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SI Methods
To determine the ratio of Escherichia coli in the cI and Cro
states in a population, we titered the E. coli to yield at least
100 single colonies on lactose indicator plates, and also plated
at a 100-fold lower dilution, yielding at least 10,000 colonies.

On the latter plates colonies could not be counted but it was
possible to recognize rare colonies of a distinct phenotype.
Thus, in Figs. 2–4 and Fig. S6, where it is stated that 100% or
0% of cells have a certain phenotype, the limit of detection is
about 1/104.
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gttagcctcccgccccggtgatgactatcaactggcacgggaaccgttaaagctggaagccattctggcgcgcgcgcgcaaagagggttacggacagaactaccgcggctgggatcaggaggagaagatcgcctctatcgccgtaccgctgcgcagtgaacaacgggtga5'

mhpR

 170

ttggctgtctgaatctggtgtatatggcgagcgcaatgaccattgaacaggcagcggaaaagcatcttccggcgctacaacgggtagcaaaacagatcgaagaaggggttgaatcgcaggctattctggtggccggaaggcgaagcggcatgcatttacgttgacaccat5'

mhpR

 340

cgttagaagaactcgtcaagaaggcgatagaaggcgatgcgctgcgaatcgggagcggcgataccgtaaagcacgaggaagcggtcagcccattcgccgccaagctcttcagcaatatcacgggtagccaacgctatgtcctgatagcggtccgccacacccagccggcc5'

Kanamycin Resistance Cassette

 510

acagtcgatgaatccagaaaagcggccattttccaccatgatattcggcaagcaggcatcgccatgggtcacgacgagatcctcgccgtcgggcatgcgcgccttgagcctggcgaacagttcggctggcgcgagcccctgatgctcttcgtccagatcatcctgatcga5'

Kanamycin Resistance Cassette

 680

caagaccggcttccatccgagtacgtgctcgctcgatgcgatgtttcgcttggtggtcgaatgggcaggtagccggatcaagcgtatgcagccgccgcattgcatcagccatgatggatactttctcggcaggagcaaggtgagatgacaggagatcctgccccggcact5'

Kanamycin Resistance Cassette

 850

tcgcccaatagcagccagtcccttcccgcttcagtgacaacgtcgagcacagctgcgcaaggaacgcccgtcgtggccagccacgatagccgcgctgcctcgtcctgcagttcattcagggcaccggacaggtcggtcttgacaaaaagaaccgggcgcccctgcgctga5'

Kanamycin Resistance Cassette

 1020

cagccggaacacggcggcatcagagcagccgattgtctgttgtgcccagtcatagccgaatagcctctccacccaagcggccggagaacctgcgtgcaatccatcttgttcaatcatgcgaaacgatcctcatcctgtctcttgatcagatcttgatcccctgcgccatc5'

Kanamycin Resistance Cassette

 1190

agatccttggcggcaagaaagccatccagtttactttgcagggcttcccaaccttaccagagggcgccccagctggcaattccggttcgcttgctgtccatagtggtcagtgcgtcctgctgatgtgctcagtatcaccgccagtggtatttatgtcaacaccgccagag5'

OLKanamycin Resistance Cassette

 1360

ataatttatcaccgcagatggttatctgtatgttttttatatgaatttattttttgcaggggggcattgtttggtaggtgagagatctgaattgctatgtttagtgagttgtatctatttatttttcaataaatacaattggttatgtgttttgggggcgatcgtgaggc5'

OL

 1530

aaagaaaacccggcgctgaggccgggttattcttgttctctggtcaaattatatagttggaaaacaaggatgcatatatgaatgaacgatgcagaggcaatgccgatggcgatagtgggtatcatgtagccgcttatgctggaaagaagcaataacccgcagaaaaacaa5'

 1700

agctccaagctcaacaaaactaagggcatagacaataactaccgatgtcatatacccatactctctaatcttggccagtcggcgcgttctgcttccgattagaaacgtcaaggcagcaatcaggattgcaatcatggttcctgcatatgatgacaatgtcgccccaagac5'

 1870

catctctatgagctgaaaaagaaacaccaggaatgtagtggcggaaaaggagatagcaaatgcttacgataacgtaaggaattattactatgtaaacaccaggcatgattctgttccgcataattactcctgataattaatccttaactttgcccacctgccttttaaaa5'

 2040

cattccagtatatcacttttcattcttgcgtagcaatatgccatctcttcagctatctcagcattggtgaccttgttcagaggcgctgagagatggcctttttctgatagataatgttctgttaaaatatctccggcctcatcttttgcccgcaggctaatgtctgaaaa5'

 2210

ttgaggtgacgggttaaaaataatatccttggcaaccttttttatatcccttttaaattttggcttaatgactatatccaatgagtcaaaaagctccccttcaatatctgttgcccctaagacctttaatatatcgccaaatacaggtagcttggcttctaccttcaccg5'

 2380

ttgttcggccgatgaaatgcatatgcataacatcgtctttggtggttcccctcatcagtggctctatctgaacgcgctctccactgcttaatgacattcctttcccgattaaaaaatctgtcagatcggatgtggtcggcccgaaaacagttctggcaaaaccaatggtg5'

 2550

tcgccttcaacaaacaaaaaagatgggaatcccaatgattcgtcatctgcgaggctgttcttaatatcttcaactgaagctttagagcgatttatcttctgaaccagactcttgtcatttgttttggtaaagagaaaagtttttccatcgattttatgaatatacaaata5'

