Science Advances

AVAAAS

Supplementary Materials for

TisB protein is the single molecular determinant underlying multiple
downstream effects of ofloxacin in Escherichia coli

Julien Cayron et al.

Corresponding author: Laurence Van Melderen, laurence.van.melderen@ulb.be

Sci. Adv. 10, eadk1577 (2024)
DOI: 10.1126/sciadv.adk1577

The PDF file includes:

Figs. S1 to S9

Legends for movies S1 to S3
Tables S1 to S5

References

Other Supplementary Material for this manuscript includes the following:

Movies S1 to S3



Supplementary figures

Untreated

Phase HU-mCherry

-

B
—~ 100 Lateral
X
O ( /_'
§w] CO
£
H
» 604
©
o
ks
o 40+
(o]
g
& 20—
1<)
(0]
o
0 T
30 90 150 210 270 330
Time after OF X addition (min)
D
WT cells with cytoplasmic condensation
3.6
HU-mCherry

1.8+

Cell length (um)
b

1

iy

@
n

-3.6-
3.64

1.8+

Cell length (um)
<

'

—

@
L

-3.6-

SSpsbA-sfGFP

Cells sorted by cell length

SSDsbA-sfGFP

5 -
Polar
r
s —
3 2.92 +/-0.57 ym
o 3
G
pY Lateral
g
€ 2] § )
2 1) 3.11 +/- 0.64 ym
0_ r T T T T
1 2 3 4 5
Cell length (um)
WT cells without cytoplasmic condensation
3.61
1.8

Cell length (um)
2

'

uy

(o]
f

-3.64
3.6

1.81

Cell length (um)
<

'

—

@
f

HU-mCherry |

-3.6-

r5200
4800
4400
4000
3600
3200
2800
2400
2000
1600
1200
800

400

1300
1200
1100
1000
900
800
700
600
500
400
300
200
100

SSDsbA-sfGFP | ‘ I
i

Cells sorted by cell length

(‘n"y) @ousosalon|y Ues

(‘n"y) @ousosalon|y uea



Figure S1: Polar and lateral cytoplasmic condensation are independent of cell length and lead
to a displacement of the nucleoid

For all experiments, cells were grown in MOPS 0.4% glucose at 37°C to an ODesoonm ~ 0.3 and
treated as described. Results are representative of 3 biological replicates. The data points are
mean £ SD. (A) Snapshots of untreated wild-type (WT) encoding a hupA-mCherry fusion and
an IPTG-inducible periplasmic marker *dsbA-sfgfp. The strain was grown in presence of 250
UM IPTG and spotted onto agarose pads containing 250 uM IPTG. Phase contrast, mCherry
(fire) and GFP (green) channels are shown as well as the merge of the fluorescence channels.
Scale bar = 5 um. (B-C) WT cells were spotted onto agarose pads containing 5 pg/mL OFX.
Time-lapse image acquisition started 5 min after spotting with additional image acquisition
every 5 min. (B) Percentage of WT cells in which polar (green) or lateral (blue) cytoplasmic
condensation is detected after OFX. (C) Cell length distribution of WT cells undergoing polar
(green) or lateral (blue) cytoplasmic condensation after 240 min in the presence of 5 pug/mL
OFX. Between 372 and 669 were analyzed for each condition. (D) Demographs of HU-mCherry
(upper panels) and >*DsbA-sfGFP (lower panels) localization in WT with (left panels) or without
(right panels) cytoplasmic condensation 120 min after addition of OFX. WT encoding a hupA-
mCherry fusion and an IPTG-inducible periplasmic marker SdsbA-sfgfp was grown in presence
of 250 uM IPTG and treated with 5 pg/mL OFX. Cells were then spotted onto agarose pads
containing 250 uM IPTG 120 min after addition of OFX. A total of 100 cells analyzed. Cells are

sorted by cell length. A.U. for arbitrary units.
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Figure S2: Complementation of AtisB-istR1 mutant with a plasmid containing tisB restores the
cytoplasmic condensation phenotype

