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Supplementary data

Genetical control of violacein biosynthesis to enable a pigment-based

whole-cell lead biosensor

Table. S1 Bacterial strains and plasmids used in this study

Strains, plasmids and

Genotypes or description Reference
Primers
E. coli stains
BL21(DE3)pLysS F-ompT hsdSp (rg mg’) gal dem (DE3) Novagen
TOP10 F- ®80lacZAM15 AlacX74 recAl Invitrogen
Plasmids
pET-21a AmpR, T7 promoter, lac operator Novagen
pT-Ppbr T vector carrying pbrR and Ppbr divergent promoter region !
PET-vio pET-21a derivative containing the violacien expression This study
cassette (vioABCDE) inserted as a Ndel/Sacl fragment
) pET-vio derivative containing pbrR and Ppbr divergent .
pPpbr-vio This study
promoter cloned as a Bg/Il/Xbal fragment
Primers
F-pbr GAAGATCTTTACCCAGATGTTTGA This study
R-pbr GCTCTAGAGAGTAACTCCTGAAAATC This study




TR AAA AT TG T TAACTT A 65 ATA T A TR A A T TR A TGRS TGS TG B TE TC OB TOTGACC oS aAGCE
GAACTOGE TG Lo 0T COTTACAGEECOCAGCT GEACCOGCACTT CCAGTE O CTATOCAGCACTACAGTCAGAAA TCOBAAGTTTACCCO TTTACCCAGE TG/
VioA

TAGCGARA:

CAGATCCGTAGOOA

TGO TBARCG TAT CCOBGAB GO0 T GOBCACGT T CAGAAAT ACT B COCATDG 00T T GAATT T TOCOST GATAGOBATAT TGATCAGCGBTGCOB06CTd
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GCCACOGTGATTCTOGTATEAT COE T TOCTE TOAT GO TTACACCGAACACT UGG CTOGA TOGAAGaC00TC TECTOAGC 0000 TOMGUGAGTOGTCTOETEY

AAGGAGGTS TGATGAGATOCTGGATT TCCCGOGTATCCAT T GOG TO0G TOG0CG0G TOTTAACGOCCOGACT0

BTG ACCOCAD GG CCACAT TGATA TG GO0 T CTAATACOG TOGCAA T GG 00 GO TGAACCOTT COAT C TG0 GOCCCACCOBACGOA TTTCACGOTCACCTEY

GCAGCGTATOGCGGCGT

BT TCTCT Go00C 0606 TT T GG CC TG AT GOC 00 TG A GAC OO GO ARG C O CaTT CAG OOt GO G ARG GO TAT A COCAGC G0 B TARCARCCATTTTTCTT66]
T CTE0aACOGTGTCICATG TOCAG TOGGATOG0BE CRAA GOAGATOO TOG TOACGGTCTGGTCRGCRCTOR COTGG0RCTGTGRGGTCACTATAACGACTACY
O aTA G AL T TCAA GO0 T CO 00 T TG 0 TOGAC T CTA DO BACACGT OO TOA TR GCCOAGAT CTACOCAGE T CAATT CACTATCAGL C200 103 To006d
T GOCACCCOa TE 0 Ta T TCAL TOCG0AT ATCGAC GAL T C A OO0 C ae BC 1B OA L 08 T 00 TG LA AT O A A GO0 GO AT TTCCTO0 AT
AT oG CE O G CaCRTE TG T COART T TAB G T CEAMAAGA T AT ECBEA T T TCETa T COAT LB BaCC OTT CART T CTGAGBCATE BEETCOTCTEE]

TG IGOAGGACOA T OATO TG C TG0 TE TOAC OB T T CAATACECTCT G TTCAACA TOAGEACTEO! GTOTTCCATOATATOR:

:
:

TG T TG TG TOG 0 CO8 TOG TaAA OO O A CTACC 06 CO0aC G T CTGE TG BTCCG03C CAGC O GG TC TG GG TGATCTGACCETTCR TG TTAACY
X

[ESCTCTGCaTOAGCCGER TGO TTCCTTAACES

AT G0 B TCT G T A G TG T TG A T OO0 AR A e G AT GO G G T G0 e T e OO T GCa T TG TCCT GEACGCATIG TOC TCOATOATE
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A AR CoC A TG TaT CoTOCCaGATOAT T GO0 G TGATOA GO ARG Ta GARGAA A ACTACE L TATACORCCACS TGATEEaTAY

AT GAG TG TG TATCOG T TCAT GAG O GATARAGT T TCAGCCT GO G0 ACC T 0 TAAA T CBAAACC AT C TG CTOATO TOOCAGATG TOGGAT COTCAGRAY
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AT ARATCTTACTATAT GCCaTCCAC 03 CaAAC TG AGCECGCCOAAAGCACGC TG TTTCTGARATACC TG GCOCATG TAGAAGGTCAGGCAL
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A CGCTGOATATAGCAT CCCARACT ACGC G CAAGG TCAGCAG OG0B TGCGT GATEG CO0G TOGACCGC TOAR CAGS TGCAGTT GGCATG TOGTAGOGGCGATCY

CGCCOUGACO000GTATCOG0GCO000G TOE THGAGAT TGCOACGARGAGA T GATCOACTATC TG0 TO0 TGAAGAAT CTGC TOATGOCCETO00

A CO00 B3 OO TTCCTCTBATG GO TG Ak GCBG A COT CAG G 00T T TG GOLT GOACA CTOAGTTCaCCCT GOABCOBT T TCTOAATCTACTCTOB03CECTTES!
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B ARG CCa G AR A DS oG TG A A CA C A C T T T T T CTG AR TG AACTGA COART CO a0 0AT CO0 00 T TACCAGC TOGAA G TG TT TG ATOR TOATTCCRC0CTE
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A AAG 06 CT CoAT T CAAC OB G 03 TOC 000 CEC T S TAA SO0 G T CC TG GATGAG T T COB0aCT GCCAG 06T G TGOS GAT A TOGT G OB0GTa 00!
AT G TG T ATC A a0 TG T T A CAAC T AT TT 05 COATa AT G CACAGEA TTT TG TO T TAMA OO CT GARTTCTE TECaTCa TAGLOBC L TAA TR A COETY
AT COATC T AT A T ToC T 008 TCO0C T A C TG GO CCC oA TG AT T G OB 06 TAT T 0000 1ol TAC e GO CLB O TOCCTOGCE000
GATACTEOTTCCTAT GATOACTACGCAL T0aCTROC G TAT LT R CACE TCOCT GTGAAC BT T TOGAA L AG OB TCTATOC TOaAACORaa T GRCTG0g

i

GO CA GATOGAACT GCTOGACT T TACGO T TCAGATOC TO0AGC TOG CO TG TOG TARAGT GAGCUG TORAGCTTARTTAAGGAGS TS

CGTGCGATCATOR T TG0030TGGTC TEG0000 TGaCCTOACCGUOATCTACE TOOCTARCGTO0CTACGARGT TCATG TTG TG GARAAACG TGO TGAGCEG!

