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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 

Promoter –gene 
cassette RBS Ori Antibiotic 

selection 
Promoter-regulator 

cassette RBS Ori Antibiotic 
selection 

BNeu 1 

IAA1 PIAA1-EGFP R pUC Amp - - - - 
IAA2 PIAA2-EGFP R pUC Amp - - - - 
IAA3 PIAA3-EGFP R pUC Amp - - - - 
IAA4 PIAA4-EGFP R pUC Amp - - - - 
IAA5 PIAA5-EGFP R pUC Amp - - - - 
IAA6 PIAA6-EGFP R pUC Amp - - - - 

IAA7A PIAA7-EGFP R pUC Amp - - - - 
IAA7B PIAA7-EGFP R p15A Cm - - - - 
IAA8 PIAA8-EGFP R pUC Amp - - - - 
IAA9 PIAA9-EGFP R pUC Amp - - - - 

IAA10 PIAA10-EGFP R pUC Amp - - - - 
IAA11 PIAA11-EGFP R pUC Amp - - - - 

IAA7B.A PIAA7-E2-Crimson R p15A Cm - - - - 
IAA7B.B PIAA7-mVenus R p15A Cm - - - - 

 
 
 
 
 
 
 
 
 
 

BNeu 2 
 
 
 
 
 
 
 
 
 
 
 

INA1A  
PINA1-EGFP 

 
 

R pUC Amp PLtetO-1 -CI R p15A Cm 
INA1B R pUC Amp PLtetO-1 -CI RC1 p15A Cm 
INA1C R pUC Amp PLtetO-1 -CI RC2 p15A Cm 
INA1D R pUC Amp PLtetO-1 -CI RC3 p15A Cm 
INA2A  

PINA2-EGFP 
 
 

R pUC Amp PLtetO-1 -CI R p15A Cm 
INA2B R pUC Amp PLtetO-1 -CI RC1 p15A Cm 
INA2C R pUC Amp PLtetO-1 -CI RC2 p15A Cm 
INA2D R pUC Amp PLtetO-1 -CI RC3 p15A Cm 
INA3A  

PINA3-EGFP 
 
 

R pUC Amp PLtetO-1 -CI R p15A Cm 
INA3B R pUC Amp PLtetO-1 -CI RC1 p15A Cm 
INA3C R pUC Amp PLtetO-1 -CI RC2 p15A Cm 
INA3D R pUC Amp PLtetO-1 -CI RC3 p15A Cm 
INA4 PINA4-EGFP R pUC Amp PLtetO-1 -CI R p15A Cm 

INA5A  
PINA5-EGFP 

 

R ColE1 Amp PLtetO-1 -CI RC1 p15A Cm 
INA5B R ColE1 Amp PLtetO-1 -CI RC2 p15A Cm 
INA5C R ColE1 Amp PLtetO-1 -CI RC3 p15A Cm 
INA6A 

PINA6-EGFP 
R ColE1 Amp PLtetO-1 -CI RC1 p15A Cm 

INA6B R ColE1 Amp PLtetO-1 -CI RC2 p15A Cm 
INA6C R ColE1 Amp PLtetO-1 -CI RC3 p15A Cm 
INA7A 

PINA7-EGFP 
R ColE1 Amp PLtetO-1 -CI RC1 p15A Cm 

INA7B R ColE1 Amp PLtetO-1 -CI RC2 p15A Cm 
INA7C R ColE1 Amp PLtetO-1 -CI RC3 p15A Cm 

INA7A.A PINA7-mTFP1 R ColE1 Amp PLtetO-1 -CI RC1 p15A Cm 

BNeu 3 
AAH1 PAAH-EGFP RBS

H p15A Cm BBa_J23102-LuxR R CoLE1 Amp 

AAH2 PAAH-E2-Crimson RBS
H p15A Cm BBa_J23102-LuxR R CoLE1 Amp 

BNeu 4 IAH1 PIAH-EGFP R p15A Cm BBa_J23102-LuxR R CoLE1 Amp 
IAH2 PIAH-tdTomato R p15A Cm BBa_J23102-LuxR R CoLE1 Amp 

BNeu 5 

N1 PR-EGFP R p15A Cm 
PLlacO-1- Frame-shifted CI* 

and PLtaetO-1- Frame-
shifted CI* 

R ColE1 Amp 

N2 PR-mKO2 R p15A Cm 
PLlacO-1- Frame-shifted CI* 

and PLtaetO-1- Frame-
shifted CI* 

R ColE1 Amp 

 
 
 
 
 
 

ANI1A  
PANI1-EGFP 

 
 

R ColE1 Amp PLlacO-1 -CI R p15A Cm 
ANI1B R ColE1 Amp PLlacO-1 -CI RC1 p15A Cm 
ANI1C R ColE1 Amp PLlacO-1 -CI RC2 p15A Cm 
ANI1D R ColE1 Amp PLlacO-1 -CI RC3 p15A Cm 
ANI2A  

PANI2-EGFP 
R ColE1 Amp PLlacO-1 -CI R p15A Cm 

ANI2B R ColE1 Amp PLlacO-1 -CI RC1 p15A Cm 
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BNeu 6 

 
 
 
 
 
 
 
 

ANI2C R ColE1 Amp PLlacO-1 -CI RC2 p15A Cm 
ANI2D R ColE1 Amp PLlacO-1 -CI RC3 p15A Cm 
ANI3A  