For all experiments, AtisB-istR1 strains carrying either the empty vector plasmid (EV), a plasmid
containing tisB under native transcriptional regulation (pNFO02 tisB) or a plasmid containing the
entire tisB-istR1 locus under native transcriptional regulation (pNF02 tisB-istR1) were grown
in MOPS 0.4% glucose at 37°C to an ODsoonm ~ 0.3 and treated with 5 pg/mL OFX. At indicated
times, cells were spotted onto agarose pads and imaged. Results are representative of 3
biological replicates. (A) Representative images before and 240 min after OFX addition. Scale
bar = 5 um. (B) Percentage of AtisB-istR1/EV (A/EV), AtisB-istR1/pNF02 tisB (A/pNF02 tisB),
and AtisB-istR1/pNF02 tisB-istR1 (A/pNF02 tisB-istR1) cells in which cytoplasmic condensation
(CC) is detected after OFX addition. Results for WT cells are from figure 2B. Between 162 and

1,137 cells were analyzed for each sample. The data points are mean = SD.
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Figure S3: Osmotic shock and nutriment downshift induce tisB-independent cytoplasmic
condensation

(A) Length of cytoplasm before, during and 15 min after sucrose-induced osmotic shock in WT
and AtisB-istR1 derivative. Left panel: Representative images of WT and AtisB-istR1 cells. Right
panel: Quantification of cytoplasm length. WT and AtisB-istR1 derivative were grown in MOPS
0.4% glucose at 37°C to an ODeoonm ~ 0.3. Cells were spotted onto agarose pads with or without
20% sucrose and imaged immediately or 15 min after spotting. Results are representative of 3
biological replicates. Between 412 and 939 cells analyzed for each condition. The data points
are mean £ SD. Scale bar = 5 um. (B) Length of cytoplasm before, during (2 h after M9

perfusion) and 10 min after perfusion with LB in WT and AtisB-istR1 cells. Left panel:



Representative images of WT and AtisB-istR1 cells. Right panel: Quantification of cytoplasm
length. WT and AtisB-istR1 cells were grown in the microfluidic device in LB 37°C for 60 min.
Cells were then perfused with M9 for 2 h followed by 1 h of perfusion with LB. Image
acquisition was performed every 10 min. Results are representative of 3 biological replicates.
Between 65 to 412 cells were analyzed for each sample. The data points are mean = SD. Scale

bar=5 um.
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Figure S4: Membrane depolarization and cytoplasmic pH variations are associated with
cytoplasmic condensation
(A-B) WT and AtisB-istR1 cells were grown in MOPS 0.4% glucose at 37°C to an ODsgonm ~ 0.3

and treated with 5 ug/mL OFX. At indicated times, cells were stained with DiBAC4(3), spotted



on agarose pads and imaged. Results are representative of 3 biological replicates. (A)
Representative images of DiBACa(3)-staining of WT and AtisB-istR1 cells before and 180 min
after OFX treatment. DiBAC4(3) fluorescence is highlighted in green. Scale bar = 5 um. (B)
Percentage of DiBACa(3)-stained WT cells with or without cytoplasmic condensation (CC) after
OFX addition. Between 376 and 1,555 cells were analyzed for each sample. The data points
are mean + SD. (C-D) WT and its AtisB-istR1 cells containing the pHluorin2 reporter were grown
in MOPS 0.4% glucose at 37°C to an ODeoonm ~ 0.3, introduced into microfluidic device and
perfused with culture medium for 60 min. Cells were then perfused with culture medium
containing 5 pg/mL OFX for 360 min. Image acquisition was performed every 15 min. Results
are representative of 3 biological replicates. (C) Representative kymograph of WT cells
containing pHluorin2 during OFX treatment. Phase contrast, fluorescence at 470 nm (green),
fluorescence at 420 nm (dark blue) channels are shown as well as the merge of the
fluorescence channels. (D) Single-cell intracellular pH variations during OFX treatment. For
each acquisition, the fluorescence ratio (470/420 nm) of individual cells was calculated. A total
of 126 and 102 cells were analyzed for WT and the AtisB-istR1 strains, respectively. (E)
Intracellular pH variations during OFX treatment in MOPS 0.4% glucose adjusted to pH 6.5. WT
and its AtisB-istR1 cells containing the pHluorin2 reporter were grown in MOPS 0.4% glucose
adjusted to pH 6.5 at 37°C to an ODsoonm ~ 0.3, introduced into microfluidic device and
perfused with pH-adjusted culture medium for 60 min. Cells were then perfused with pH-
adjusted culture medium containing 5 pug/mL OFX for 360 min. Image acquisition was
performed every 15 min. At indicated times, the fluorescence ratio (470/420 nm) of individual
cells was calculated. Results are representative of 3 biological replicates. The data points are