 2720

attggagccaacctgcaggtgatgattatcagccagcagagaattaaggaaaacagacaggtttattgagcgcttatctttccctttatttttgctgcggtaagtcgcataaaaaccattcttcataattcaatccatttactatgttatgttctgaggggagtgaaaat5'

 2890

tcccctaattcgatgaagattcttgctcaattgttatcagctatgcgccgaccagaacaccttgccgatcagccaaacgtctcttcaggccactgactagcgataactttccccacaacggaacaactctcattgcatgggatcattgggtactgtgggtttagtggttg5'

cI857

 3060

taaaaacacctgaccgctatccctgatcagtttcttgaaggtaaactcatcacccccaagtctggctatgcagaaatcacctggctcaacagcctgctcagggtcaacgagaattaacattccgtcaggaaagcttggcttggagcctgttggtgcggtcatggaattac5'

cI857

 3230

cttcaacctcaagccagaatgcagaatcactggcttttttggttgtgcttacccatctctccgcatcacctttggtaaaggttctaagcttaggtgagaacatccctgcctgaacatgagaaaaaacagggtactcatactcacttctaagtgacggctgcatactaacc5'

cI857

 3400

gcttcatacatctcgtagatttctctggcgattgaagggctaaattcttcaacgctaactttgagaatttttgtaagcaatgcggcgttataagcatttaatgcattgatgccattaaataaagcaccaacgcctgactgccccatccccatcttgtctgcgacagattc5'

cI857

T...T

 3570

ctgggataagccaagttcatttttctttttttcataaattgctttaaggcgacgtgcgtcctcaagctgctcttgtgttaatggtttcttttttgtgctcatacgttaaatctatcaccgcaagggataaatatctaacaccgtgcgtgttgactattttacctctggcg5'

ORcI857

 3740

gtgataatggttgcatgtactaaggaggttgtatggaacaacgcataaccctgaaagattatgcaatgcgctttgggcaaaccaagacagctaaagatctcggcgtatatcaaagcgcgatcaacaaggccattcatgcaggccgaaagatttttttaactataaacgct5'

cro5' UTROR

 3910

gatggaagcgtttatgcggaagaggtaaagcccttcccgagtaacaaaaaaacaacagcataaataaccccgctcttacacattccagccctgaaaaagggcatcaaattaaaccacacctatggtgtatgcatttatttgcatacattcaatcaattgttatctaagga5'

cro N-utilization right

3' UTR

rho utilization site (rutA)

rho utilization site (rutB)

 4080

aatgaccatgattacggattcactggccgtcgttttacaacgtcgtgactgggaaaaccctggcgttacccaacttaatcgccttgcagcacatccccctttcgccagctggcgtaatagcgaagaggcccgcaccgatcgcccttcccaacagttgcgcagcctgaatg5'

lacZ

 4250

gcgaatggcgctttgcctggtttccggcaccagaagcggtgccggaaagctggctggagtgcgatcttcctgaggccgatactgtcgtcgtcccctcaaactggcagatgcacggttacgatgcgcccatctacaccaacgtgacctatcccattacggtcaatccgccg5'

lacZ

Fig. S1. Memory element in PAS129.
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gttagcctcccgccccggtgatgactatcaactggcacgggaaccgttaaagctggaagccattctggcgcgcgcgcgcaaagagggttacggacagaactaccgcggctgggatcaggaggagaagatcgcctctatcgccgtaccgctgcgcagtgaacaacgggtga5'

mhpR

 170

ttggctgtctgaatctggtgtatatggcgagcgcaatgaccattgaacaggcagcggaaaagcatcttccggcgctacaacgggtagcaaaacagatcgaagaaggggttgaatcgcaggctattctggtggccggaaggcgaagcggcatgcatttacgttgacaccat5'

mhpR

 340

cgttagaagaactcgtcaagaaggcgatagaaggcgatgcgctgcgaatcgggagcggcgataccgtaaagcacgaggaagcggtcagcccattcgccgccaagctcttcagcaatatcacgggtagccaacgctatgtcctgatagcggtccgccacacccagccggcc5'

Kanamycin Resistance Cassette

 510

acagtcgatgaatccagaaaagcggccattttccaccatgatattcggcaagcaggcatcgccatgggtcacgacgagatcctcgccgtcgggcatgcgcgccttgagcctggcgaacagttcggctggcgcgagcccctgatgctcttcgtccagatcatcctgatcga5'

Kanamycin Resistance Cassette

 680

caagaccggcttccatccgagtacgtgctcgctcgatgcgatgtttcgcttggtggtcgaatgggcaggtagccggatcaagcgtatgcagccgccgcattgcatcagccatgatggatactttctcggcaggagcaaggtgagatgacaggagatcctgccccggcact5'

Kanamycin Resistance Cassette

 850

tcgcccaatagcagccagtcccttcccgcttcagtgacaacgtcgagcacagctgcgcaaggaacgcccgtcgtggccagccacgatagccgcgctgcctcgtcctgcagttcattcagggcaccggacaggtcggtcttgacaaaaagaaccgggcgcccctgcgctga5'

Kanamycin Resistance Cassette

 1020

cagccggaacacggcggcatcagagcagccgattgtctgttgtgcccagtcatagccgaatagcctctccacccaagcggccggagaacctgcgtgcaatccatcttgttcaatcatgcgaaacgatcctcatcctgtctcttgatcagatcttgatcccctgcgccatc5'