PANI3-EGFP 
 
 

R ColE1 Amp PLlacO-1 -CI R p15A Cm 
ANI3B R ColE1 Amp PLlacO-1 -CI RC1 p15A Cm 
ANI3C R ColE1 Amp PLlacO-1 -CI RC2 p15A Cm 
ANI3D R ColE1 Amp PLlacO-1 -CI RC3 p15A Cm 
ANI4A 

 
PANI4EGFP 

R ColE1 Amp PLlacO-1 -CI R p15A Cm 
ANI4B R ColE1 Amp PLlacO-1 -CI RC1 p15A Cm 
ANI4C R ColE1 Amp PLlacO-1 -CI RC2 p15A Cm 
ANI4D R ColE1 Amp PLlacO-1 -CI RC3 p15A Cm 

ANI2C.A PANI2-E2-Crimson R ColE1 Amp PLlacO-1 -CI RC2 p15A Cm 

BNeu 7 AHLB1 PLux*-EGFP R p15A Cm BBa_J23102-LuxR R CoLE1 Amp 
AHLB2 PLux*-E2-Crimson R p15A Cm BBa_J23102-LuxR R CoLE1 Amp 

BNeu 8 
ATCB1 PLtetO-1-E2-EGFP R ColE1 Amp - - - - 

ATCB2 PLtetO-1-E2-
Crimson R ColE1 Amp - - - - 

BNeu 9 
ANH1 PANH-EGFP R ColE1 Amp BBa_J23102-LuxR R CoLE1 Amp 

PLux-Frame-shifted CI R p15A Cm 

ANH2 PANH-tdTomato R ColE1 Amp BBa_J23102-LuxR R CoLE1 Amp 
PLux-Frame-shifted CI R p15A Cm 

BNeu 10 
INH1 PINH-EGFP R ColE1 Amp BBa_J23102-LuxR R CoLE1 Amp 

PLux-Frame-shifted CI R p15A Cm 

INH2 PINH-E2-Crimson R ColE1 Amp BBa_J23102-LuxR R CoLE1 Amp 
PLux-Frame-shifted CI R p15A Cm 

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

 

Table S3: List of Promoters, primers, oligos and RBSs. lacO1, tetO2, 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 XhoI and EcoRI restriction sites (marked in italics). 

 Name Sequence (5’ – 3’) Purpose Source 

PIAA1 
CTCGAGTCCCTATCAGTGATAGAGATTGAC
ATTGTGAGCGGATAACAAGATACTGAGCAC
AATTGTGAGCGGATAACAATGAATTC 

Construction and weight & bias 
adjustment of BNeu 1 

This study 

PIAA2 

CTCGAGTCCCTATCAGTGATAGAGAGATTC
CCTATCAGTGATAGAGATTGACATTGTGAG
CGGATAACAAGATACTGAGCACAATTGTGA
GCGGATAACAATGAATTC 

This study 

PIAA3 
CTCGAGAATTGTGAGCGGATAACAATTGAC
ATCCCTATCAGTGATAGAGATACTGAGCAC
ATCCCTATCAGTGATAGAGAGAATTC 

This study 

PIAA4 
CTCGAGTCCCTATCAGTGATAGAGATTGAC
ATTGTGAGCGGATAACAAGATACTGAGCAC
ATCCCTATCAGTGATAGAGAGAATTC 

This study 

PIAA5 
CTCGAGTCCCTATCAGTGATAGAGATTGAC
ATCCCTATCAGTGATAGAGATACTGAGCAC
AATTGTGAGCGGATAACAATGAATTC 

This study 

PIAA6 

CTCGAGTCCCTATCAGTGATAGAGATTGAC
ATTGTGAGCGGATAACAAGATACTGAGCAC
AATTGTGAGCGGATAACAATGATTCCCTAT
CAGTGATAGAGAGAATTC 

This study 

PIAA7 

CTCGAGTCCCTATCAGTGATAGAGATTGAC
ATTGTGAGCGGATAACAAGATACTGAGCAC
ATCCCTATCAGTGATAGAGAGATAATTGTG
AGCGGATAACAATTGAATTC 

This study 

PIAA8 CTCGAGTCCCTATCAGTGATAGAGATTGAC
ATTGTGAGCGGATAACAAGATACTGAGCAC

 
[Supplementary 
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ATCCCTATCAGTGATAGAGAGATAATTGTG
AGCGGATAACAATTGATAATTGTGAGCGGA
TAACAATTGAATTC 

reference 1] 

PIAA9 

CTCGAGTCCCTATCAGTGATAGAGATTGAC
ATTGTGAGCGGATAACAAGATACTGAGCAC
ATCCCTATCAGTGATAGAGAGATAATTGTG
AGCGGATAACAATTGATTCCCTATCAGTGA
TAGAGAGAATTC 

This study 

PIAA10 

CTCGAGTCCCTATCAGTGATAGAGATTGAC
ATTGTGAGCGGATAACAAGATACTGAGCAC
ATCCCTATCAGTGATAGAGAGATGATAATT
GTGAGCGGATAACAATTGATGATTCCCTAT
CAGTGATAGAGAGATGATAATTGTGAGCGG
ATAACAATTGAATTC  

