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Supplementary Figure S1 Construction of plasmid variants using the direct cloning
approach developed in this study. The plasmid has a p256 origin of replication and
a erythromycin resistance marker. The mCherry reporter gene is downstream of the
interchangeable promoter sequences followed by the presence or absence of the
toxin/antitoxin modules tested in this study.
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Supplementary Table S1. Nucleotide Sequences of the common genetic parts and

interchangeable

GENETIC

PART

COMMON

FEATURE

ORIENTATIN

promoter sequences tested in this stud

SEQUENCE

Ori p256

Origin of
replicatio
n

Yes

ttgagatcctttttttctgcgegtaatctgetgcettgcaa
acaaaaaaaccaccgctaccageggtggtttgtttgec
ggatcaagagctaccaactctttttccgaaggtaactg
gcttcagcagagcegcagataccaaatactgttcttcta
gtgtagccgtagttaggccaccacttcaagaactctgt
agcaccgcctacatacctcgctctgctaatcctgttacc
agtggctgctgccagtggegataagtcgtgtcttaccg
ggttggactcaagacgatagttaccggataaggcgca
geggtegggctgaacggggggttcgtgcacacagecc
agcttggagcgaacgacctacaccgaactgagatacc
tacagcgtgagctatgagaaagcgccacgcttcccgaa
gggagaaaggcggacaggtatccggtaageggcagg
gtcggaacaggagagcgcacgagggagettccaggg
ggaaacgcctggtatctttatagtcctgtegggtttcge
cacctctgacttgagcegtcgatttttgtgatgctcgtca

gggeggcggagcectatggaaa

eryR

Antibioti
c
resistanc
e

Yes

ttgaacaaaaatataaaatattctcaaaactttttaac
gagtgaaaaagtactcaaccaaataataaaacaatt
gaatttaaaagaaaccgataccgtttacgaaattgga
acaggtaaagggcatttaacgacgaaactggctaaa
ataagtaaacaggtaacgtctattgaattagacagtca
tctattcaacttatcgtcagaaaaattaaaactgaata
ctcgtgtcactttaattcaccaagatattctacagtttca
attccctaacaaacagaggtataaaattgttgggaata
ttccttacaatttaagcacacaaattattaaaaaagtg
gtttttgaaagccgtgegtctgacatctatctgactgttg
aagaaggattctacaagcgtaccttggatattcaccga
acactagggttgctcttgcacactcaagtctcgattcag
caattgcttaagctgccagcggaatgctttcatcctaa
accaaaagtaaacagtgtcttaataaaacttacccgc
cataccacagatgttccagataaatattggaagctata
taagtactttgtttcaaaatgggtcaatcgagaatatcg
tcaactgtttactaaaaatcagtttcgtcaagcaatga
aacacgccaaagtaaacaatttaagtaccattacttat
gagcaagtattgtctatttttaatagttatctattattta
acgggaggaaataa

mCherry

Reporter
gene

No

atggtttcaaagggtgaagaagataacatggctatca
tcaaggaattcatgcgtttcaaggttcacatggaaggt
tcagttaacggtcacgaattcgaaatcgaaggtgaag
gtgaaggtcgtccatacgaaggtactcaaactgctaa

gttaaaggttactaagggtggtccattaccattcgcttg
ggatatcttatcaccacaattcatgtacggttcaaaggc
ttacgttaagcacccagctgatatcccagattacttaaa
gttatcattcccagaaggtttcaagtgggaacgtgtta

tgaacttcgaagatggtggtgttgttactgttactcaag




attcatcattacaagatggtgaattcatctacaaggtt
aagttacgtggtactaacttcccatcagatggtccagtt
atgcaaaagaagactatgggttgggaagcttcatcag
aacgtatgtacccagaagatggtgctttaaagggtga
aatcaagcaacgtttaaagttaaaggatggtggtcac
tacgatgctgaagttaagactacttacaaggctaaga
agccagttcaattaccaggtgcttacaacgttaacatc
aagttagatatcacttcacacaacgaagattacactat
cgttgaacaatacgaacgtgctgaaggtcgtcactcaa
ctggtggtatggatgaattatacaagtaa