mean of individual replicate (symbol), median (full line) + quartiles (dashed line). (F) Same as



(E) but with MOPS glucose 0.4% adjusted to pH 8.5. Between 178 and 1,011 cells were

analyzed for each sample.
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Figure S5: A pkatG::gfp transcriptional reporter is not induced by OFX due to inhibition of
transcription

For all experiments, cells were grown in MOPS 0.4% glucose at 37°C to an ODeoonm ~ 0.3 and
treated as described. Results are representative of 3 biological replicates. (A) Validation of the
transcriptional pkatG reporter. WT cells containing the plasmid-encoded pkatG-gfpmutz
reporter exposed for 30 min to indicated concentrations of H,O; followed by measurement of
GFP fluorescence by flow cytometry. A total of 50,000 cells were analyzed per replicate. The
data points are median (full line) £ quartiles (dashed line). (B) Induction of transcriptional

pkatG-gfpm.:» reporter during OFX treatment. WT cells containing plasmid encoded pkatG-

9fPmut2 reporter were treated with 5 ug/mL OFX. At indicated time points, GFP fluorescence



was measured by flow cytometry. H,0, (20 nM) was used as positive control. A total of 50,000
cells were analyzed per replicate. The data points are median (full line) = quartiles (dashed
line). (C) Incorporation of radioactive [3H]-uridine during OFX treatment. WT and AtisB-istR1
strains were treated with 5 pg/mL OFX. At indicated times, culture samples were incubated
with radioactive [*H]-uridine for 5 min followed by trichloroacetic acid wash. Dashed line
represents mean [3H]-uridine incorporation after 30 min rifampicin. The data points are mean
+SD. (D) Same as (C) but with radioactive [**S]-methionine. Dashed line represents mean [3°S]-

methionine incorporation after 30 min chloramphenicol.
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Figure S6: H20; production after OFX treatment is linked to cytoplasmic condensation

For all experiments, cells were grown in MOPS 0.4% glucose at 37°C to an ODeoonm ~ 0.3 and

treated as described. Results are representative of 3 biological replicates. (A) Representative

kymographs of WT cells containing HyPer-3 (left panel) and HyPer-3 C208A (right panel). Cells



were grown in microfluidic device for 60 min followed by perfusion with culture medium
containing 5 pg/mL OFX for 360 min. Image acquisition was performed every 5 min. Phase
contrast, fluorescence at 500 nm (red) and fluorescence at 420 nm (green) channels are shown
as well as the merge of the fluorescence channels. (B) Representative images of fluorescent
2’,7’-dichlorofluorescein (DCF)-staining in WT and AtisB-istR1 cells before and 120 min after 5
ug/mL OFX treatment. At indicated times, samples were incubated with 2',7'-
dichlorodihydrofluorescein diacetate (H,DCFDA) for 40 min, spotted onto agarose pads and
imaged. Scale bar = 5 um. (C) Percentage of DCF-stained WT and AtisB-istR1 cells with or
without cytoplasmic condensation (CC) after OFX addition. Cells were treated and imaged as
in (B). Positive control corresponds to cells treated with 100 mM H,0,. Between 116 and 1,106
cells were analyzed for each sample. The data points are mean  SD. (D) Representative images
of WT and AtisB-istR1 cells containing the HyPer-3 reporter during kanamycin (Kan) treatment.
Cells were treated with kanamycin (20 pg/mL) and spotted onto agarose pads 120 min after
treatment. The merge of fluorescence channels (Ex. 500 nm (red), Ex. 420 nm (green)) and
phase contrast is shown. (E) Intracellular H,0; variations during Kan treatment. Cells were
treated and imaged as in (D). At indicated times, the fluorescence ratio (500/420 nm) of
individual WT (left panel) and AtisB-istR1 cells (right panel) containing the HyPer-3 reporter
was calculated. Between 206 and 1,449 cells were analyzed for each sample. The data points