This study 

PIAA11 

CTCGAGTCCCTATCAGTGATAGAGATTGAC
ATTGTGAGCGGATAACAAGATACTGAGCAC
ATCCCTATCAGTGATAGAGAGATGATAATT
GTGAGCGGATAACAATTGATGATTCCCTAT
CAGTGATAGAGAGATGATAATTGTGAGCGG
ATAACAATTGATGATTCCCTATCAGTGATA
GAGAGATGATAATTGTGAGCGGATAACAAT
TGAATTC  

This study 

PINA1 
CCTCGAGTACCTCTGGCGGTGATATTGACAT
TGTGAGCGGATAACAAGATACTGAGCACAA
TTGTGAGCGGATAACAATGAATTC 

Construction and weight & bias 
adjustment of BNeu 2 

This study 

PINA2 

CTCGAGTACCTCTGGCGGTGATAGATTACCT
CTGGCGGTGATATTGACATTGTGAGCGGAT
AACAAGATACTGAGCACAATTGTGAGCGGA
TAACAATGAATTC 

This study 

PINA3 
CTCGAGTAACACCGTGCGTGTTGACTATTTT
ACCTCTGGCGGTGATAATGGTTGCAATTGT
GAGCGGATAACAATGAATTC 

This study 

PINA4 

CTCGAGTAACACCGTGCGTGTTGACTATTTT
ACCTCTGGCGGTGATAATGGTTGCAATTGT
GAGCGGATAACAATGATAATTGTGAGCGGA
TAACAATGAATTC 

This study 

PINA5 
CTCGAGAATTGTGAGCGGATAACAATTGAC
ATTGTGAGCGGATAACAAGATACTGAGCAC
ATCTACCTCTGGCGGTGATAGAATTC 

This study 

PINA6 

CTCGAGAATTGTGAGCGGATAACAATTGAC
ATTGTGAGCGGATAACAAGATACTGAGCAC
ATCTACCTCTGGCGGTGATAGATGATTACC
TCTGGCGGTGATAGAATTC 

This study 

PINA7 

CTCGAGAATTGTGAGCGGATAACAATTGAC
ATTGTGAGCGGATAACAAGATACTGAGCAC
ATCTACCTCTGGCGGTGATAGATGATTACC
TCTGGCGGTGATAGATGATTACCTCTGGCG
GTGATAGAATTC 

This study 

PANI1 
CTCGAGTACCTCTGGCGGTGATATTGACATC
CCTATCAGTGATAGAGATACTGAGCACATC
CCTATCAGTGATAGAGAGAATTC  

Construction and weight & bias 
adjustment of BNeu 6 

This study 

PANI2 

CCTCGAGTACCTCTGGCGGTGATAGATTACC
TCTGGCGGTGATATTGACATCCCTATCAGT
GATAGAGATACTGAGCACATCCCTATCAGT
GATAGAGAGAATTC 

This study 

PANI3 
CTCGAGTACCTCTGGCGGTGATATTGACATC
CCTATCAGTGATAGAGATACTGAGCACATC
TACCTCTGGCGGTGATAGAATTC 

This study 

PANI4 
CTCGAGTCCCTATCAGTGATAGAGATTGAC
ATACCTCTGGCGGTGATAGATACTGAGCAC
ATCCCTATCAGTGATAGAGAGAATTC 

This study 
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PAAH 
CTCGAGACCTGTAGGATCGTACAGGTTTAC
GTCCCTATCAGTGATAGAGTATAGTCGAAT
AAATCCCTATCAGTGATAGAGAGAATTC 

Construction of BNeu 3 This study 

PIAH 
CTCGAGACCTGTAGGATCGTACAGGTTTAC
GTTTGTGAGCGGATAACAATATAGTCGAAT
AAATTGTGAGCGGATAACAATTGAATTC 

Construction of BNeu 4 This study 

PR 
CTCGAGTAACACCGTGCGTGTTGACTATTTT
ACCTCTGGCGGTGATAATGGTTGCATGTAC
GAATTC 

Construction of BNeu 5 [Supplementary 
reference 1] 

BBa_J23102 CTCGAGTTGACAGCTAGCTCAGTCCTAGGT
ACTGTGCTAGCGAATTC Construction of BNeus 3, 4, 7, 9 and 10 [Supplementary 

reference 2] 

PLux 
CTCGAGACCTGTAGGATCGTACAGGTTTAC
GCAAGAAAATGGTTTGTTATAGTCGAATAA
AGAATTC 

Construction of BNeus 9 and 10 This study 

PLux* 
CTCGAGACCTGTAGGATCGTACAGGTTTAC
GCAAGAAAATGGTTTGTTACTTTCGAATAA
AGAATTC 

Construction of BNeu 7 [20] 

PLtetO-1 
CTCGAGTCCCTATCAGTGATAGAGATTGAC
ATCCCTATCAGTGATAGAGATACTGAGCAC
ATCAGCAGGACGCACTGACCGAATTC 

Construction of BNeus 5 and 8 [31] 

PLlacO-1 
CTCGAGAATTGTGAGCGGATAACAATTGAC
ATTGTGAGCGGATAACAAGATACTGAGCAC
ATCAGCAGGACGCACTGACCGAATTC 

Construction of BNeu 5 [31] 

Primer 1 GCCCTTTCGTCTTCACCTC  
Amplification of promoters PIAA1, PIAA2, 
PINA1, PINA2, PANI1, PANI2, PANI3 and 
PANI4: forward primer 