RBS Ribosome No tttgtttaactttaagaaggaga
-binding
site
PtIpA Promoter No tttaatttgtttgttagttagtttatttgttggtttgtttgt
gttataatat
Pspp Promoter No gcccatattaacgtttaaccgataaagttgaacgttaa
tatttttttt
P48 Promoter No tcgtaagttgttgacatggaacgaggaatgtgataatc
tgtgagt
P23 Promoter No ctgatgacaaaaagagaaaattttgataaaatagtct
tagaattaaattaaaaa
PTuf Promoter No tctgtttacaaatcagattaggctatatataatatttaa
gga
PL Promoter No ttgacataaataccactggcggtgatact
PR Promoter No ttgactattttacctctggcggtgataa
PHAMP Promoter No caaaatgtcgttgacgtttatgttggttatttacgtaa
taaaatcacgac
ctagcataaccccttggggectctaaacgggtcttgagg
T7 ter Terminator No ggttttttg




Supplementary Table S2. Nucleotide Sequences of the toxin/antitoxin modules
tested in this stud

/Dinl)

GENETIC
PART

Toxin-
Antitoxin
operon

COMMON
FEATURE

No

ORIENTATION

SEQUENCE

agatggcagttacgcttccatttgtgcgaagaaaaagcca
gaaatccggttgaattcatctcacatgatgttatcccactgt
gtttacattgggataattcgtgatataattaggttgttagat
aggaaggagtggttagcaatggcagccacaaagaaaga
aactcgcttgaatattcgtgttgatccggaattaaaaagt
gctgctcaaatcgtagcaaatgatatgggeatcgacttga
ccgcagctgttactatgttcatgacgaaaatggtgaaaga
tcacgccctcecgtttaccccaacaagtctaccagttgaaa
ccttacaggcgctgaaagaagcaaagcacccagagcetge
tcaaaaaatacagcacgcctgatgacatgtggagagact
tga

aactacg
aaaggccgtccaaaaaaggeggcttttgtgttgtggtcaa
ccagcagattcattcgtcaatatacacgtgacttaacgcca
atcttcaatcagagattagaaaccgcgaactcgtcggeec
agtaaaaatgttcagctatcgagatgagttgggtgatctg
gggaagtgagcatcaataagatgccaatctttatcatgca
gggttggaacgaaaatttaacccaatg

MazF/

Toxin-
Antitoxin
operon

No

gaaggatttacggtcaacgagtgtctttcggacacgtccgt
tgatattgttatttgactcgtggtcttactccaatcaattat
actgacaagcatcgcaaatataaaaccgccctacctaac
ctgagtaagttacagggcgaagtagtgctgattagaatgg
aaagtcgaagttgtaatacaccgtttgcgcgacgtgataa
aaatcggcactgcgcatggtttcgatgtatgtgatactccg
tcctgctctgggggtcgecatcaaacgaataaatttgggea
gcagcaatttgtccgtgggtattgtaaccattaagactaa
agtagccgggcaaatcacgcattgtagacgtaattggtg
aaacaattacaaacccggtgttctgagtgtagagattact
actaagaactacagctggccgacgtttctttatttcgeggce
cacgttgtgggtcaaaatcaatccagatgatgtctttttgt
ttaggtaaataagtcatt

atcaaggc
ctcctcgtattaataaacacactatttatgcaacgagtat
aacacgtattacgaaataagacagctaaagcaatcgeg




ataactaattgat
aagcacacggtttttagtaattcatcaataaaggaagag
actaattaatgtcgccgtaactcagtgttatcaagttggat
ggcccgctttagtattttccacctttagectctt

