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Plasmid name Description DNA fragments 
used for 

construction (this 
study) 

Construction 
method / 
Supplier 

Antibiotic 
used for 
selection 

Accidental mutations / 
Sequence conflicts 

pKD3 (38) PCR template plasmid for Datsenko-Wanner (38) 
gene deletion, containing a cat Cm-resistance 

cassette flanked by FRT sites and an R6Kγ pir-
dependent ori. Also used as PCR template for bla 

amplification in library barcoding step 

- Lab stocks Cm - 

pKD46 (38) Plasmid with L-arabinose-inducible λ Red expression 
cassette for Datsenko-Wanner (38) recombineering; 
temperature-sensitive ori (repA101ts) for easy curing 

- Lab stocks Amp - 

pCP20 (38) Plasmid with yeast FLP recombinase expression 
cassette for Datsenko-Wanner (38) resistance-gene 
excision; temperature-sensitive ori (repA101ts) for 

easy curing 

- Lab stocks Amp - 

pSkunk3-BLA (59) Phagemid containing p15A and f1 oris, bla β-
lactamase gene and aadA1 Str/Sp-resistance gene. 
Used for backbone (f1 phage ori not exploited in this 

study) 

- A. Birgy 

 

Str - 

pZS4Int-1 (41) pSC101 ori, lacI and tetR repressor genes under 
constitutive promoters, attP phage λ attachment site 

and aadA1 Str/Sp -resistance gene. Used for lacI and 
tetR 

- A. Decrulle and 
I. Matic 

Sp G -> C at +246 of tetR ORF, 
causing Lys82 -> Asn82 

(reported in other constructs, 
including reference (60)); 2 

small insertions between tetR 
stop codon and its T1 

terminator 

pKH1503a pSkunk3-BLA backbone, with bla replaced by: araBA 
under PLlacO-1 inducible promoter (41) and lacI and tetR 

repressor genes under constitutive promoters (41) 

pSkunk-bkb, 
aKH150312a, 
aKH150312b 

Gibson 
Assembly 

Str - 

pKH1503aevo Plasmid purified from a single colony (MG1655 
ΔaraBA D-ara+/evo ΔfucK ΔlacIZYA::cat D/L-araevo 

[pKH1503aevo]) isolated after adaptation to alternating 
D- and L-arabinose. Sanger sequencing of araBA, 
tetR and lacI, along with their regulatory regions, 

revealed a single G –> C substitution in the 2nd lacO1 
operator (-23 from TSS, in notation of reference (41)). 
This was found in 3/3 colonies tested from the evolved 
population, and was deliberately included in all future 
PLlacO-1 -containing plasmids of this study (it was found 
through growth and expression measurements to still 

allow titratable expression control by IPTG) 

- Purified from a 
single colony 
isolated after 

MG1655 ΔaraBA 
D-ara+/evo ΔfucK 
ΔlacIZYA::cat 
[pKH1503a] 
adaptation to 
alternating D- 

and L-arabinose 

Str - 

pKH1511c pKH1503aevo backbone (rather than pKH1503a 
backbone, to exploit any unseen adaptive mutations 

arising during adaptation), with PLlacO-1-araBA replaced 
by araA and araB in divergent orientation and 

promoter-less, separated by SacI and XhoI restriction 
sites to allow easy insertion of divergent promoters 

aKH151120a, 
aKH151120b, 
aKH151120c 

Restriction-
ligation 

Str C -> A substitution 
(synonymous) at +1638 of 

araB ORF 

pSW23T::attP (61) oriVR6Kγ (pir-dependent replication), attP phage λ 
attachment site, cat Cm-resistance gene. Used for pir-

dependent backbone to avoid template plasmid 
carryover during cloning 

- A. Soler and D. 
Mazel 

Cm - 

pBSK-BSD1 pBluescript SK phagemid containing pUC and f1 oris, 
bsd Bsd-resistance cassette and bla β-lactamase 

gene. Used for bsd 

- A. Couce (gene 
synthesis by 
Epoch Life 

Science, Inc, TX, 
USA ) 