This study 

Primer 2 ATGTTTTTGGCGTCTTCCAT  
Amplification of promoters PIAA1, PIAA2, 
PINA1, PINA2, PANI1, PANI2, PANI3 and 
PANI4: reverse primer 

This study 

Primer 3 
CGAGGCCCTTTCGTCTTCACCTCGAGAATTG
TGAGCGGATAACAATTGACATCCCTATCAG
TGATAGAGATACTGAGCACA 

Amplification of promoter PIAA3: forward 
primer This study 

Primer 4 
ATGTTTTTGGCGTCTTCCATGGTACCTTTCT
CCTCTTTAATGAATTCTCTCTATCACTGATA
GGGATGTGCTCAGTATCTCTATCA 

Amplification of promoter PIAA3: reverse 
primer This study 

Primer 5 
CGAGGCCCTTTCGTCTTCACCTCGAGTCCCT
ATCAGTGATAGAGATTGACATTGTGAGCGG
ATAACAAGATACTGAGCACATC 

Amplification of promoter PIAA4: forward 
primer This study 

Primer 6 
ATGTTTTTGGCGTCTTCCATGGTACCTTTCT
CCTCTTTAATGAATTCTCTCTATCACTGATA
GGGATGTGCTCAGTATCTTGTT 

Amplification of promoter PIAA4: reverse 
primer This study 

Primer 7 CAATTCTTTATGCCGGTGTTG Amplification of promoters PIAA5 and 
PIAA10: forward primer This study	
  

Primer 8 GTCGAAGATGTTGGGGTGTT Amplification of promoters PIAA5 and 
PIAA10: reverse primer This study	
  

Primer 9 CAGAATCGTCGTATGCAGTGA Amplification of promoters PIAA6 and 
PIAA11: forward primer This study	
  

Primer 10 TTTTCCGTCATCGTCTTTCC Amplification of promoters PIAA6 and 
PIAA11: reverse primer This study	
  

Primer 11 TTGGCAGAAGCTATGAAACGA Amplification of promoters PIAA7, PINA5 
and PAAH: forward primer This study	
  

Primer 12 CTTGACTGGCGACGTAATCC Amplification of promoters PIAA7, PINA5 
and PAAH: reverse primer This study	
  

Primer 13 GCCCTTTCGTCTTCACCTC Amplification of promoters PIAA8 and 
PIAA9: forward primer This study	
  

Primer 14 
CTTGACTGGAATTCAATTGTTATCCGCTCAC
AATTATCAATTGTTATCCGCTCACAATTATC
TCTCTATCACTGATAGGGATGTGCTCAG 

Amplification of promoter PIAA8: reverse 
primer This study	
  

Primer 15 CTTGACTGGAATTCTCTCTATCACTGATAGG
GAATCAATTGTTATCCGCTCACAATTATCTC

Amplification of promoter PIAA9: reverse 
primer This study	
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TCTATCACTGATAGGGATGTGCTCAG 

Primer 16 CAGATGCACATATCGAGGTGA Amplification of promoters PINA3 and 
PINA6: forward primer This study	
  

Primer 17 GCAACTTTTTGGCGGTTG Amplification of promoters PINA3 and 
PINA6: reverse primer This study	
  

Primer 20 TGAAGAGATACGCCCTGGTT Amplification of promoter PINA4, PINA7 
and PIAH: forward primer This study	
  

Primer 21 TCTGATTTTTCTTGCGTCGAG Amplification of promoter PINA4, PINA7 
and PIAH: reverse primer This study	
  

Primer 22 ATCCGTGCAACTCGAGTTGACAGCTAGCTC
AGTCCTAGGTAC 

Amplification of promoter BBa_J23102: 
forward primer This study	
  

Primer 23 GTTCAAGACTGAATTCGCTAGCACAGTACC
TAGGACTGAGCTAGC 

Amplification of promoter BBa_J23102: 
reverse primer This study	
  

Primer 24 CTTCACTCGACTCGAGACCTGTAGGATCGT
ACAGGTTTACGCAAGAAAATGG 

Amplification of promoters PLux and 
PLux*: forward primer This study	
  

Primer 25 CTGATTATGTGAATTCTTTATTCGAAAGTAA
CAAACCATTTTCTTGCGTAAACCTG 

Amplification of promoter PLux*: reverse 
primer This study	
  

Primer 26 GAGACCACAATGGGCGTAAT Amplification of fluorescent protein 
mTFP1: forward primer (1st round) This study	
  

Primer 27 CGTAAACGGTCACCTTGTTGTA Amplification of fluorescent protein 
mTFP1: reverse primer (1st round) This study	
  

Primer 28 GTCCAGTCGAGGTACCATGGTGAGCAAGGG
CGAGGAGACCACAATGGGCGTAAT 

Amplification of fluorescent protein 
mTFP1: forward primer (2nd round) This study	
  

Primer 29 
GCTTATGCTCTAGATTACTTGTACAGCTCGT
CCATGCCGTCGGTGGAGTTGCGGGCCACGG
CGCTCTCGTAAACGGTCACCTTGTTGTA 

Amplification of fluorescent protein 
mTFP1: reverse primer (2nd round) This study	
  