Kanamycin Resistance Cassette

 1190

agatccttggcggcaagaaagccatccagtttactttgcagggcttcccaaccttaccagagggcgccccagctggcaattccggttcgcttgctgtccatagtggtcagtgcgtcctgctgatgtgctcagtatcaccgccagtggtatttatgtcaacaccgccagag5'

OLKanamycin Resistance Cassette

 1360

ataatttatcaccgcagatggttatctgtatgttttttatatgaatttattttttgcaggggggcattgtttggtaggtgagagatctgaattgctatgtttagtgagttgtatctatttatttttcaataaatacaattggttatgtgttttgggggcgatcgtgaggc5'

OL

 1530

aaagaaaacccggcgctgaggccgggttattcttgttctctggtcaaattatatagttggaaaacaaggatgcatatatgaatgaacgatgcagaggcaatgccgatggcgatagtgggtatcatgtagccgcttatgctggaaagaagcaataacccgcagaaaaacaa5'

 1700

agctccaagctcaacaaaactaagggcatagacaataactaccgatgtcatatacccatactctctaatcttggccagtcggcgcgttctgcttccgattagaaacgtcaaggcagcaatcaggattgcaatcatggttcctgcatatgatgacaatgtcgccccaagac5'

 1870

catctctatgagctgaaaaagaaacaccaggaatgtagtggcggaaaaggagatagcaaatgcttacgataacgtaaggaattattactatgtaaacaccaggcatgattctgttccgcataattactcctgataattaatccttaactttgcccacctgccttttaaaa5'

 2040

cattccagtatatcacttttcattcttgcgtagcaatatgccatctcttcagctatctcagcattggtgaccttgttcagaggcgctgagagatggcctttttctgatagataatgttctgttaaaatatctccggcctcatcttttgcccgcaggctaatgtctgaaaa5'

 2210

ttgaggtgacgggttaaaaataatatccttggcaaccttttttatatcccttttaaattttggcttaatgactatatccaatgagtcaaaaagctccccttcaatatctgttgcccctaagacctttaatatatcgccaaatacaggtagcttggcttctaccttcaccg5'

 2380

ttgttcggccgatgaaatgcatatgcataacatcgtctttggtggttcccctcatcagtggctctatctgaacgcgctctccactgcttaatgacattcctttcccgattaaaaaatctgtcagatcggatgtggtcggcccgaaaacagttctggcaaaaccaatggtg5'

 2550

tcgccttcaacaaacaaaaaagatgggaatcccaatgattcgtcatctgcgaggctgttcttaatatcttcaactgaagctttagagcgatttatcttctgaaccagactcttgtcatttgttttggtaaagagaaaagtttttccatcgattttatgaatatacaaata5'

 2720

attggagccaacctgcaggtgatgattatcagccagcagagaattaaggaaaacagacaggtttattgagcgcttatctttccctttatttttgctgcggtaagtcgcataaaaaccattcttcataattcaatccatttactatgttatgttctgaggggagtgaaaat5'

 2890

tcccctaattcgatgaagattcttgctcaattgttatcagctatgcgccgaccagaacaccttgccgatcagccaaacgtctcttcaggccactgactagcgataactttccccacaacggaacaactctcattgcatgggatcattgggtactgtgggtttagtggttg5'

cI+ ind-

 3060

taaaaacacctgaccgctatccctgatcagtttcttgaaggtaaactcatcacccccaagtctggctatgcagaaatcacctggctcaacagcctgctcagggtcaacgagaattaacattccgtcaggaaagcttggcttggagcctgttggtgcggtcatggaattac5'

cI+ ind-

 3230

cttcaacctcaagccagaatgcagaatcactggcttttttggttgtgcttacccatctctccgcatcacctttggtaaaggttctaagcttaggtgagaacatccctgcctgaacatgagaaaaaacagggtactcatactcacttctaagtgacggctgcatactaacc5'

cI+ ind-

 3400

gcttcatacatctcgtagatttctctggcgattgaagggctaaattcttcaacgctaactttgagaatttttgcaagcaatgcggcgttataagcatttaatgcattgatgccattaaataaagcaccaacgcctgactgccccatccccatcttgtctgcgacagattc5'

cI+ ind-

 3570

ctgggataagccaagttcatttttctttttttcataaattgctttaaggcgacgtgcgtcctcaagctgctcttgtgttaatggtttcttttttgtgctcatacgttaaatctatcaccgcaagggataaatatctaacaccgtgcgtgttgactattttacctctggcg5'

ORcI+ ind-

 3740

gtgataatggttgcatgtactaaggaggttgtatggaacaacgcataaccctgaaagattatgcaatgcgctttgggcaaaccaagacagctaaagatctcggcgtatatcaaagcgcgatcaacaaggccattcatgcaggccgaaagatttttttaactataaacgct5'

cro5' UTROR

 3910

gatggaagcgtttatgcggaagaggtaaagcccttcccgagtaacaaaaaaacaacagcataaataaccccgctcttacacattccagccctgaaaaagggcatcaaattaaaccacacctatggtgtatgcatttatttgcatacattcaatcaattgttatctaagga5'

cro N-utilization right

3' UTR

rho utilization site (rutA)

rho utilization site (rutB)