Amp - 

pKH1511d 

 

pSW23T::attP with bsd Bsd-resistance cassette 
inserted into multiple cloning site. Used to avoid 

plasmid carryover during future bsd cloning 

pSW23T::attP-
bkb, 

aKH151126a 

Gibson 
Assembly 

Cm - 
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DNA fragment name Description/Creation PCR template or 
digested plasmid 

Primers used 
for PCR 
(blank if 
fragment 

comes directly 
from plasmid 

digestion) 

Restriction 
enzymes used 
(either post-

PCR or 
directly on 
plasmid) 

pSkunk-bkb pSkunk3 backbone, containing oris and aadA1 Str/Sp-resistance 
gene. Double-digest of pSkunk3-BLA to excise bla, followed by 

gel-extraction of backbone fragment 

pSkunk3-BLA 

(59) 
- EcoRV, SpeI  

aKH150312a  lacI-tetR constitutive expression cassette (inc. T1 terminator), with 
a downstream extension overlapping the SpeI extremity of 

pSkunk-bkb. PCR-amplification; overlap introduced on reverse 
primer 

pZS4Int-1 (41) oKH150312a, 
oKH150312b 

- 

aKH150312b PLlacO-1-araBA bicistronic cassette (inc. BBa_B1002 artificial 
terminator (BioBrick Foundation)), with an upstream extension 

overlapping the EcoRV extremity of pSkunk-bkb and a 
downstream extension overlapping the upstream extremity of 

aKH150312a. PCR-amplification; overlaps, PLlacO-1 and BBa_B1002 
all introduced on primers 

E. coli K12 
MG1655 

genomic DNA 

oKH150312c, 

oKH150312e 

- 

aKH151120a pKH1503aevo backbone, containing oris, aadA1 Str/Sp-resistance 
gene and lacI-tetR (PLlacO-1-araBA removed), with a downstream 
extension containing an NcoI site. PCR-amplification; extension 

introduced on reverse primer 

pKH1503aevo oKH150312a, 
oKH151120a 

SphI, NcoI 

aKH151120b araB coding region followed by BBa_B1004 artificial terminator 
(BioBrick Foundation), with an upstream extension containing SacI 
and XhoI restriction sites and a downstream extension containing 

an SphI restriction site. PCR-amplification; extensions and 
BBa_B1004 introduced on primers  

pKH1503aevo oKH151120b, 
oKH151120c 

SacI, SphI 

aKH151120c araA coding region followed by BBa_B1002 artificial terminator 
(BioBrick Foundation), with an upstream extension containing a 
SacI restriction site and a downstream extension containing an 

NcoI restriction site. PCR-amplification; extensions introduced on 
primers  

pKH1503aevo oKH151120d, 
oKH151120e 

SacI, NcoI 

pSW23T::attP-bkb Linearised pSW23T::attP. Double-digest of pSW23T::attP at 
Multiple Cloning Site  

pSW23T::attP 
(61)  

- SpeI, SacII 

aKH151126a bsd Bsd-resistance cassette (inc. T1 terminator), with an upstream 
extension overlapping the SacII extremity of pSW23T::attP-bkb 
and a downstream extension overlapping the SpeI extremity of 
pSW23T::attP-bkb. PCR-amplification; overlaps introduced on 

primers    

pBSK-BSD1 oKH151126a, 
oKH151203a 

- 
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Primer name Sequence (5’ -> 3’) 

oKH150202d ATGGCAGAAATTCGAAAGC 

oKH150312a  GCGGCATGCATTTACGTTGA 

oKH150312b AGCGCGTCGGCCGGTCGAATGCATAAGCTTACTAACTAGTGAGAGCGTTCACCGACAAAC 

oKH150312c AGCCAGAAAACCGAATTTTGCTGGGTGGGCTAACGATATCAATTGTGAGCGGATAACAATTGACATTGTGAGCGGATAACAAGATACTG
AGCACACCCGTTTTTTTGGATGGAGTG 