G T ACC TEAG CAGC TACGT TGACG T TG TT T CTAGE OB TGO0ATCOGT GTTAGCATBACOBTT GO TGO TAT GAATCOOTT CIGGCTECOGGTATCC0006 5]
AACTGGATGC T TGOGGTGAACCGATCGT TG CGAT GG CGT T CAG G TTGGTOG TCAG TATOG TATG OO TGAAC TG AAACCG T GRARGATTTCOGTCOBC TG T
AR COG TG G OBTT COA GARACT G CTG AL CARATACG C AR CE T3 G o3 GG Ca TTCG TTACTACT TCGAACA TAMA T GCC TOGAC O TOGACCTGRATGRTARRAGY
T GG AT CCADG TARAGA 1o B A D S0 CATCa T C T A B0 A AT AT AT COG T CAOA T TO SO CACTCT 000G GO0 T CAGGCTATACAGAG oG]
vioC
G TG T T TTGAATT T A GAGACC T TG T TG00 TCAC 00 T TA TAAAA CCT OO TTC TGO OOAT G OB CATG 0 TOOUC TACTS TAAAGATACCCTOTATTTCTTg
TGGATIC006 TGGECTG T TOa00 00000 TOU0GURACCATTCCOGATEGTTCTGT T TETATCEC00 6 TCCCTOCaa TACAGCGa TTC TG TCRaTGAG:

[CCACOOA COAACCOAGCA TE CGT GOB TTC T TOAT OB TAC T T TB0GG TG TBCCB06 TOAGBOO GOT CACGAAATOC TG 0BT CAGT TGCT GO CTARAGCBTCGA
GATCTGATTAACG TTO0 TTCTAGCACCTTCCACTATAAAG GTAAGGT TG TOGTO0T GGG TOATG OO0 GOACOOGACTG 000G TTOC TOOGCCAG GG TATY
G500 T GOAAGATGCB0GCACTT T TG T GOAA CTBCTBGATCOCCACTAGOGT GAT CAG GATARA GCC T TCOO0 GAAT TTACOBAACTEC TARAGTTCAGGCG:

O AR T GG AT AT OO E T G AR CT A GA G T T CTOAG TG CT CTAAC O OB AT CT T CT T TATGOG CO0R0GCTACACCOG TTACATGCACTCTARATTTC 0]

B

TG TACC OO O GaATA TG O GAAAAA TG TAC T TOACC TC OOAA SO TA COAT C G TC TG CAGCAGA T COAG O3 TARACAGAA CG TT TG G TATAAAT COG TC:
TAAGGAGET

:
:

S TTAACACCT CTG0T GAT TAT ARAGATOAT GAT GATARAT)
TCCCAGC AR A e COat T Ta0G08

T GAT GARAATCETOG T TAT CO0 TOE OB TEO0GCABGTCTEOTTTTEY

i

D T A A OO DG AR O OEC T A G CTA T CTOGATOC T CUOGAACE TC T GARCCC CA G TTCCT OO AAGAT T TCAAAC TH0 TCACCACAAC GARCOBAGCCTOA
G AECACOa a0 TTCTGCTG T GEa G T TAAC OO0 TO0 0L oG TG CACG COCTEC O TOATAA A TICOG TA BCCAGG G TAT OB CTATCOG T TOGARAGELES
T OR AACA GG COAAL T CCaE TR C T A TAC GATCTO T TG T TC TOGCARA TGO T T TARCCACARAAC SO G CAL T TEAC T GAAG GO CT Ga TTCOBCARD

A TTACG GO0 TAACAAATACATC TG0 TACGGTACTAGCCAGC TG TTOGA TCAGA TG AACC TG TTTTCCGTACCCACGOCARAGATATC TTCATOGCTCACGOG TAY
AR TACAG CGATACCATGT COACC TTTAT OO T TG A TG C TG T GAAGARA CC TACOC0GOT B 0300 T CT 006 T GAAA TOAGCOA CARGICATC TG COBAATADG TGY
AR T T T T CCA GG C T AR o000 T CAC GG TC TG0 TTAGOCAGOC 606 TCTO00 TG GOB TAACTTCATGACCETGA G CCAC AT OB TTGOCACGATGG )
GG TTCTBCTGGaCGAT GCTCTCCAGTCTG T CACT TCTCTATCO0 CEAGB GCACCAC TAT GBCaG T TG TG T TBCOAGCTOLTOG TIAMBCBCTGTBCACEY
AT TO T T C O 00 OaC TO R A DS T 1T O A G O OO TIC0aCT GG T CAG T 103 T GO TCAD T A TANCAG L0 Ta T T TGO T TOOARALEE
CCBCOATGEE0
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OO CAD O TAC T C O ToAT TACARAGA T GA TOA TOATTARIT TARG GGG TAAAAAAA T A TO GAAAAC LG TAACOIC00C TOLTECOGCTCOTTO0AGY