Primer 30 CAAGGGCGAGGAGCTGTT 
Amplification of fluorescent protein 
EGFP and mVenus: forward primer (1st 
round) 

This study	
  

Primer 31 CCATGCCGAGAGTGATCC 
Amplification of fluorescent protein 
EGFP and mVenus: reverse primer (1st 
round) 

This study	
  

Primer 32 CTTCAGTCGAGGTACCATGGTGAGCAAGGG
CGAGGAGCTGTT 

Amplification of fluorescent protein 
EGFP and mVenus: forward primer (2nd 
round) 

This study	
  

Primer 33 CTGATTATGATCTAGATTACTTGTACAGCTC
GTCCATGCCGAGAGTGATCC 

Amplification of fluorescent protein 
EGFP and mVenus: reverse primer (2nd 
round) 

This study	
  

Primer 34 TGGTGAGTGTGATTAAACCAGAGA Amplification of fluorescent protein 
mKO2: forward primer (1st round) This study	
  

Primer 35 AATGTTGCCTTCGGTTTTCC Amplification of fluorescent protein 
mKO2: reverse primer (1st round) This study	
  

Primer 36 GTCCAGTCGAGGTACCATGGTGAGTGTGAT
TAAACCAGAGA 

Amplification of fluorescent protein 
mKO2: forward primer (2nd round) This study	
  

Primer 37 
GTGATTATGATCTAGATTAGCTATGAGCTA
CTGCATCTTCTACCTGCTCAGTAATGTTGCC
TTCGGTTTTCC 

Amplification of fluorescent protein 
mKO2: reverse primer (2nd round) This study	
  

Primer 38 TGGATAGCACTGAGAACGTCAT Amplification of fluorescent protein E2-
Crimson: forward primer (1st round) This study	
  

Primer 39 ACCACGGTGTAGTCCTCGTT Amplification of fluorescent protein E2-
Crimson: reverse primer (1st round) This study	
  

Primer 40 GTCCAGTCGAGGTACCATGGATAGCACTGA
GAACGTCAT 

Amplification of fluorescent protein E2-
Crimson: forward primer (2nd round) This study	
  

Primer 41 
GATTATGATCTAGActaCTGGAACAGGTGGT
GGCGGGCCTCGGCGCGCTCGTACTGCTCCA
CCACGGTGTAGTCCTCGTT 

Amplification of fluorescent protein E2-
Crimson: reverse primer (2nd round) This study	
  

Primer 42 ATGCCGACGACACATACAGA Amplification of LuxR gene: forward 
primer (1st round) This study	
  

Primer 43 TGATGCCTGGCTCTAGTAGTGA Amplification of LuxR gene: reverse 
primer (1st round) This study	
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Primer 44 CTCCGTGGAAGGTACCATGAAAAACATAAA
TGCCGACGACACATACAGA 

Amplification of LuxR gene: forward 
primer (2nd round) This study	
  

Primer 45 GTTCAAGACTTCTAGATGATGCCTGGCTCT
AGTAGTGA 

Amplification of LuxR gene: reverse 
primer (2nd round) This study	
  

Primer 46 CGAAAAGTGCCACCTGAC 
Amplification of gene cassette starting 
with promoters PLtetO-1, PIAA1-2, PIAA4-11 
and PANI4: forward sequencing primer 

This study	
  

Primer 47 
GTCTGATTGAGAATTCATTTTTGAGGAGTTC
GGTACCATGGTGAGCAAGGGCGAGGAGCT
GTT 

Incorporation of RC1 upstream of EGFP 
gene: forward primer This study	
  

Primer 48 
GTCTGATTGAGAATTCATTCGGGAGGAGTG
CGGTACCATGGTGAGCAAGGGCGAGGAGC
TGTT 

Incorporation of RC2 upstream of EGFP 
gene: forward primer This study	
  

Primer 49 
GTCTGATTGAGAATTCATTTCGGAGGAGTG
CGGTACCATGGTGAGCAAGGGCGAGGAGC
TGTT 

Incorporation of RC3 upstream of EGFP 
gene: forward primer This study	
  

Primer 50	
   CTGATTATGTGAATTCTTTATTCGACTATAACAA
ACCATTTTCTTGCGTAAACCTG	
  

Amplification of promoter PLux: reverse 
primer	
   This study	
  

Oligo 1 AATTCATTGGAGAGGAGTCCGGTAC RBSH: sense strand oligomer for 
annealing This study	
  

Oligo 2 CGGACTCCTCTCCAATG RBSH: antisense strand oligomer for 
annealing This study	
  

 

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

unit bactoneuron (BNeu j).  
Unit 

bactoneuron Cellular device wjR wjI wjA wjH bjR bjI bjA bjH bj S.D. of bj 

BNeu 1 

IAA1 - 7.75 8.42 - - -1.26 -2.15 - -9.79 0.16 
IAA2 - 10.37 9.05 - - -1.68 -0.77 - -10.94 0.29 
IAA3 - 8.94 15.44 - - 0.67 -5 - -14.36 0.59 
IAA4 - 6.19 11.77 - - 0.18 -5.12 - 11.45 0.198 
IAA5 - 7.71 12.6 - - -1.09 -6.02 - -13.71 0.03 
IAA6 - 7.2 7.07 - - -0.81 -0.64 - -7.86 0.03 