 4080

aatgaccatgattacggattcactggccgtcgttttacaacgtcgtgactgggaaaaccctggcgttacccaacttaatcgccttgcagcacatccccctttcgccagctggcgtaatagcgaagaggcccgcaccgatcgcccttcccaacagttgcgcagcctgaatg5'

lacZ

 4250

gcgaatggcgctttgcctggtttccggcaccagaagcggtgccggaaagctggctggagtgcgatcttcctgaggccgatactgtcgtcgtcccctcaaactggcagatgcacggttacgatgcgcccatctacaccaacgtgacctatcccattacggtcaatccgccg5'

lacZ

Fig. S2. Memory element in PAS130.
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gttagcctcccgccccggtgatgactatcaactggcacgggaaccgttaaagctggaagccattctggcgcgcgcgcgcaaagagggttacggacagaactaccgcggctgggatcaggaggagaagatcgcctctatcgccgtaccgctgcgcagtgaacaacgggtga5'

mhpR

 170

ttggctgtctgaatctggtgtatatggcgagcgcaatgaccattgaacaggcagcggaaaagcatcttccggcgctacaacgggtagcaaaacagatcgaagaaggggttgaatcgcaggctattctggtggccggaaggcgaagcggcatgcatttacgttgacaccat5'

mhpR

 340

cgttagaagaactcgtcaagaaggcgatagaaggcgatgcgctgcgaatcgggagcggcgataccgtaaagcacgaggaagcggtcagcccattcgccgccaagctcttcagcaatatcacgggtagccaacgctatgtcctgatagcggtccgccacacccagccggcc5'

Kanamycin Resistance Cassette

 510

acagtcgatgaatccagaaaagcggccattttccaccatgatattcggcaagcaggcatcgccatgggtcacgacgagatcctcgccgtcgggcatgcgcgccttgagcctggcgaacagttcggctggcgcgagcccctgatgctcttcgtccagatcatcctgatcga5'

Kanamycin Resistance Cassette

 680

caagaccggcttccatccgagtacgtgctcgctcgatgcgatgtttcgcttggtggtcgaatgggcaggtagccggatcaagcgtatgcagccgccgcattgcatcagccatgatggatactttctcggcaggagcaaggtgagatgacaggagatcctgccccggcact5'

Kanamycin Resistance Cassette

 850

tcgcccaatagcagccagtcccttcccgcttcagtgacaacgtcgagcacagctgcgcaaggaacgcccgtcgtggccagccacgatagccgcgctgcctcgtcctgcagttcattcagggcaccggacaggtcggtcttgacaaaaagaaccgggcgcccctgcgctga5'

Kanamycin Resistance Cassette

 1020

cagccggaacacggcggcatcagagcagccgattgtctgttgtgcccagtcatagccgaatagcctctccacccaagcggccggagaacctgcgtgcaatccatcttgttcaatcatgcgaaacgatcctcatcctgtctcttgatcagatcttgatcccctgcgccatc5'

Kanamycin Resistance Cassette

 1190

agatccttggcggcaagaaagccatccagtttactttgcagggcttcccaaccttaccagagggcgccccagctggcaattccggttcgcttgctgtccatagtggtcagtgcgtcctgctgatgtgctcagtatcaccgccagtggtatttatgtcaacaccgccagag5'

OLKanamycin Resistance Cassette

 1360

ataatttatcaccgcagatggttatctgtatgttttttatatgaatttattttttgcaggggggcattgtttggtaggtgagagatctgaattgctatgtttagtgagttgtatctatttatttttcaataaatacaattggttatgtgttttgggggcgatcgtgaggc5'

OL

 1530

aaagaaaacccggcgctgaggccgggttattcttgttctctggtcaaattatatagttggaaaacaaggatgcatatatgaatgaacgatgcagaggcaatgccgatggcgatagtgggtatcatgtagccgcttatgctggaaagaagcaataacccgcagaaaaacaa5'

 1700

agctccaagctcaacaaaactaagggcatagacaataactaccgatgtcatatacccatactctctaatcttggccagtcggcgcgttctgcttccgattagaaacgtcaaggcagcaatcaggattgcaatcatggttcctgcatatgatgacaatgtcgccccaagac5'

 1870

catctctatgagctgaaaaagaaacaccaggaatgtagtggcggaaaaggagatagcaaatgcttacgataacgtaaggaattattactatgtaaacaccaggcatgattctgttccgcataattactcctgataattaatccttaactttgcccacctgccttttaaaa5'

 2040

cattccagtatatcacttttcattcttgcgtagcaatatgccatctcttcagctatctcagcattggtgaccttgttcagaggcgctgagagatggcctttttctgatagataatgttctgttaaaatatctccggcctcatcttttgcccgcaggctaatgtctgaaaa5'

 2210

ttgaggtgacgggttaaaaataatatccttggcaaccttttttatatcccttttaaattttggcttaatgactatatccaatgagtcaaaaagctccccttcaatatctgttgcccctaagacctttaatatatcgccaaatacaggtagcttggcttctaccttcaccg5'

 2380

ttgttcggccgatgaaatgcatatgcataacatcgtctttggtggttcccctcatcagtggctctatctgaacgcgctctccactgcttaatgacattcctttcccgattaaaaaatctgtcagatcggatgtggtcggcccgaaaacagttctggcaaaaccaatggtg5'