HicA/HicB

Toxin-
Antitoxin
operon

No

tactgatgatgaacatgccccagcctgttgtagctctttge
gcaataaatcatttattttgtctggattgaatagagcttga
gcaaaatctttggtaaaatcattcatgaaggagttcttctt
tctgtatgtgtttttttgttcaaaccaatcatacgagaaag
gaactcctttttctaatgtttaaagaaataaatttaagga
atcattcatccttacacaaactattttacagtctcattctt
cataaaccacatcctagaaaagaactattaccatatcaa
atcaaacaaattcaagataaaatcaaagagatgaata
aagatgaaaaaaactaatcaatatatgaagtataagg
gttatgaaggttcaattgaatatactttggaggataaga
ttctttttggtaaggttcaggggattaagagtcttatttctt
acgaaggtaatacaatagatgaattggagaaggattttc
aaggagccattgatgattatctaatgagctgtaaggaag
atggagttataccagagaaaccttttaaaggtaattttaa
tgtgcgcattgatccttcattacatgaaaaattggctaat
tatgctgcaacgaagcaccaatcattgaatgctagtgta
gaagaagctataaaaagatttttggcttaggtgaaaga
cgcttggaatttttcaagcgtttttttcatgaaaacaattg
ctaaattcattgaatgagtgtactattttagtataacaat

agttgaacgggtgatgtcggcgatatagg

HigB/

Toxin-
Antitoxin
operon

No

tactgatgatgaacatgcccactctggttggttcctageta
aaataggggtcgtactagtcgggtaatcagatgaattgg
atatttgggtgtggtcagctaataataggagcaagagtc
ggatggattgagatatacacgtgatacgggtataatcga
ttaagaattttgcagataaggaaactcacaaggtttacc
aacaaaaattctctaaacaattgccaccaaccattcage
aattagcattgcgaaaattactaatgattgatcatgcgga
aacaattaatgatttgagcctaccgcctgccaatcacttg
gaaaaattaagtcatgatcgccaagggcaatatagcatc
aggattaataatcagtatcggatatgttttgcaattcgaa
atggtaatgagttttatgatgttgaaatagtcgattatcat
catggttaggagaccaaaaa

ataagga
cgtagaccgtagttgcttggtagcegtactacggtttttgca
aatataacctaaactgataagcagcagatcttaaatttta
aggttatcaacaggtggataaagcagtggcgtttgtatta
tccacctgttgataatcattgagttggttaattgtactttca
ctactgggttaactggtcgtgagaaaaatggtcaagcatt

agtttcgtggtgatgtcggcgatatagg




Txe/Axe

Toxin-
Antitoxin
operon

No

acgcgtaacaaacacattcattaataacaatcaacacta
agctatattagctttttaaatgactagggtaaataaaata
aggatcaaaaacttttaagtttctgaccctttccttacttcc
gattggttaatagtgatcttttgcagaataaataaatatc
gtttcattttcaactctatatatcagtctatgttcatctgta
attcttctggaccattttccagataaatcatgctttaatgg
ctcaggttttcctaatccagcaaagggggaacgatcgat
atcttttattaacttgttaatcttttttatattgcttttgtttc
cttgctcatgccaataaagataatcatcccaagcatcatc
agaccaagccttaatcatcagattcaacctcgattaagt
catgtgttttaaatgcacctttggagaattgttcatctcctc
gacgaattttttccatgacgtaattattagaaagtgttctc
aacgtttcttgcatagaatcataatctctttttgataatac
aacaactgtatcttctacatctttacttgttacaataagtg
tttcagcatcctcattaacttgtttcatataactacgtaaa
ttttggcggaaatttgaataagctactgcttccattecttt
caccccttatttatttctataaaacaattgtacattatatt
gtacaattaagcaaatgattaatattctaacttcttataa
ttaaaagtgctatcacttttagtttttaggataaaaggtg
acgtcactttttgagtgctggtacctcaaatcctgcetttt
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Supplementary Figure S2. (A) Flow Cytometry analysis of P, P, and PtIpA driven

mCherry expression in L. plantarum WCFS1 after 18 h incubation at 37°C. (B)