oKH150312e TTTTGCACCATTCGATGGTGTCAACGTAAATGCATGCCGCGCGAAAAAACCCCGCCGAAGCGGGGTTTTTTGCGTTAGCGACGAAACC
CGTAATAC 

oKH150401c ATTCATTAATGCAGCTGGC 

oKH151120a TTTTTCCATGGGATATCGTTAGCCCACCCAG 

oKH151120b TTTTTGAGCTCCACAGCTAACCTCGAGACCCGTTTTTTTGGATGGAGTG 

oKH151120c TTTTTGCATGCCGCGCGGCAAAACCCCGCCGAAGCGGGGTTTTCGGCGTTATAGAGTCGCAACGGCCT 

oKH151120d TTTTTGAGCTCTGCGACTCTATAAGGACACG 

oKH151120e TTTTTCCATGGGCGAAAAAACCCCGCCGA 

oKH151126a GATAAGCTTGATATCGAATTCCTGCAGCCCGGGGGATCCACTAGTGCGGCCGCGTGAGCCAGTGTGACTCTAGT 

oKH151203a CGTTTTATTTGATGCCTCTAGCACGCGTACCATGGAGCTCCACCGCGGATAGGAACTTCACGCTAGGG 

KO-araBA-fwd ACTCTCTACTGTTTCTCCATACCCGTTTTTTTGGATGGAGTGAAACGATGGTGTAGGCTGGAGCTGCTTC 

KO-araBA-rev ATCAGGCGTTACATACCGGATGCGGCTACTTAGCGACGAAACCCGTAATACATATGAATATCCTCCTTAG 

verif-araBA-fwd TTGCATCAGACATTGCCGTC 

verif-araBA-rev GTTGGCTTCTAATACCTGGCG 

KO-lacIZYA-fwd GTATGGCATGATAGCGCCCGGAAGAGAGTCAATTCAGGGTGGTGAATGTGGTGTAGGCTGGAGCTGCTTC 

KO-lacIZYA-rev AGCGCAGCGTATCAGGCAATTTTTATAATTTAAACTGACGATTCAACTTTCATATGAATATCCTCCTTAG 

verif-lacIZYA-fwd GTGATGACTATCAACTGGCAC 

verif-lacIZYA-rev CTATTGCTGGCAAGCTGGTG 

KO-fucK-fwd TCCGGCTACCGGGCCTGAACAAGCAAGAGTGGTTAGCCGGATAAGCAATGGTGTAGGCTGGAGCTGCTTC 

KO-fucK-rev AAATTAACGGCGAAATTGTTTTCAGCATTTCACACTTCCTCTATAAATTCCATATGAATATCCTCCTTAG 

verif-fucK-fwd AACGCACCAACTCAACCTGG 

verif-fucK-rev TTGATGCGGATGATGTCAGG 

oBarcodeBla-fwd  TTTTTACTAGTGGCGCGCCGTCGACTTNNNNNATNNNNNATNNNNNATNNNNNATCTTCAGATCCTCTACGCCGG 

oBarcodeBla-rev  TACACTCCGCTAGCGCTGATGTCCGGCGGTGCCAGGTGGCACTTTTCGGG 

oLinkBarcode-fwd  TCGTCGGCAGCGTCAGATGTGTATAAGAGACAGNNNNNNCGTGTCCTTATAGAGTCGCAG 

oLinkBarcode-rev  GTCTCGTGGGCTCGGAGATGTGTATAAGAGACAGNNNNNNGTCCGGCGTAGAGGATCTG 

oBarcodeSeq-fwd TCGTCGGCAGCGTCAGATGTGTATAAGAGACAGNNNNNNGTGAACGCTCTCACTAGTGG 

oBarcodeSeq-rev  GTCTCGTGGGCTCGGAGATGTGTATAAGAGACAGNNNNNNCAAGATCCGGCCACGATGC 

c1 (38) TTATACGCAAGGCGACAAGG 

c2 (38)  GATCTTCCGTCACAGGTAGG 
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Strain name Description/Usage Genotype Engineering method / Supplier Antibiotic / 
supplements 

used for selection 
/ adaptation 

K12 MG1655 “Wildtype” laboratory strain F- λ- ilvG- rfb-50 rph-1 A. Couce; Coli Genetic Stock 
Centre #6300 