 2550

tcgccttcaacaaacaaaaaagatgggaatcccaatgattcgtcatctgcgaggctgttcttaatatcttcaactgaagctttagagcgatttatcttctgaaccagactcttgtcatttgttttggtaaagagaaaagtttttccatcgattttatgaatatacaaata5'

 2720

attggagccaacctgcaggtgatgattatcagccagcagagaattaaggaaaacagacaggtttattgagcgcttatctttccctttatttttgctgcggtaagtcgcataaaaaccattcttcataattcaatccatttactatgttatgttctgaggggagtgaaaat5'

 2890

tcccctaattcgatgaagattcttgctcaattgttatcagctatgcgccgaccagaacaccttgccgatcagccaaacgtctcttcaggccactgactagcgataactttccccacaacggaacaactctcattgcatgggatcattgggtactgtgggtttagtggttg5'

cI857

 3060

taaaaacacctgaccgctatccctgatcagtttcttgaaggtaaactcatcacccccaagtctggctatgcagaaatcacctggctcaacagcctgctcagggtcaacgagaattaacattccgtcaggaaagcttggcttggagcctgttggtgcggtcatggaattac5'

cI857

 3230

cttcaacctcaagccagaatgcagaatcactggcttttttggttgtgcttacccatctctccgcatcacctttggtaaaggttctaagcttaggtgagaacatccctgcctgaacatgagaaaaaacagggtactcatactcacttctaagtgacggctgcatactaacc5'

cI857

 3400

gcttcatacatctcgtagatttctctggcgattgaagggctaaattcttcaacgctaactttgagaatttttgtaagcaatgcggcgttataagcatttaatgcattgatgccattaaataaagcaccaacgcctgactgccccatccccatcttgtctgcgacagattc5'

cI857

T...T

 3570

ctgggataagccaagttcatttttctttttttcataaattgctttaaggcgacgtgcgtcctcaagctgctcttgtgttaatggtttcttttttgtgctcatacgttaaatctatcaccgcaagggataaatatctaacaccgtgcgtgttgactattttacctctggcg5'

ORcI857

 3740

gtgataatggttgcatgtactaaggaggttgtatggaacaacgcataaccctgaaagattatgcaatgcgctttgggcaaaccaagacagctaaagatctcggcgtatatcaaagcgcgatcaacaaggccattcatgcaggccgaaagatttttttaactataaacgct5'

cro5' UTROR

 3910

gatggaagcgtttatgcggaagaggtaaagcccttcccgagtaacaaaaaaacaacagcataaatgaccatgattacggattcactggccgtcgttttacaacgtcgtgactgggaaaaccctggcgttacccaacttaatcgccttgcagcacatccccctttcgccag5'

cro lacZ

 4080

ctggcgtaatagcgaagaggcccgcaccgatcgcccttcccaacagttgcgcagcctgaatggcgaatggcgctttgcctggtttccggcaccagaagcggtgccggaaagctggctggagtgcgatcttcctgaggccgatactgtcgtcgtcccctcaaactggcaga5'

lacZ

 4250

tgcacggttacgatgcgcccatctacaccaacgtgacctatcccattacggtcaatccgccg5'

lacZ

Fig. S3. Memory element in PAS131.
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gttagcctcccgccccggtgatgactatcaactggcacgggaaccgttaaagctggaagccattctggcgcgcgcgcgcaaagagggttacggacagaactaccgcggctgggatcaggaggagaagatcgcctctatcgccgtaccgctgcgcagtgaacaacgggtga5'

mhpR

 170

ttggctgtctgaatctggtgtatatggcgagcgcaatgaccattgaacaggcagcggaaaagcatcttccggcgctacaacgggtagcaaaacagatcgaagaaggggttgaatcgcaggctattctggtggccggaaggcgaagcggcatgcatttacgttgacaccat5'

mhpR

 340

cgttagaagaactcgtcaagaaggcgatagaaggcgatgcgctgcgaatcgggagcggcgataccgtaaagcacgaggaagcggtcagcccattcgccgccaagctcttcagcaatatcacgggtagccaacgctatgtcctgatagcggtccgccacacccagccggcc5'

Kanamycin Resistance Cassette

 510

acagtcgatgaatccagaaaagcggccattttccaccatgatattcggcaagcaggcatcgccatgggtcacgacgagatcctcgccgtcgggcatgcgcgccttgagcctggcgaacagttcggctggcgcgagcccctgatgctcttcgtccagatcatcctgatcga5'

Kanamycin Resistance Cassette

 680

caagaccggcttccatccgagtacgtgctcgctcgatgcgatgtttcgcttggtggtcgaatgggcaggtagccggatcaagcgtatgcagccgccgcattgcatcagccatgatggatactttctcggcaggagcaaggtgagatgacaggagatcctgccccggcact5'

Kanamycin Resistance Cassette

 850

tcgcccaatagcagccagtcccttcccgcttcagtgacaacgtcgagcacagctgcgcaaggaacgcccgtcgtggccagccacgatagccgcgctgcctcgtcctgcagttcattcagggcaccggacaggtcggtcttgacaaaaagaaccgggcgcccctgcgctga5'

Kanamycin Resistance Cassette

 1020

cagccggaacacggcggcatcagagcagccgattgtctgttgtgcccagtcatagccgaatagcctctccacccaagcggccggagaacctgcgtgcaatccatcttgttcaatcatgcgaaacgatcctcatcctgtctcttgatcagatcttgatcccctgcgccatc5'