Fluorescence Spectroscopy analysis of the P_, P and PtlpA driven mCherry

expression after 18 h incubation at thermal gradients ranging from 31°C to 41°C.
The data corresponds to three biological replicates. (C) Fold Change of PtIpA driven

mCherry expression in comparison to P_ and P_promoters at 37°C (D) RFU Plot of

PtIIDA and PtIIDA39 driven mCherry expression after 18 h incubation at thermal gradients

ranging from 31°C to 41°C The data in B, C and D corresponds to three
independently conducted biological replicates with whiskers representing SD.
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Supplementary Figure S3. (A) Fluorescence microscopy images of

Pioar Pog Pug Py Pryr driven mCherry expression and Empty Vector

constructs in L. plantarum WCFS1 cultivated at 37°C for 18 h (Scale =

10pm). (B) Fold Change of the P, , P ., P, Pspp, driven mCherry
expression normalized to the expression level of the PﬂpA promoter at
31°C and 39°C respectively. The data corresponds to three

independently conducted biological replicates with whiskers as SD.



A B

2.5%104 30
2x104+ [«})
(@)
% 204
4
E 1.5%10 P
(&)
1%104- -
— 10_
o]
5%10°- L
0 T T T T T T 0 I
3 33 35 37 39 41 9 bp 6 bp

Temp (°C)

Supplementary Figure S4. (A) RFU Plot of P,,, P, and P, driven mCherry

expression showing enhanced fluorescence expression in contrast to Pspp within the

thermal gradients ranging from 31°C to 41°C. The data corresponds to three
independently conducted biological replicates with whiskers as SD. (B) Fold Change

of the PﬂpA promoter driven mCherry expression with 9 bp spacer (between the RBS

and the start codon) in comparison to the PﬂpA -6 bp spacer construct.
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Supplementary Figure S5. (A) Flow cytometry plots showing that strains with P -

driven mCherry expression produces relatively low intensities with part of the
population overlapping with the signal gained from bacteria that do not express any

fluorescent proteins (control). In comparison, the signal from PﬂpA is clearly

demarcated from that of control. (B) Agar-plate based analysis of plasmid retention
provided by the different TA systems. The total number of colonies can be
determined from the brightfield images and the red colonies visible in the fluorescent
images represent the plasmid-retaining bacteria.



A B
s £
O 204 n O 201 [
c (=
[ [
= s
D 45 . . D 45 . "
[7] [J]
£ £
g g
n | ]
o 101 . c 101 .
- L n - [] u
s . LI o 1 -
S s . . Y B .
= = =] .
1] (]
] " « * " ] 1 H
Y S S N N Y T L
0 1 2 3 4 5 6 7 8 9 01 2 3 4 5 6 7 8 9 10
Number of C bases Number of A bases in spacer

Supplementary Figure S7. Plots representing relative promoter strengths of 34
promoters in Table S3 vs (A) number of C bases in the -35 to -10 region and
(B)number of A bases in the spacer between the -35 and -10 region (non-bold region
in Table S3).

Supplementary Table S3: Promoter sequences included in Figure S7 and their
relative strengths. Sequences and strengths derived from reference “Rud, I., et al., A
synthetic promoter library for constitutive gene expression in Lactobacillus
plantarum. Microbiology, 2006. 152(4): p. 1011-1019.” The relative strengths of P23
and Py from this study were estimated based on expression levels we determined
in relation to Pas.