IAA7A - 8.5 11.73 - - -1.73 -4.52 - -13.24 0.31 
IAA7B(10h+6h) - 9.69 12.44 - - -2.58 -5.59 - -15.15 0.18 

IAA8 - 8.36 11.92 - - -1.47 -4.8 - -13.28 0.16 
IAA9 - 7.58 12.96 - - -1.15 -6.27 - -13.98 0.18 

IAA10 - 8.84 15.91 - - -1.41 -8.26 - -17.21 0.16 
IAA11 - 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 

BNeu 2 

INA6A - 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 
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 

INA7A.A - 10.8 -14.89 - - -3.3 7.14 - -3.48 0.25 

BNeu 3 AAH1(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 IAH1(10h+6h) - 10.78 0 11.98 - -2.12 - -3.17 -14.03 0.11 
IAH2 - 10.78 0 11.98 - -2.12 - -3.17 -14.03 0.11 

BNeu 5 N1(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 13.2 - - 7.5 -4.64 - -5.17 0.75 

BNeu 7 AHLB1(10h+6h) 0 0 0 10.84 - - - -3.21 -3.21 - 
AHLB2 0 0 0 10.84 - - - -3.21 -3.21 - 

BNeu 8 ATCB1(10h+6h) 0 0 12.17 0 - - -4.85 - -4.85 - 
ATCB2 0 0 12.17 0 - - -4.85 - -4.85 - 

BNeu 9 ANH1(10h+6h) - 0 10.00 -12.94 - - -3.2 5.8 -3.7 0.71 
ANH2 - 0 10.00 -12.94 - - -3.2 5.8 -3.7 0.71 

BNeu 10 INH1(10h+6h) - 9.42 0 -13.75 - -1.83 - 7.00 -2.13 0.42 
INH2  - 9.42 0 -13.75 - -1.83 - 7.00 -2.13 0.42 

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

bactoneurons.  

U
ni

t b
ac

to
ne

ur
on

 

Cellular 
device 

Promoter 
expressing Output 

EGFP 

Total leakage 
(∑L) 

Highest 
leakage 
(Lmax) 

Percentage 
total 

leakage 
(Lmax(%)) 

Difference 
between 

total 
leakage 

and 
highest 
leakage 

(∑L- Lmax) 

Percentage 
difference 
between 

total 
leakage 

and 
highest 
leakage 

(∑L- Lmax 

(%)) 

Fold Change 
between highest 

signal and 
highest leakage  

BNeu 1 

IAA1 PIAA1 0.44075 0.27818 27.82 0.16257 16.26 3.59 
IAA2 PIAA2 0.38592 0.26795 26.8 0.11797 11.8 3.73 
IAA3 PIAA3 0.26577 0.23858 23.86 0.02719 2.72 4.19 
IAA4 PIAA4 0.2465 0.23556 23.56 0.01094 1.09 4.25 
IAA5 PIAA5 0.22367 0.17495 17.5 0.04872 4.87 5.72 
IAA6 PIAA6 0.42029 0.26436 26.44 0.15593 15.59 3.78 

IAA7A PIAA7 0.12599 0.11025 11.03 0.01574 1.57 9.07 
IAA7B 0.0724 0.06992 6.99 0.00248 0.25 14.3 
IAA8 PIAA8 0.11287 0.09674 9.67 0.01613 1.61 10.33 
IAA9 PIAA9 0.15845 0.13822 13.82 0.02023 2.02 7.23 

IAA10 PIAA10 0.23014 0.21021 21.02 0.01993 1.99 4.76 
IAA11 PIAA11 0.52619 0.49162 49.16 0.03457 3.46 2.03 

BNeu 2 

INA1A 

PINA1 

0.63673 0.28273 28.27 0.354 35.4 3.54 
INA1B 0.53862 0.36044 36.04 0.17819 17.82 2.77 
INA1C 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 

PINA2 

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 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 

PINA3 

0.77393 0.38146 38.15 0.39247 39.25 2.62 
INA3B 0.72405 0.70337 70.34 0.02067 2.07 1.42 
INA3C 0.89997 0.80164 80.16 0.09832 9.83 1.25 
INA3D 2.13488 0.8703 87.03 1.26457 126.46 1.15 
INA4 PINA4 1.23277 0.80884 80.88 0.42393 42.39 1.24 

INA5A 
PINA5 

0.40655 0.23903 23.9 0.16752 16.75 4.18 
INA5B 0.35622 0.23112 23.11 0.1251 12.51 4.33 
INA5C 0.56242 0.38104 38.1 0.18138 18.14 2.62 
INA6A 

PINA6 
0.10504 0.06611 6.61 0.03893 3.89 15.13 

INA6B 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 
INA7A 

PINA7 
0.07783 0.04258 4.26 0.03525 3.53 23.49 

INA7B 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 PAAH 0.05393 0.0502 5.02 0.00373 0.37 19.92 
BNeu 4 IAH1 PIAH 0.1402 0.08861 8.86 0.05159 5.16 11.29 
BNeu 5 N1 PR ~0.00000 ~0.00000 ~00.00 ~0.00000 ~00.00 - 

BNeu 6 
 

ANI1A 

PANI1 

0.90311 0.74394 74.39 0.15917 15.92 1.34 
ANI1B 0.20376 0.17735 17.73 0.02642 2.64 5.64 
ANI1C 0.2262 0.20363 20.36 0.02256 2.26 4.91 
ANI1D 0.63651 0.62022 62.02 0.01629 1.63 1.61 
ANI2A 