- 

PIR1 pir-expressing strain for cloning and maintenance of pir-
dependent plasmids (thymidine auxotroph) 

F- ∆lac169 rpoS(am) 
robA1 creC510 hsdR514 

endA recA1 
uidA(∆MluI)::pir-116 

A. Soler and D. Mazel Erm + dT 

DH5α Standard strain for plasmid cloning and maintenance F- λ– Φ80lacZΔM15 
Δ(lacZYA-argF) U169 

recA1 endA1 hsdR17 (rK–

, mK+) phoA supE44 thi-1 
gyrA96 relA1 

Lab stock  - 

DH5α ΔaraBA::cat Intermediate for construction of DH5α ΔaraBA DH5α ΔaraBA::cat Datsenko-Wanner (pKD46) (38) Cm 

DH5α ΔaraBA Preliminary tests; used as alternative to DH5α in this 
study 

DH5α ΔaraBA::FRT Datsenko-Wanner (pCP20) (38) - 

MG1655 ΔaraBA::cat Intermediate for construction of MG1655 ΔaraBA MG1655 ΔaraBA::cat Datsenko-Wanner (pKD46) (38) Cm 

MG1655 ΔaraBA Preliminary tests; intermediate for construction of 
MG1655 ΔaraBA ΔlacIZYA::cat and MG1655 ΔaraBA D- 

ara+/evo 

MG1655 ΔaraBA::FRT Datsenko-Wanner (pCP20) (38) - 

MG1655 ΔaraBA 
ΔlacIZYA::cat 

Preliminary tests MG1655 ΔaraBA::FRT 
ΔlacIZYA::cat 

Datsenko-Wanner (pKD46) (38) Cm 

MG1655 ΔaraBA D-
ara+/evo  

MG1655 ΔaraBA derivative able to metabolise D-
arabinose using genes of the fuc operon, due to a fucR 
mutation rendering the operon D-arabinose-inducible. 
Further adapted to D-arabinose for ~ 60 generations, 

and a single colony isolated. Intermediate for 
construction of MG1655 ΔaraBA D-ara+/evo ΔfucK::cat 

MG1655 ΔaraBA::FRT 
fucRD-ara D-araevo 

Incubated in M9 + D-arabinose 
until visible growth (6 days). 

Then, serially transferred in M9 
+ D-arabinose for ~ 60 

generations before isolation of a 
single colony (see refs. (33–35))  

D-arabinose 

MG1655 ΔaraBA D-
ara+/evo ΔfucK::cat 

Intermediate for construction of MG1655 ΔaraBA D-
ara+/evo ΔfucK 

MG1655 ΔaraBA::FRT 
fucRD-ara D-araevo 

ΔfucK::cat 

Datsenko-Wanner (pKD46) (38) Cm 

MG1655 ΔaraBA D-
ara+/evo ΔfucK 

Intermediate for construction of MG1655 ΔaraBA D-
ara+/evo ΔfucK ΔlacIZYA::cat 

MG1655 ΔaraBA::FRT 
fucRD-ara D-araevo 

ΔfucK::FRT 

Datsenko-Wanner (pCP20) (38) - 

MG1655 ΔaraBA D-
ara+/evo ΔfucK 
ΔlacIZYA::cat 

Intermediate for construction of MG1655 ΔaraBA D-
ara+/evo ΔfucK ΔlacIZYA::cat [pKH1503a] 

MG1655 ΔaraBA::FRT 
fucRD-ara D-araevo 

ΔfucK::FRT ΔlacIZYA::cat 

Datsenko-Wanner (pKD46) (38) Cm 

MG1655 ΔaraBA D-
ara+/evo ΔfucK 
ΔlacIZYA::cat 
[pKH1503a] 

Intermediate for construction of MG1655 ΔaraBA D-
ara+/evo ΔfucK ΔlacIZYA::cat D/L-araevo [pKH1503a] 

MG1655 ΔaraBA::FRT 
fucRD-ara D-araevo 

ΔfucK::FRT ΔlacIZYA::cat 
[pKH1503a] 

Plasmid transformation 
(electroporation) 