are mean of individual replicate (symbol), median (full line) £ quartiles (dashed line).
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Figure S7: TisB does not contribute to OFX-mediated lethality

For all experiments, cells were grown in MOPS glucose 0.4% at 37°C to an ODeoonm ~ 0.3 and
treated as described. Results are representative of 3 biological replicates. The data points are
mean £ SD. (A) Growth curve of WT (orange line) and AtisB-istR1 (green line) strains in MOPS-
glucose 0.4% at 37°C. ODgoonm Was measured every 15 min. (B) Survival of WT (orange) and
AtisB-istR1 (green) strains during 24 hours in the presence of OFX. At indicated times, culture
samples were diluted and plated on LB agar plates. (C) Incorporation of radioactive [3H]-
thymidine during OFX treatment. WT and AtisB-istR1 cells were treated with 5 ug/mL OFX. At
indicated times, culture samples were incubated with radioactive [*H]-thymidine for 5 min
followed by trichloroacetic acid wash. Dashed line represents mean [3H]-thymidine

incorporation after 30 min MMC. The data points are mean =+ SD.

Movie legends

Movie S1: Time-lapse movie of DNA compaction and cytoplasmic condensation induced by OFX
in wild-type cells.

Related to figures 1A-C and S1A and S1D: Representative cells undergoing cytoplasmic
condensation during OFX treatment. WT cells encoding a hupA-mCherry fusion and an IPTG-

inducible periplasmic marker **dsbA-sfgfp were grown in MOPS medium supplemented with



0.4% glucose and 250 uM IPTG at 37°C to an ODsoonm ~ 0.3. Cells were spotted onto agarose
pads containing OFX (5 pug/mL) and IPTG (250 uM). Time-lapse image acquisition started 15
min after spotting with acquisition every 5 min. Phase contrast, mCherry (red) and GFP (green)
channels are shown as well as the merge of the fluorescence channels. Yellow arrows indicate
cells with cytoplasmic condensation. Scale bar =5 pum.

Movie S2: Time-lapse movie of wild-type cells forming lateral and polar periplasmic expansion
during OFX treatment

Related with Figure 1D and S1B-C: Representative cells forming lateral (left panel) or polar
(right panel) periplasmic expansions. WT cells were grown in MOPS medium supplemented
with 0.4% glucose at 37°C to an ODsoonm ~ 0.3. Cells were then spotted onto agarose pads
containing OFX (5 pg/mL). Scale bar = 3 um. Time-lapse image acquisition started 60 min after
spotting with acquisition every 30 seconds.

Movie S3: Time-lapse movie of wild-type and AtisB-istR1 cells containing the HyPer-3 or HyPer-
3 C208A reporters during OFX treatment

Related to Figure 5A-B and S6A. WT (upper panels) and AtisB-istR1 (bottom panels) cells
containing the HyPer-3 (left panels) or HyPer-3 C208A (right panels) were grown in the
microfluidic device in MOPS 0.4% glucose at 37°C for 60 min. Cells were then perfused with
culture medium containing OFX (5 pg/mL) for 360 min. Phase contrast, Ex. 500 nm (red) and
Ex. 420 nm (green) channels are shown as well as the merge of the fluorescence channels.

Image acquisition was performed every 15 min. Scale bar =5 um.