PANI2 

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 0.15726 0.10908 10.91 0.04818 4.82 9.16 
ANI2D 0.26405 0.23224 23.22 0.03181 3.18 4.31 
ANI3A 

PANI3 

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 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 

PANI4 

0.7652 0.47934 47.93 0.28586 28.59 2.09 
ANI4B 0.18267 0.16603 16.6 0.01664 1.66 6.02 
ANI4C 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 AHLB1 PLux * 0.0338 0.0338 3.38 - - 29.59 
BNeu 8 ATCB1 PLtetO-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 INH1 PINA7 0.17488 0.09012 9.01 0.08476 8.48 11.1 

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

Name of RBS Operating 
Promoter 

Protein of 
Translational 

regulation  

Translation 
initiation rate 

(a.u.) 
Sequence (5’ – 3’) 

R(BBa_B0034)[Supplementary 
reference 4] 

PLlacO-1 /PLtetO-1 CI 40767 GAATTCATTAAAGAGGAGAAAGGTACC 

RC1 PLlacO-1 /PLtetO-1 CI 2091 GAATTCATTTTTGAGGAGTTCGGTACC 
RC2 PLlacO-1 /PLtetO-1 CI 518 GAATTCATTCGGGAGGAGTGCGGTACC 
RC3 PLlacO-1 /PLtetO-1 CI 396 GAATTCATTTCGGAGGAGTGCGGTACC 

R(BBa_B0034)[Supplementary 
reference 4] 

PAAH EGFP 46 GAATTCATTAAAGAGGAGAAAGGTACC 

RH PAAH EGFP 10 GAATTCATTGGAGAGGAGTCCGGTACC 

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

Plasmid name Description Ori Antibiotic 
selection 

Source 

E. coli DH5α - - - Prof. David McMillen 

E. coli DH5αZ1 - - - Prof. David McMillen 
pOR-EGFP-12 Source of EGFP gene and ColE1 Ori ColE1 Amp Prof. David McMillen 
pOR-Luc-31 Source of p15A Ori p15A Cm Prof. David McMillen 
pmVenus-C1 Source of mVenus gene pUC Kan Clontech 
mTFP1-pBad 
(Plasmid#54553) 

Source of mTFP1 gene pBR322 Amp Addgene 

pUCP20T-E2Crimson 
(Plasmid#78473) 

Source of E2-Crimson gene pBR322 Amp Addgene 

mKO2-pBAD 
(Plasmid#54555) 

Source of mKO2 gene - Amp Addgene 

pBW313lux-hrpR 
(Plasmid#61436) 

Source of LuxR gene p15A Kan Addgene 

(which was not certified by peer review) is the author/funder. All rights reserved. No reuse allowed without permission. 
The copyright holder for this preprintthis version posted August 5, 2021. ; https://doi.org/10.1101/2021.08.05.455238doi: bioRxiv preprint 

https://doi.org/10.1101/2021.08.05.455238


45	
  
	
  

pXC3EGFP EGFP gene with RBS R under PLUXpromoter: source of 
PLUX promoter 

p15A Cm This study 

pTA1EGFP EGFP gene with RBS R under PLtetO-1 promoter pUC Amp [Supplementary 
reference 1] 

pTA2EGFP EGFP gene with RBS R under PLtetO-1 promoter ColE1 Amp [Supplementary 
reference 1] 

pTA2E2-Crimson E2-Crimson gene with RBS R under PLtetO-1 promoter ColE1 Amp This study 
pRC3EGFP EGFP gene with RBS R under PR promoter p15A Cm [Supplementary 

reference 1] 
pRC3MKO2 mKO2 gene with RBS R under PR promoter p15A Cm This study 
pTA2cI Source of wild type CI gene ColE1 Amp [Supplementary 

reference 1] 
pRA1SEGFPTcIfm Source of frame-shifted CI gene pUC Amp [Supplementary 

reference 1] 
pLA2ScIfmTcIfm Frame-shifted CI gene with RBS R under both PLlacO-1 

promoter and PLtetO-1 promoter 
ColE1 Amp [Supplementary 

reference 1] 
pPIAA1A1EGFP EGFP gene with RBS R under PIAA1promoter pUC Amp This study 
pPIAA2A1EGFP EGFP gene with RBS R under PIAA2promoter pUC Amp This study 
pPIAA3A1EGFP EGFP gene with RBS R under PIAA3promoter pUC Amp This study 
pPIAA4A1EGFP EGFP gene with RBS R under PIAA4promoter pUC Amp This study 
pPIAA5A1EGFP EGFP gene with RBS R under PIAA5promoter pUC Amp This study 
pPIAA6A1EGFP EGFP gene with RBS R under PIAA6promoter pUC Amp This study 
pPIAA7A1EGFP EGFP gene with RBS R under PIAA7promoter pUC Amp This study 
pPIAA7C3EGFP EGFP gene with RBS R under PIAA7promoter p15A Cm This study 
pPIAA7C3mVenus mVenus gene with RBS R under PIAA7promoter p15A Cm This study 
pPIAA7C3E2-Crimson E2-Crimson gene with RBS R under PIAA7promoter p15A Cm This study 
pPIAA8A1EGFP EGFP gene with RBS R under PIAA8promoter pUC Amp This study 
pPIAA9A1EGFP EGFP gene with RBS R under PIAA9promoter pUC Amp This study 
pPIAA10A1EGFP EGFP gene with RBS R under PIAA10promoter pUC Amp This study 
pPIAA11A1EGFP EGFP gene with RBS R under PIAA11promoter pUC Amp This study 
pPINA1A1EGFP EGFP gene with RBS R under PINA1promoter pUC Amp This study 
pPINA2A1EGFP EGFP gene with RBS R under PINA2promoter pUC Amp This study 
pPINA3A1EGFP EGFP gene with RBS R under PINA3promoter pUC Amp This study 
pPINA4A1EGFP EGFP gene with RBS R under PINA4promoter pUC Amp This study 
pPINA5A2EGFP(F) EGFP gene with RBS R under PINA5promoter (Forward 