Kanamycin Resistance Cassette

 1190

agatccttggcggcaagaaagccatccagtttactttgcagggcttcccaaccttaccagagggcgccccagctggcaattccggttcgcttgctgtccatagtggtcagtgcgtcctgctgatgtgctcagtatcaccgccagtggtatttatgtcaacaccgccagag5'

OLKanamycin Resistance Cassette

 1360

ataatttatcaccgcagatggttatctgtatgttttttatatgaatttattttttgcaggggggcattgtttggtaggtgagagatctgaattgctatgtttagtgagttgtatctatttatttttcaataaatacaattggttatgtgttttgggggcgatcgtgaggc5'

OL

 1530

aaagaaaacccggcgctgaggccgggttattcttgttctctggtcaaattatatagttggaaaacaaggatgcatatatgaatgaacgatgcagaggcaatgccgatggcgatagtgggtatcatgtagccgcttatgctggaaagaagcaataacccgcagaaaaacaa5'

 1700

agctccaagctcaacaaaactaagggcatagacaataactaccgatgtcatatacccatactctctaatcttggccagtcggcgcgttctgcttccgattagaaacgtcaaggcagcaatcaggattgcaatcatggttcctgcatatgatgacaatgtcgccccaagac5'

 1870

catctctatgagctgaaaaagaaacaccaggaatgtagtggcggaaaaggagatagcaaatgcttacgataacgtaaggaattattactatgtaaacaccaggcatgattctgttccgcataattactcctgataattaatccttaactttgcccacctgccttttaaaa5'

 2040

cattccagtatatcacttttcattcttgcgtagcaatatgccatctcttcagctatctcagcattggtgaccttgttcagaggcgctgagagatggcctttttctgatagataatgttctgttaaaatatctccggcctcatcttttgcccgcaggctaatgtctgaaaa5'

 2210

ttgaggtgacgggttaaaaataatatccttggcaaccttttttatatcccttttaaattttggcttaatgactatatccaatgagtcaaaaagctccccttcaatatctgttgcccctaagacctttaatatatcgccaaatacaggtagcttggcttctaccttcaccg5'

 2380

ttgttcggccgatgaaatgcatatgcataacatcgtctttggtggttcccctcatcagtggctctatctgaacgcgctctccactgcttaatgacattcctttcccgattaaaaaatctgtcagatcggatgtggtcggcccgaaaacagttctggcaaaaccaatggtg5'

 2550

tcgccttcaacaaacaaaaaagatgggaatcccaatgattcgtcatctgcgaggctgttcttaatatcttcaactgaagctttagagcgatttatcttctgaaccagactcttgtcatttgttttggtaaagagaaaagtttttccatcgattttatgaatatacaaata5'

 2720

attggagccaacctgcaggtgatgattatcagccagcagagaattaaggaaaacagacaggtttattgagcgcttatctttccctttatttttgctgcggtaagtcgcataaaaaccattcttcataattcaatccatttactatgttatgttctgaggggagtgaaaat5'

 2890

tcccctaattcgatgaagattcttgctcaattgttatcagctatgcgccgaccagaacaccttgccgatcagccaaacgtctcttcaggccactgactagcgataactttccccacaacggaacaactctcattgcatgggatcattgggtactgtgggtttagtggttg5'

cI+ ind-

 3060

taaaaacacctgaccgctatccctgatcagtttcttgaaggtaaactcatcacccccaagtctggctatgcagaaatcacctggctcaacagcctgctcagggtcaacgagaattaacattccgtcaggaaagcttggcttggagcctgttggtgcggtcatggaattac5'

cI+ ind-

 3230

cttcaacctcaagccagaatgcagaatcactggcttttttggttgtgcttacccatctctccgcatcacctttggtaaaggttctaagcttaggtgagaacatccctgcctgaacatgagaaaaaacagggtactcatactcacttctaagtgacggctgcatactaacc5'

cI+ ind-

 3400

gcttcatacatctcgtagatttctctggcgattgaagggctaaattcttcaacgctaactttgagaatttttgcaagcaatgcggcgttataagcatttaatgcattgatgccattaaataaagcaccaacgcctgactgccccatccccatcttgtctgcgacagattc5'

cI+ ind-

 3570

ctgggataagccaagttcatttttctttttttcataaattgctttaaggcgacgtgcgtcctcaagctgctcttgtgttaatggtttcttttttgtgctcatacgttaaatctatcaccgcaagggataaatatctaacaccgtgcgtgttgactattttacctctggcg5'

ORcI+ ind-

 3740

gtgataatggttgcatgtactaaggaggttgtatggaacaacgcataaccctgaaagattatgcaatgcgctttgggcaaaccaagacagctaaagatctcggcgtatatcaaagcgcgatcaacaaggccattcatgcaggccgaaagatttttttaactataaacgct5'

cro5' UTROR

 3910

gatggaagcgtttatgcggaagaggtaaagcccttcccgagtaacaaaaaaacaacagcataaatgaccatgattacggattcactggccgtcgttttacaacgtcgtgactgggaaaaccctggcgttacccaacttaatcgccttgcagcacatccccctttcgccag5'

cro lacZ

 4080

ctggcgtaatagcgaagaggcccgcaccgatcgcccttcccaacagttgcgcagcctgaatggcgaatggcgctttgcctggtttccggcaccagaagcggtgccggaaagctggctggagtgcgatcttcctgaggccgatactgtcgtcgtcccctcaaactggcaga5'

lacZ

 4250

tgcacggttacgatgcgcccatctacaccaacgtgacctatcccattacggtcaatccgccg5'

lacZ

Fig. S4. Memory element in PAS132.
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accactctacgctggtggcgatctcttcaccggtagcgcagtccaccgccaaagctcgcacagaatcactgccaaaatcgaggccaattgcaatcgccatcgtttcactccatccaaaaaaacgggtatggagaaacagt5'

araB P...D

 140

agagagttgcgataaaaagcgtcaggtaggatccgctaatcttatggataaaaatgctatggcatagcaaagtgtgaaccagcaatagacataagcggctatttaacgaccctgccctgaaccgacgaccgggtcgaatt5'

