFP
PPAni4A2EGFP
PPaai C3EGFP(R)

PPasn C3RBSHEGFP(R)

pPian C3EGFP(R)
pTA2RBSCIEGFP
pTA2RBSC2EGFP
pTA2RBSC3EGFP
pTC3cl

pTC3RBSClcl
pTC3RBSC2cl

EGFP gene with RBS R under P, yxpromoter: source of
PLux promoter
EGFP gene with RBS R under Py 0.1 promoter

EGFP gene with RBS R under Py 0.1 promoter

E2-Crimson gene with RBS R under Py .; promoter
EGFP gene with RBS R under Py promoter

mKO2 gene with RBS R under Py promoter
Source of wild type CI gene

Source of frame-shifted CI gene

Frame-shifted CI gene with RBS R under both Py .01
promoter and Pp0.1 promoter

EGFP gene with RBS R under Pis lpromoter

EGFP gene with RBS R under Pisa2promoter

EGFP gene with RBS R under Pisa3promoter

EGFP gene with RBS R under Pisa4promoter

EGFP gene with RBS R under PissSpromoter

EGFP gene with RBS R under Piss6promoter

EGFP gene with RBS R under Pis27promoter

EGFP gene with RBS R under Piss7promoter

mVenus gene with RBS R under Piy57promoter
E2-Crimson gene with RBS R under Pjs,7promoter
EGFP gene with RBS R under Pisx8promoter

EGFP gene with RBS R under Pisx9promoter

EGFP gene with RBS R under Piss 10promoter

EGFP gene with RBS R under Pis 1 1promoter

EGFP gene with RBS R under Py lpromoter

EGFP gene with RBS R under Piva2promoter

EGFP gene with RBS R under Piya3promoter

EGFP gene with RBS R under Piya4promoter

EGFP gene with RBS R under PiyaSpromoter (Forward
direction)

EGFP gene with RBS R under Piya6promoter (Forward
direction)

EGFP gene with RBS R under Piya7promoter (Forward
direction)

mTFP1 gene with RBS R under Piya7promoter
(Forward direction)

E2-Crimson gene with RBS R under Py, 7promoter
(Reverse direction)

EGFP gene with RBS R under Pl promoter

EGFP gene with RBS R under Psni2promoter
E2-Crimson gene with RBS R under P,y 2promoter
tdTomato gene with RBS R under Psx;2promoter
(Forward direction)

EGFP gene with RBS R under Psn;3promoter

EGFP gene with RBS R under Psn4promoter

EGFP gene with RBS R under Psan promoter (Reverse
direction)

EGFP gene with RBS RH under Pa sy promoter (Reverse
direction)

EGFP gene with RBS R under Pjsy promoter

EGFP gene with RBS RC1 under Py 0.1 promoter
EGFP gene with RBS RC2 under Py 0.1 promoter
EGFP gene with RBS RC3 under Py 0.1 promoter
Wild type CI gene with RBS R under Py 0.1 promoter

Wild type CI gene with RBS RC1 under Py 0.; promoter
Wild type CI gene with RBS RC2 under Py 0.; promoter

pl5A
puC
ColE1l

ColE1l
plSA

pl5SA
ColE1l

puC
ColE1l

puC
puC
puC
puC
puC
puC
puC
pl5A
pl5A
pl5A
puC
puC
puC
puC
puC
puC
puC
puC
ColE1l

ColEl
ColEl
ColEl
ColEl

ColE1
ColE1
ColE1
ColE1

ColE1
ColE1
pl5A

pISA

pl5A
ColE1
ColE1
ColE1
pl5A

pISA
pISA

Amp
Amp

Amp
Cm

Cm
Amp

Amp
Amp

Amp
Amp
Amp
Amp
Amp
Amp
Amp
Cm

Cm

Cm

Amp
Amp
Amp
Amp
Amp
Amp
Amp
Amp
Amp

Amp
Amp
Amp
Amp

Amp
Amp
Amp
Amp

Amp
Amp
Cm

Cm
Amp
Amp
Amp
Cm

Cm
Cm

This study

[Supplementary
reference 1]
[Supplementary
reference 1]
This study
[Supplementary
reference 1]
This study
[Supplementary
reference 1]
[Supplementary
reference 1]
[Supplementary
reference 1]
This study

This study

This study

This study

This study

This study

This study

This study

This study

This study

This study

This study

This study

This study

This study

This study

This study

This study

This study

This study
This study
This study
This study

This study
This study
This study
This study

This study
This study
This study

This study

This study

This study

This study

This study
[Supplementary
reference 1]
This study

This study
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pTC3RBSC3cl Wild type CI gene with RBS RC3 under Py o.; promoter  pl5A Cm This study
pLC3cl Wild type CI gene with RBS R under Py j,c0.1 promoter pl5SA Cm This study
pLC3RBSClcl Wild type CI gene with RBS RCI1 under Py 0.1 pl5SA Cm This study
promoter
pLC3RBSC2cI Wild type CI gene with RBS RC2 under Py j,c0-1 pl5SA Cm This study
promoter
pLC3RBSC3cl Wild type CI gene with RBS RC3 under Py 0.1 pl5SA Cm This study
promoter
pTA2LuxR LuxR gene with RBS R under Py 0.; promoter ColEl Amp [Supplementary
reference 2]
pJA2LuxR(F) LuxR gene with RBS R under BBa_J23102 promoter ColEl Amp This study
(Forward direction)
pJA2LuxR(R) LuxR gene with RBS R under BBa_J23102 promoter ColEl Amp This study
(Reverse direction)
pJA2LuxR(F)Pna7E2- LuxR gene with RBS R under BBa_J23102 promoter ColEl Amp This study
Crimson(R) (Forward direction) with E2-Crimson gene with RBS R
under Piya7 promoter (Reverse direction)
pPani2A2tdTomato(F)JLu  tdTomato gene with RBS R under P,y 2promoter ColEl Amp This study
xR(R) (Forward direction) with LuxR gene with RBS R under
BBa_J23102 promoter (Reverse direction)
pXC3clfm Frame-shifted CI gene with RBS R under P, yxpromoter ~ pl5A Cm This study
pX'C3EGFP EGFP gene with RBS R under P_yx" promoter pl5SA Cm This study
pX'C3E2-Crimson E2-Crimson gene with RBS R under P.yx" promoter plSA Cm This study
pA2MCS Only MCS ColEl Amp This study
pC3MCS Only MCS plSA Cm This study
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