Supplementary tables

Strain

Genotype

Source or reference

MG1655 (BE10)

E. coli K-12 F- A- ilvG- rfb-50 rph-1 fnr*

Lab collection (81)

BE16

MG1655 hupA-mCherry-FRT-kan-FRT

P1(LY119) x BE10 to Kn"

BE44 MG1655 hupA-mCherry-FRT-kan-FRT, P1(TB263) x BE16 to Ap"
attHKTB263 (Pjqc::>>dsbA-sfgfp)
BE22 MG1655 lexA3(Ind’), malE300::Tn10 Lab collection
BE48 MG1655 hupA-mCherry-FRT-kan-FRT, P1(BE22) x BE16 to Tet"
lexA3(Ind’), malE300::Tn10
BE61 MG1655 hupA-mCherry-FRT, AtisB- P1(BE98) x BE181 to Kn'
istR1::FRT-kan-FRT
BE84 MG1655 AtisB-istR::FRT Derivative from BE83, kan
removed via pCP20
BE98 MG1655 AtisB-istR::FRT-kan-FRT P1(CRtisB-istR1) x BE10 to
Kn"
BE181 MG1655, hupA-mCherry-FRT Derivative from BE16, kan

removed via pCP20

CRtisB-istR1

MG1655 AtisB-istR::FRT-kan-FRT

Ared FRT-kan-FRT insertion
replacing the tisB-istR1
locus

TB263

TB28, attHKTB263 (Piac::SSdsbA-sfgfp)

From T. Bernhardt (21)

LY123

MS388 hupA-mCherry-FRT-kan-FRT

From C. Lesterlin (89)

Table S1. Strains

Plasmid Description Source or reference
pCP20 FLP expression plasmid (82)
HyPer-3 pBeloBAC11 derivative encoding the E. coli | Lab collection

optimized H,0; sensor Hyper-3 under the
control of the proDp-0034b region

HyPer-3 C208A | HyPer-3 with cysteine 208 substituted by This work
alanine

pkatG-gfpmut2 pUAG6 derivative, pSC101 origin, katG (44)
promoter region cloned upstream of the
gfpmut2 gene

pKD4 Carries FRT-kan-FRT used for Ared (82)
integration

pKD46 Plasmid for Ared recombination (82)

pNF02 oriF cat At1ter-proDp-mScarlet-I-T7TEluxIA | Lab collection (90)

pNFO2-EV pNFO02 derivative single copy plasmid This work
without proDp-mScarlet-1

pNF02-tisB pNFO02 derivative containing the tisB gene | This work
under the control of its native promoter