CC06 T OBAG COMA GO TOATA GO BCTACCE TCT G TOGAT G TG TOARGT TH0CAACBCOG 00T COR GO0 TACC TOGAAACAGAAAG T TOCBTAGEG TCa T
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CGCACCECaCTE00CGAACAGE T GOGAAC B TCTG CTGGAT GACGAAACCEOCC 6T T COCGOAACT BT TS T GOCGOGT GATGTICTGOGC0GTCTGE60

G OGT CACATTG6T CaT T GT BT CT GG GO0 aT G ARG COGAT G0 TTo GO TT AL CAGS 6T CCG GO CARA GO TOC GAG CAC LT GTACC T GOATGC G GCGAGET,

T AT C OGO GTA IO G A G e AT G GO G ABECG T G BT CCCT GC 8 TR AT TTC OO GAA LG TAG S GAAGC G GAAAT CCOBaAT GO T TTOBC 6L

:
:

Fig. S1 The violacein biosynthetic module used in this study.

The artificial violacein biosynthetic gene cluster spans seven kilobases and is
comprised of vio4 (1257 bp), vioB (3000 bp), VioC (1326 bp), VioD (1155 bp), and
vioE (576 bp). All of the five genes are necessary for violacein biosynthesis from

endogenous tryptophan in E. coli.



AGATCTTTACCCAGATGTTTGACTGTTCGTGGCACTITCACCATGGCAATT
GCCCAACCCTTIGCAAAATGCCGCACGCCTCTACAGATCGAGAGCCAGAS
CACTTCTCGCG CAAATCAACCAAGTGCCGTTITTAACTG CAACAGCGCGG
ACACACGCATTTCCACCTGTTGAATATGGGCCTCCAGCAGCGTGATGACC
porH
TCCCCACAGTCCTGCATCGGGTTGTCTCGCAGACCCAGCAATGCGLGAA
TCTCGCTCAACGTCATGT CCAGCGAACGGCAATGACGGATGAATTGCAA
GCGCTCAATGTGCGCCTCACCGTACAACCGAAAGTTGCCACCGCTTCGE
GCTGGCTTTGGCAGTAGCCCTTCCTTCTCGTAGTAGCGGATGGTCACGA
CCTCGCACCCAGAGCGCTTIGGLGAGGTCGCCAATTCTGATTTCCATGCA
pbr bidirectional promoter region
TCAATCTCCAAT TATCACTTGACTC TATAG TGACTATAGAGATTTTAATGGA
GGECTCAATAGAAGATTTTCAGGAGTTACTCTCTAGAAATAATTTTGTTTAA
Yiolacein expression cassette
CTTTAAGAAGGAGATATACA vioA-vioB-vioC-vioD-vio
GCTCCGTCGACAAGCTTGCGGCCG CACTCGAGCACCACCACCACCACT
ACTGAGATCCGGCTGCTAACAAAGCCCGAAAGGAAGCTGAGTTIGGCTGC
T7 terminator
TGCCACCGCTGAGCAATAACTAGCATAACCCCTTGGGGCCTCTAAACGE
GTCTTGAGGGGTITITIG

Fig. S2 The cloning/expression region of pPpbr-vio used in this study. DNA
sequence and annotation data are all marked. The cassette containing the pbrR gene
and the divergent pbr promoter was inserted in front of the violacein biosynthetic
module.

References
1. Y. Guo, C. Y. Hui, L. Liu, H. Q. Zheng and H. M. Wu, Frontiers in microbiology, 2019, 10, 1454.