P-BAD chloramphenicol resistance cassette

 280

tgctttcgaatttctgccattcatccgcttattatcacttattcaggcgtagcaccaggcgtttaagggcaccaataactgccttaaaaaaattacgccccgccctgccactcatcgcagtactgttgtaattcattaag5'

chloramphenicol resistance cassette

 420

cattctgccgacatggaagccatcacagacggcatgatgaacctgaatcgccagcggcatcagcaccttgtcgccttgcgtataatatttgcccatggtgaaaacgggggcgaagaagttgtccatattggccacgttta5'

chloramphenicol resistance cassette

 560

aatcaaaactggtgaaactcacccagggattggctgagacgaaaaacatattctcaataaaccctttagggaaataggccaggttttcaccgtaacacgccacatcttgcgaatatatgtgtagaaactgccggaaatcg5'

chloramphenicol resistance cassette

 700

tcgtggtattcactccagagcgatgaaaacgtttcagtttgctcatggaaaacggtgtaacaagggtgaacactatcccatatcaccagctcaccgtctttcattgccatacggaattccggatgagcattcatcaggcg5'

chloramphenicol resistance cassette

 840

ggcaagaatgtgaataaaggccggataaaacttgtgcttatttttctttacggtctttaaaaaggccgtaatatccagctgaacggtctggttataggtacattgagcaactgactgaaatgcctcaaaatgttctttac5'

chloramphenicol resistance cassette

 980

gatgccattgggatatatcaacggtggtatatccagtgatttttttctccattttagcttccttagctcctgaaaatctcgataactcaaaaaatacgcccggtagtgatcttatttcattatggtgaaagttggaacct5'

chloramphenicol resistance cassette

 1120

cttacgtgccgatcaacgtctcattttcgccaaaagttggcccagggcttcccggtatcaacagggacaccaggatttatttattctgcgaagtgatcttccgtcacattaagacccactttcacatttaagttgttttt5'

chloramphenicol resistance cassette tetR

 1260

ctaatccgcatatgatcaattcaaggccgaataagaaggctggctctgcaccttggtgatcaaataattcgatagcttgtcgtaataatggcggcatactatcagtagtaggtgtttccctttcttctttagcgacttga5'

tetR

 1400

tgctcttgatcttccaatacgcaacctaaagtaaaatgccccacagcgctgagtgcatataatgcattctctagtgaaaaaccttgttggcataaaaaggctaattgattttcgagagtttcatactgtttttctgtagg5'

tetR

 1540

ccgtgtacctaaatgtacttttgctccatcgcgatgacttagtaaagcacatctaaaacttttagcgttattacgtaaaaaatcttgccagctttccccttctaaagggcaaaagtgagtatggtgcctatctaacatct5'

tetR

 1680

caatggctaaggcgtcgagcaaagcccgcttattttttacatgccaatacaatgtaggctgctctacacctagcttctgggcgagtttacgggttgttaaaccttcgattccgacctcattaagcagctctaatgcgctg5'

tetR

 1820

ttaatcactttacttttatctaatctagacatcattaattcctaatttttgttgacactctatcattgatagagttattttaccactccctatcagtgatagagaaaagtgaaatgtactaaggaggttgtatggaacaa5'

tetR tetA promoter element cro

 1960

cgcataaccctgaaagattatgcaatgcgctttgggcaaaccaagacagctaaagaCctcggcgtatatcaaagcgcgatcaacaaggccattcatgcaggccgaaagatttttttaactataaacgctgatggaagcgt5'

cro

 2100

ttatgcggaagaggtaaagcccttcccgagtaacaaaaaaacaacagcataacgccgtgcaaataatcaatgtggacttttctgccgtgattatagacacttttgttacgcgtttttgtcatggctttggtcccgctttg5'

P-araCcro

 2240

ttacagaatgcttttaataagcggggttaccggttgggttagcgagaagagccagtaaaagacgcagtgacggcaatgtctgatgcaatatggacaattggtttcttctctgaatggtgggagtatgaaaagtatggctg5'

araC

 2380

aagcgcaaaatgatcccctgctgccgggatactcgtttaacgcccatctggtggcgggtttaacgccgattgaggccaacggttatctcgatt5'

araC

Fig. S5. The tetP-cro trigger element used in this study.