direction) 
ColE1 Amp This study 

pPINA6A2EGFP(F) EGFP gene with RBS R under PINA6promoter (Forward 
direction) 

ColE1 Amp This study 

pPINA7A2EGFP(F) EGFP gene with RBS R under PINA7promoter (Forward 
direction) 

ColE1 Amp This study 

pPINA7A2mTFP1(F) mTFP1 gene with RBS R under PINA7promoter 
(Forward direction) 

ColE1 Amp This study 

pPINA7A2E2-Crimson(R) E2-Crimson gene with RBS R under PINA7promoter 
(Reverse direction) 

ColE1 Amp This study 

pPANI1A2EGFP EGFP gene with RBS R under PANI1promoter ColE1 Amp This study 
pPANI2A2EGFP EGFP gene with RBS R under PANI2promoter ColE1 Amp This study 
pPANI2A2E2-Crimson E2-Crimson gene with RBS R under PANI2promoter ColE1 Amp This study 
pPANI2A2tdTomato(F) tdTomato gene with RBS R under PANI2promoter 

(Forward direction) 
ColE1 Amp This study 

pPANI3A2EGFP EGFP gene with RBS R under PANI3promoter ColE1 Amp This study 
pPANI4A2EGFP EGFP gene with RBS R under PANI4promoter ColE1 Amp This study 
pPAAH C3EGFP(R) EGFP gene with RBS R under PAAH promoter (Reverse 

direction) 
p15A Cm This study 

pPAAH C3RBSHEGFP(R) EGFP gene with RBS RH under PAAH promoter (Reverse 
direction) 

p15A Cm This study 

pPIAH C3EGFP(R) EGFP gene with RBS R under PIAH promoter p15A Cm This study 
pTA2RBSC1EGFP EGFP gene with RBS RC1 under PLtetO-1 promoter ColE1 Amp This study 
pTA2RBSC2EGFP EGFP gene with RBS RC2 under PLtetO-1 promoter ColE1 Amp This study 
pTA2RBSC3EGFP EGFP gene with RBS RC3 under PLtetO-1 promoter ColE1 Amp This study 
pTC3cI Wild type CI gene with RBS R under PLtetO-1 promoter p15A Cm [Supplementary 

reference 1] 
pTC3RBSC1cI Wild type CI gene with RBS RC1 under PLtetO-1 promoter p15A Cm This study 
pTC3RBSC2cI Wild type CI gene with RBS RC2 under PLtetO-1 promoter p15A Cm This study 
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pTC3RBSC3cI Wild type CI gene with RBS RC3 under PLtetO-1 promoter p15A Cm This study 
pLC3cI Wild type CI gene with RBS R under PLlacO-1 promoter p15A Cm This study 
pLC3RBSC1cI Wild type CI gene with RBS RC1 under PLlacO-1 

promoter 
p15A Cm This study 

pLC3RBSC2cI Wild type CI gene with RBS RC2 under PLlacO-1 

promoter 
p15A Cm This study 

pLC3RBSC3cI Wild type CI gene with RBS RC3 under PLlacO-1 

promoter 
p15A Cm This study 

pTA2LuxR LuxR gene with RBS R under PLtetO-1 promoter ColE1 Amp  [Supplementary 
reference 2] 

pJA2LuxR(F) LuxR gene with RBS R under BBa_J23102 promoter 
(Forward direction) 

ColE1 Amp This study 

pJA2LuxR(R) LuxR gene with RBS R under BBa_J23102 promoter 
(Reverse direction) 

ColE1 Amp This study 

pJA2LuxR(F)PINA7E2-
Crimson(R) 

LuxR gene with RBS R under BBa_J23102 promoter 
(Forward direction) with E2-Crimson gene with RBS R 
under PINA7 promoter (Reverse direction) 

ColE1 Amp This study 

pPANI2A2tdTomato(F)JLu
xR(R) 

tdTomato gene with RBS R under PANI2promoter 
(Forward direction) with LuxR gene with RBS R under 
BBa_J23102 promoter (Reverse direction) 

ColE1 Amp This study 

pXC3cIfm Frame-shifted CI gene with RBS R under PLUXpromoter p15A Cm This study 
pX*C3EGFP EGFP gene with RBS R under PLUX

* promoter p15A Cm This study 
pX*C3E2-Crimson E2-Crimson gene with RBS R under PLUX

* promoter p15A Cm This study 
pA2MCS Only MCS ColE1 Amp This study 
pC3MCS Only MCS p15A Cm This study 
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