Str 

MG1655 ΔaraBA D-
ara+/evo ΔfucK 

ΔlacIZYA::cat D/L-
araevo [pKH1503aevo] 

MG1655 ΔaraBA D-ara+/evo ΔfucK ΔlacIZYA::cat 
[pKH1503a] derivative adapted to alternating D- and L-

arabinose in presence of 10µM IPTG for ~45 
generations, and a single large colony isolated. Evolved 

plasmid (pKH1503aevo) used as template for further 
plasmid constructs; intermediate for construction of 

MG1655 ΔaraBA D-ara+/evo ΔfucK ΔlacIZYA::cat D/L-
araevo 

MG1655 ΔaraBA::FRT 
fucRD-ara D-araevo 

ΔfucK::FRT ΔlacIZYA::cat 
D/L-araevo [pKH1503aevo] 

Incubated in M9 + 10µM IPTG + 
D-arabinose until visible growth 

(2 weeks). Then, serially 
transferred in M9 + 10µM IPTG 

+ alternating D- and L-
arabinose for ~45 generations 

before isolation of a single large 
colony  

Alternating D- 
and L-arabinose 
(+ IPTG + Str) 

MG1655 ΔaraBA D-
ara+/evo ΔfucK 

ΔlacIZYA::cat D/L-
araevo 

Final engineered/adapted plasmidless host strain for 
barcoded promoter-mutant plasmid library; able to utilize 
L-arabinose in presence of plasmid-expressed AraA and 

AraB, and D-arabinose in presence of plasmid-
expressed AraB 

MG1655 ΔaraBA::FRT 
fucRD-ara D-araevo 

ΔfucK::FRT ΔlacIZYA::cat 
D/L-araevo 

Plasmid curing Ribitol (39) (+ 
IPTG + Cm) 

β
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Primer name Sequence (5’ -> 3’) 