pNFO02-tisB-istR1 | pNFO2 derivative containing the tisB-istR1 | This work

locus




pHIuorin2 pBeloBAC11 derivative encoding the E. coli | Lab collection
optimized pH sensor pHluorin2 under the
control of the proDp-0034b region
pUA66-pistR1- pSC101 origin, istR1-tisB promoter region From |. Matic (35)
tisB-gfpmut2 cloned upstream of the gfpmur2 gene
Table S2. Plasmids
Primer | Sequence (5’-3’) Construction
P1 CAATATTTATACAAGCACAGCTTTACAGGGGAGACA | 3 o4 FRT-kan-FRT insertion at
ATGGAAAATTTTTCATTCCGGGGATCCGTCGACC the istR1-tisB locus. PCR on
P2 TGTTTAGCGGCAGAATATGTAAACAAAAGCGGCAA pKD4
TAAATGTTGCCGGGATGT AGGCTGGAGCTGCTTCG
P3 GATGGCGCAGTTGGTAGTAGTTTTGCGTTGAGCAT | Verification of FRT-kan-FRT
G insertion at the istR1-tisB
P4 CTTACAAAAATGGTGTGGCAGCGAAAACCCGCAAC | locus
C
P5 ACGCGTAAAAAATTAGCGCAAGAAGACAAAAATC | Construction of the pNF02-EV
P6 GTGCACCTCTAGTATCACACTGGCTC plasmid. Amplification of
pNF02 without proDp-
mScarlet-1. PCR on pNF02
P7 TGATCGAACGCGTAAAAAATTAGCGCA pNF02-tisB and pNF02-tisB-
P8 GTGCGGGTTGGTGTGCACCTCTAGTATCACACTGGC | istR1 plasmids constructed by
TC Gibson assembly. (P7-P9) for
P9 TTGTTATCTGCAACGCGTAAAAAATTAGCGCAAG cloning tisB gene and tisB-
istR1 locus (P8-P9) in pNF02-
EV plasmid
P10 TTTTACGCGTTCGATCACAGTTTGCGTTTT PCR amplification of tisB gene
P11 CTAGAGGTGCACACCAACCCGCACGCTAAAT (P10-P11) and tisB-istR1 locus
P12 AATTTTTTACGCGTTGCAGATAACAAAAAACCCC (P11-P12) for construction of
pNF02-tisB and pNF02-tisB-
istR1 plasmids by Gibson
assembly with pNFO2-EV
P13 AGAGCATTAGCGCAAGGTG Sequencing of pNF02-tisB and
P14 ATTGTCGATCAGACTATCAGC PNF02-tisB-istR1 plasmids
P15 GGGCGGATGAAGATACACACTTCCG Substitution of the cysteine
P16 CGGCTTCAAACGCGAAACCGGTGCC 208 by alanine. PCR on HyPer-
3
P17 GGTGATGTCGGCGATATAGG PCR amplification of
P18 GCTAGTTATTGCTCAGCGG pHluorin2  fragment  on
pET28- Xbal-34b-pHluorin2-
N3-Notl
Table S3. PCR primers used for strain and plasmid construction
Chemically | Sequence (5’-3’) Construction
synthesized
fragment
by IDT, Inc.




proDp-
RBS0034b

CACAGCTAACACCACGTCGTCCCTATCTGCTGCCCTAGGTCTATG
AGTGGTTGCTGGATAACTTTACGGGCATGCATAAGGCTCGTATAA
TATATTCAGGGAGACCACAACGGTTTCCCTCTACAAATAATTTTGT
TTAACTTTTACTAGAGAAAGAGGAGAAA

HyPer-3 and
pHluorin2

Mlul-34b-
6His-HyPer-
3-N1-Apall

GCTCCGACGCGTTACTAGAGAAAGAGGAGAAAGCTAGCATGAG
AGGTTCGCACCATCATCACCACCACGGATCGGAAATGGCAAGCC
AGCAGGGCGAGACGATGTCGGGACCGTTGCACATAGGTTTGAT
TCCCACAGTTGGACCGTACCTGCTACCGCATATTATCCCTATGCTG
TACCAGACCTTTCCAAAGCTGGAAATGTATCTGCATGAGGCACA
GACCCACCAGTTACTGGCGCAACTGGACAGCGGCAAACTCGATT
GCGTGATCCTCGCACTGGTGAAAGAGAGCGAAGCATTCATTGAA
GTGCCGTTGTTTGATGAGCCAATGTTGCTGGCTATCTATGAAGAT
CACCCGTGGGCGAACCGCGAATGCGTACCGATGGCCGATCTGGC
AGGCGAAAAACTGCTGATGCTGGAAGATGGTCACTGTTTGCGC
GATCAGGCAATGTCCGCCGGCTACAACAGCGACAACGTCTATATC
ATGGCCGACAAGCAGAAGAACGGCATCAAGGCCAACTTCAAGA
TCCGCCACAACGTCGAAGACGGCAGCGTGCAGCTCGCCGACCA
CTACCAGCAGAACACCCCCATCGGCGACGGCCLCCGTGLTGLTGC
CCGACAACCACTACCTGAGCTTCCAGTCCGTCCTGAGCAAAGAC
CCCAACGAGAAGCGCGATCACATGGTCCTGCTGGAGTTCGTGAC
CGCCGCCGGGATCACTCTCGGCATGGACGAGCTGTACAACGTG
GATGGCGGTAGCGGTGGCACCGGCAGCAAGGGCGAGGAGCTG
TTCACCGGGGTGGTGCCCATCCTGGTCGAGCTGGACGGCGACG
TAAACGGCCACAAGTTCAGCGTGTCCGGCGAGGGTGAGGGCG
ATGCCACCTACGGTAAGCTGACCCTGAAGCTGATCTGCACCACC
GGCAAGCTGCCCGTGCCCTGGCCCACCTTGGTGACCACCCTCGG
CTACGGCCTGAAGTGCTTCGCCCGCTACCCCGACCACATGAAGC
AGCACGACTTCTTTAAGTCCGCCATGCCCGAAGGCTACGTCCAG
GAGCGCACCATCTTCTTCAAAGACGACGGTAACTACAAGACCCG
CGCCGAGGTGAAGTTCGAGGGCGACACCCTGGTGAACCGCATC
GAGCTGAAGGGCATCGGCTTCAAGGAGGACGGCAACATCCTGG
GGCACAAGCTGGAGTACAACGGCACCGGTTTCTGTTTTGAAGC
CGGGGCGGATGAAGATACACACTTCCGCGCGACCAGCCTGGAA
ACTCTGCGCAACATGGTGGCGGCAGGTAGCGGGATCACTTTACT
GCCAGCGCTGGCTGTGCCGCCGGAGCGCAAACGCGATGGGGETT
GTTTATCTGCCGTGCATTAAGCCGGAACCACGCCGCACTATTGGT
CTGGTTTATCGTCCTGGCTCACCGCTGCGCAGCCGCTATGAGCA
GCTGGCAGAGGCCATCCGCGCAAGAATGGATGGCCATTTCGATA
AAGTTTTAAAACAGGCGGTTTAATGACTAAGTAAGGCGCCACTG
GTGCACCTCTAGTATCAC