Promoter Sequence Relative

strength
P2o -35 TTGACAACCTGTGGGCGGTTTGATTTGTT -10 0.33
Pi7 -35 TTGACACTGATCCCGGCTGGTGGTAAATT -10 0.35
Pis -35 TTGACAGCGTGGGTTGGTGCTGGTAATTT -10 0.48
P4; -35 -TGACAGGGCTGTGATGGTGTGGTATTGT -10 0.50
Pys -35 TTGACAGGATAAAGGTCGCCTGGTATGGT -10 0.74
P4o -35 TCAACATACATGGATCG---TGGTATGTT -10 0.91
Pus -35 TTGACACTTGGAGGGTTTGATGGTAATCT -10 1.02
Pio -35 TTGACATTGTTAATGGCCCCTGATATATT -10 1.15
P34 -35 TTGACAGACAAACATAAGGATGATATGCT -10 1.80
Py -35 TTGACAGGGCTGAGCTGACCTGGTATGGT -10 2.33
P2 -35 TTGACA GAGTTGTCTGGTATTGATATTGT -10 2.60
Ps -35 TTGACACACAAAACCAGACATGGTATTAT -10 2.75
P33 -35 TTGACATGTGACCCGTTTTATGGTATTAT -10 4.58
P2 -35 TTGACATTCGGGGCATCTCGTGGTATAAT -10 4.84
Pz¢ -35 TGGACAAGTGATAAAACGGGTGATATGAT -10 5.06
Poo -35 TTGACAGATTAGGGCGGTCATGGTAAAAT -10 5.23
Pis -35 TTGACAGGGAGGCTTCGTTGTGATAAGAT -10 5.79
P47 -35 TTGACAGACGCGGGAGAATATGGTAAAGT -10 5.65
Pis -35 TTGACATCCCCCTCTCTTTCTGGTATAAT -10 5.76
Ps3 -35 TTGACAAAGAAGCCGGGTTTTGGTATAAT -10 5.93

P2g -35 TTGACAGTTCTGGCTGGATATGGTAAACT -10 6.51



Ps -35 TTGACAGGCAGCCATCTCTATGGTAAAAT -10 7.04

P3sg -35 TTGACAGAATGTTTTTGTAGTGGTATAAT -10 7.56

P30 -35 TTGACAGCCGAGGTACCATGTGGTATAAT -10 7.69

P3; -35 TTGACAAAAGTCCCAGGGTATGATATACT -10 8.04

Psg -35 TTGACAAATTCCGGTGTCTATGGTATTCT -10 8.64

Pos -35 TTGACATTAAGGCACATCATTGATATGGT -10 8.94

P3s -35 TTGACATGCAGGGAGTTTGTTGGTATAAT -10 9.49

P -35 TTGACAGGGATATTAGAGTATGGTATGCT -10 10.74

Py -35 TTGACACGCGCAGCAAGGCATGATATAAT -10 14.60

Pi: -35 TTGACAGAATGGACATACTATGATATATT -10 15.70

Pys -35 TTGACATGGAACGAGGAATGTGATAATCT -10 15.79

P23 -35 ATGACAAAAAGAGAAAATTTTGATAAAAT -10 19.86

Prur -35 TTTACAAATCAGATTAGGCTATATATAAT -10 5.49

A
Hit | Upstream a gene Position Sequence Sequence length Identity Matrix
Hit 1 Yes 257,256..257,284 GTTTATGTTGGTTATTTACGTAATAAAAT 29 82.76
Hit 2 No 1,292,083..1,292,110  ATTTTTAAAACAACTAACAAAAATGAAC 28 69.23
Hit 3 No 1,541,627..1,541,653 GTTATTTTTTAGTTTGTTGTGAAATTT 27 77.78
Hit 4 No 2,772,508..2,772,536 ATACTTAAACACAACAAAAAACACTTAAC 29 32.82
Hit 5 No 3,129,614..3,129,645 ATATGGTCAGTCAATGAAATCAACAAATAAAC 32 60.00
Hit 6 No 3,209,426..3,209,455 ATAGTAACCACCAGCACACCACAAGTAAAC 30 71.43

B C

o == Empty vector

Prame GTTTATTTGTTGGTTTGTTTGTGTTATAATAT (_'-Q' = Pripa

PTlpA GTTTA--TGTTGG-TTATTTACGTAATAAAAT

kkkkk  kkkkkk kk kkk  kk kkkk kX

PHAMP

Count
1

0° 10" 10> 10°

Intensity
Supplementary Figure S8. (A) Results obtained after screening the entire genome
of L. plantarum WCFS1 for a Ptpa-like sequence. (B) Sequence alignment of Pipa
and Prawvp. (C) Flow Cytometry analysis of Puypa and Prave driven mCherry
expression in L. plantarum WCFS1 after 18 h incubation at 37°C.