oPtetLib-fwd-1 TTTTTGAGCTCGTGCTCAGTATCTCTATCACTGATAGGGATGTCANTCTCTATCACTGATAGGGAGGCGCGCCGTGAGCCAGTGT

GACTCTAGTAG 

oPtetLib-fwd-2 TTTTTGAGCTCGTGCTCAGTATCTCTATCACTGATAGGGATGTCNATCTCTATCACTGATAGGGAGGCGCGCCGTGAGCCAGTGT

GACTCTAGTAG 

oPtetLib-fwd-3 TTTTTGAGCTCGTGCTCAGTATCTCTATCACTGATAGGGATGTNAATCTCTATCACTGATAGGGAGGCGCGCCGTGAGCCAGTGT

GACTCTAGTAG 

oPtetLib-fwd-4 TTTTTGAGCTCGTGCTCAGTATCTCTATCACTGATAGGGATGNCAATCTCTATCACTGATAGGGAGGCGCGCCGTGAGCCAGTGT

GACTCTAGTAG 

oPtetLib-fwd-5 TTTTTGAGCTCGTGCTCAGTATCTCTATCACTGATAGGGATNTCAATCTCTATCACTGATAGGGAGGCGCGCCGTGAGCCAGTGT

GACTCTAGTAG 

oPtetLib-fwd-6 TTTTTGAGCTCGTGCTCAGTATCTCTATCACTGATAGGGANGTCAATCTCTATCACTGATAGGGAGGCGCGCCGTGAGCCAGTGT

GACTCTAGTAG 

oPtetLib-fwd-7 TTTTTGAGCTCGTGCTCAGTATNTCTATCACTGATAGGGATGTCAATCTCTATCACTGATAGGGAGGCGCGCCGTGAGCCAGTGT

GACTCTAGTAG 

oPtetLib-fwd-8 TTTTTGAGCTCGTGCTCAGTANCTCTATCACTGATAGGGATGTCAATCTCTATCACTGATAGGGAGGCGCGCCGTGAGCCAGTGT

GACTCTAGTAG 

oPtetLib-fwd-9 TTTTTGAGCTCGTGCTCAGTNTCTCTATCACTGATAGGGATGTCAATCTCTATCACTGATAGGGAGGCGCGCCGTGAGCCAGTGT

GACTCTAGTAG 

oPtetLib-fwd-10 TTTTTGAGCTCGTGCTCAGNATCTCTATCACTGATAGGGATGTCAATCTCTATCACTGATAGGGAGGCGCGCCGTGAGCCAGTGT

GACTCTAGTAG 

oPtetLib-fwd-11 TTTTTGAGCTCGTGCTCANTATCTCTATCACTGATAGGGATGTCAATCTCTATCACTGATAGGGAGGCGCGCCGTGAGCCAGTGT

GACTCTAGTAG 

oPtetLib-fwd-12 TTTTTGAGCTCGTGCTCNGTATCTCTATCACTGATAGGGATGTCAATCTCTATCACTGATAGGGAGGCGCGCCGTGAGCCAGTGT

GACTCTAGTAG 

oPlacLib-rev-1 TTTTTCTCGAGGTGCTCAGTATCTTGTTATCCGATCACAATGTCANTTGTTATCCGCTCACAATTATAGGAACTTCACGCTAGGG 

oPlacLib-rev-2 TTTTTCTCGAGGTGCTCAGTATCTTGTTATCCGATCACAATGTCNATTGTTATCCGCTCACAATTATAGGAACTTCACGCTAGGG 

oPlacLib-rev-3 TTTTTCTCGAGGTGCTCAGTATCTTGTTATCCGATCACAATGTNAATTGTTATCCGCTCACAATTATAGGAACTTCACGCTAGGG 

oPlacLib-rev-4 TTTTTCTCGAGGTGCTCAGTATCTTGTTATCCGATCACAATGNCAATTGTTATCCGCTCACAATTATAGGAACTTCACGCTAGGG 

oPlacLib-rev-5 TTTTTCTCGAGGTGCTCAGTATCTTGTTATCCGATCACAATNTCAATTGTTATCCGCTCACAATTATAGGAACTTCACGCTAGGG 

oPlacLib-rev-6 TTTTTCTCGAGGTGCTCAGTATCTTGTTATCCGATCACAANGTCAATTGTTATCCGCTCACAATTATAGGAACTTCACGCTAGGG 

oPlacLib-rev-7 TTTTTCTCGAGGTGCTCAGTATNTTGTTATCCGATCACAATGTCAATTGTTATCCGCTCACAATTATAGGAACTTCACGCTAGGG 

oPlacLib-rev-8 TTTTTCTCGAGGTGCTCAGTANCTTGTTATCCGATCACAATGTCAATTGTTATCCGCTCACAATTATAGGAACTTCACGCTAGGG 

oPlacLib-rev-9 TTTTTCTCGAGGTGCTCAGTNTCTTGTTATCCGATCACAATGTCAATTGTTATCCGCTCACAATTATAGGAACTTCACGCTAGGG 

oPlacLib-rev-10 TTTTTCTCGAGGTGCTCAGNATCTTGTTATCCGATCACAATGTCAATTGTTATCCGCTCACAATTATAGGAACTTCACGCTAGGG 

oPlacLib-rev-11 TTTTTCTCGAGGTGCTCANTATCTTGTTATCCGATCACAATGTCAATTGTTATCCGCTCACAATTATAGGAACTTCACGCTAGGG 

oPlacLib-rev-12 TTTTTCTCGAGGTGCTCNGTATCTTGTTATCCGATCACAATGTCAATTGTTATCCGCTCACAATTATAGGAACTTCACGCTAGGG 

 

 



242 
 

 
 



243 
 



244 
 



245 
 



246 
 

ϕ



247 
 



248 
 

 
  



249 
 



250 
 

β



251 
 



252 
 

α β



253 
 



254 
 



255 
 



256 
 



257 
 

 

  



258 
 

 
 



259 
 



260 
 

′



261 
 



262 
 



263 
 



264 
 



265 
 



266 
 



267 
 



268 
 



269 
 



270 
 



271 
 



272 
 



273 
 



274 
 



275 
 



276 
 



277 
 



278 
 



279 
 



280 
 



281 
 



282 
 



283 
 



284 
 

β

 