HyPer-3

Xbal-34b-
pHluorin2-
N3-Notl

GCGGATAACAATTCCCCTCTAGAGGGAGACCACAACGGTTTCCC
TCTACAAATAATTTTGTTTAACTTTTACTAGAGAAAGAGGAGAAA
GCTAGCATGGTTTCAAAAGGCGAAGAACTATTTACCGGCGTAGT
GCCCATTCTGGTTGAACTGGATGGCGATGTTAACGGTCATAAATT
CTCGGTAAGCGGCGAAGGCGAAGGCGATGCCACCTATGGCAAA
CTGACCCTGAAATTCATCTGCACCACCGGTAAACTGCCGGTGCC

GTGGCCGACGCTGGTCACCACCCTGTCGTATGGCGTGCAGTGCT

pHluorin2




TTAGCCGCTATCCGGATCACATGAAACAGCACGATTTCTTTAAAT
CCGCCATGCCCGAAGGCTATGTCCAGGAACGCACCATTTTCTTCA
AAGATGATGGCAACTACAAAACCCGCGCCGAAGTGAAATTCGA
AGGCGATACCCTGGTGAATCGCATTGAACTGAAAGGCATTGATT
TTAAAGAGGATGGCAACATCCTGGGCCATAAACTGGAATATAACT
ACAACGAACATCTGGTGTATATCATGGCCGATAAACAAAAAAAC
GGCACCAAAGCTATCTTCCAGGTGCATCATAACATCGAAGATGGC
AGCGTGCAGCTGGCGGATCACTATCAGCAGAACACCCCGATTGG
CGATGGCCCGGTGCTGCTGCCGGATAACCATTATCTGCATACCCA
GTCGGCGCTGTCGAAAGATCCGAACGAAAAACGCGATCACATG
GTGCTGCTGGAATTTGTCACCGCCGCCGGTATCACCCATGGCATG
GACGAACTGTATAAATAATGACTAAGTAAGGCGCCACTGGTGCA

CCTCTAGTATGCGGCCGCACTCGAGCACCA

Table S4. DNA sequences used for the optimization of the HyPer-3 and pHluorin2 reporters

550 em)

Fluorescent reporter or dye | LED/filter (ex, em) Power (%)/
exposure (ms)

HU-mCherry 555 nm LED/0O Nil red (530-585 ex, 50/300
615LP em)