Kotula et al. www.pnas.org/cgi/content/short/1321321111 6 of 11

www.pnas.org/cgi/content/short/1321321111


Fig. S6. Identification of a memory element with optimal switching properties. (A) Memory elements 11–14, which were integrated into strains PAS129-
PAS132, were evaluated for switching in response to anhydrotetracycline (ATC). (B) PAS129-PAS132 were evaluated for switching in response to an incubation
temperature of 42 °C, without ATC. For both panels, points represent the means ± SD of three or more independent samples.
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Fig. S7. Growth curves of engineered strains in brain-heart infusion (BHI) media. (A) Growth of MG1655 and PAS132 in BHI media without ATC. (B) Growth of
MG1655 and PAS132 in BHI media with ATC. (C) Growth of NGF1 and PAS133 in BHI media without ATC. (D) Growth of NGF1 and PAS133 in BHI media with
ATC. (E) Growth of PAS132 and PAS133 in BHI media without ATC. (F) Growth of PAS132 and PAS133 in BHI media with ATC. (G) Growth of MG1655 and
PAS132 in M9 glucose + casamino acids media without ATC. (H) Growth of MG1655 and PAS132 in M9 glucose + casamino acids media with ATC. (I) Growth of
PAS132 and PAS133 in M9 glucose + casamino acids media without ATC. (J) Growth of PAS132 and PAS133 in M9 glucose + casamino acids media with ATC.

Kotula et al. www.pnas.org/cgi/content/short/1321321111 8 of 11

www.pnas.org/cgi/content/short/1321321111


acgcgggttagatccgcagacaccctttgttgtcgaagccacgccgctcgaagcagatgccttacgccgcgaactcgccaactacgatgttattttgaggttttgaggcgtttatgctgcacacattacatcgctcaccc5'

yheL

 140

tggctgacggattttgctgcgctgctgcgtctgctcagtgaaggagacgaactgctattattgcaagatggcgtaactgccgcagttgacggtaaccgctaccttgaaagtctgcgtaatgcccccattaaggtctatgc5'

yheL

 280

cctgaacgaagaccttattgcccgcggtttgactggtcaaatttcgaacgacatcattctcattgactatactgatttcgtcagacttacggttaagcaccccagccagatggcctggtgatggcgggatcgttgtatat5'

yheL

 420

ttcttgacaccttttcggcatcgccctaaaattcggcgtcctcatattgtgtgaggacgttttattacgtgtttacgaagcaaaagctaaaaccaggagctatttaatggcaacagttaaccagctggtacgcaaaccac5'

rpsL

 560

gtgctcgcaaagttgcgaaaagcaacgtgcctgcgctggaagcatgcccgcaaaaacgtggcgtatgtactcgtgtatatactaccactcctagaaaaccgaactccgcgctgcgtaaagtatgccgtgttcgtctgact5'

rpsL

 700

aacggtttcgaagtgacttcctacatcggtggtgaaggtcacaacctgcaggagcactccgtgatcctgatccgtggcggtcgtgttaaagacctcccgggtgttcgttaccacaccgtacgtggtgcgcttgactgctc5'

rpsL

 840

cggcgttaaagaccgtaagcaggctcgttccaagtatggcgtgaagcgtcctaaggcttaatggttctccgttaagtaaggccaaacgttttaacttaaatgtcaaactaaactcgtagagttttggacaatcctgaatt5'

rpsL

 980

aacaacggagtatttccatgccacgtcgtcgcgtcattggtcagcgtaaaattctgccggatccgaagttcggatcagaactgctggctaaatttgtaaatatcctgatggtagatggtaaaaaatctactgctgaatct5'

rpsG

 1120

atcgtatacagcgcgctggagaccctggctcagcgctctggtaaatctgaactggaagcattcgaagtagctctcgaaaacgtgcgcccgactgtagaagttaagtctcgccgcgttggtggttctacttatcaggtacc5'

rpsG

 1260

agttgaagtccgtccggttcgtcgtaatgctctggcaatgcgttggatcgttgaagctgc5'

rpsG

Fig. S8. Sequence of the rpsLmutation. The rpsL gene of PAS132 and MG1655 was amplified using 5′-CCA GCC AGA TGG CCT GG-3′ and 5′-GAC GCG ACG ACG
TGG C-3′ primers, then sequenced. The sequences were compared using Lasergene software to identify the A430G mutation that resulted in a Lys42Arg
mutation.
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Fig. S9. Monitoring mouse weights. Mice were weighed on the indicated days to monitor their health. A drop in total body mass >20% would indicate that
there was a potential health concern. From day 1 to day 18 of all in vivo experiments, all of the mice showed a net gain in total body mass. This gain indicated
that administering two drugs, streptomycin and ATC, as well as our engineered bacteria, did not adversely affect mouse health. (A) In vivo experiment #1
corresponds to data presented in Fig. 3B. (B) In vivo experiment #2 corresponds to data presented in Fig. 3D. (C) In vivo experiment #3 corresponds to data
presented in Fig. 4. Points represent the mass of an individual mouse on the specified day.

Kotula et al. www.pnas.org/cgi/content/short/1321321111 10 of 11

www.pnas.org/cgi/content/short/1321321111


Fig. S10. Alignment of the 16S Sequence of PAS132 and PAS133 with MG1655. The gene encoding the 16S ribosomal subunits of PAS132 and PAS133 were
amplified by PCR, then sequenced (1). The sequences were aligned against the reference sequence of MG1655 using Lasergene software. A phylogenetic tree
was constructed comparing the reference sequences of the indicated bacteria using Lasergene software.

1. Weisburg WG, Barns SM, Pelletier DA, Lane DJ (1991) 16S ribosomal DNA amplification for phylogenetic study. J Bacteriol 173(2):697–703.
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