SSDsbA-GFP 475 nm LED/38HE (450-490 ex, 500- 10/300
550 em)

tisB transcriptional fusion 475 nm LED/38HE (450-490 ex, 500- 5/10
550 em)

pHluorin2 430 nm LED/custom filter (405/20 ex, | 30/500
535/50 em)
475 nm LED/38HE (450-90 ex, 500- 5/600
550 em)

HyPer-3 and pHyPer-3 430 nm LED/custom filter (405/20 ex, | 20/600

C208A 525/30 em)
511 nm LED/46YFP (490-510 ex, 520- | 80/500
550 em)

Propidium iodide 555 nm LED/0O Nil red (530-585 ex, 5/100
615LP em)

DiBAC4(3) 475 nm LED/38HE (450-490 ex, 500- 10/100
550 em)

Syto9 475 nm LED/38HE (450-490 ex, 500- 5/100
550 em)

H2DCFDA 475 nm LED/38HE (450-490 ex, 500- 50/150

Table S5: Microscopy parameters




Supplementary notes

Excitation spectrum and calibration of pHluorin2 for intracellular pH quantification
Properties of the pHluorin2 reporter are represented in Figure S8A.

Excitation spectra: Excitation spectrum of WT cells containing the plasmid-encoded pHluorin2
reporter was measured using the SpectraMax i3 (Figure S8B). Fifteen mL of culture at ODsoonm
~ 0.3 grown in MOPS 0.4% glucose were centrifuged at 3,275 g for 15 minutes at 20°C and
resuspended in saline solution (pH 6.5). Ninety uL of MOPS 0.4% glucose adjusted to different
pH (5.5, 6.5, 7.5 or 8.5) supplemented with and without 40 mM sodium benzoate was added
to a 96-well black border clear flat bottom plate and pre-warmed to 37°C. Ten uL of cell
suspension were added to each well. Fluorescence excitation spectra at emission of 535 nm
was recorded using SpectraMax i3. Excitation scans were performed between wavelength 380
nm to 510 nm in 2 nm-steps and with the emission set at 535 + 15 nm. The background from
non-fluorescent cells was subtracted from the signal. Based on the excitation spectrum,
excitation wavelengths of 420 nm and 470 nm were selected for the ratiometric analysis of
intracellular pH.

Calibration: WT cells containing the plasmid-encoded pHluorin2 reporter were grown
overnight (16-18 h) in MOPS 0.4% glucose adjusted to different pH (5.5, 6.5, 7.5 or 8.5).
Cultures were diluted to an ODsoonm Of 0.01 in the corresponding media and grown at 37°C to
an ODeoonm Of 0.3. Cells were loaded into a microfluidic plate and perfused for 1 hours at 37°C
in the corresponding pH-adjusted media, followed by a perfusion of 50 min with 40 mM
sodium benzoate. Fluorescence microscopy was performed with excitation wavelengths of
420 nm and 470 nm and emission was measured at 535 nm. Fluorescence intensity analysis
was performed using the Microbe) plug-in and the fluorescence ratio (470/420 nm) was

calculated (Figure S8C).
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Figure S8: Characterization of the pHluorin2 reporter
(A) Schematic representation of pHluorin2 properties. (B) pHIuorin2 excitation spectrum at
different pH. WT cells containing the plasmid-encoded pHluorin2 reporter were grown in

MOPS 0.4% glucose adjusted to different pH at 37°Cto an ODsgonm~ 0.3. Cells were centrifuged



and resuspended in their corresponding pH-adjusted MOPS 0.4% glucose medium containing
or not 40 mM sodium benzoate. Fluorescence excitation spectrum at emission wavelength of
535 nm was measured using SpectraMax i3. Results are representative of 3 biological
replicates. The data points are mean = SD. (C) Validation of pHluorin2 in the microfluidic
system. Wild-type cells containing the plasmid-encoded pHluorin2 reporter were grown in the
microfluidic device in MOPS 0.4% glucose adjusted to different pH at 37°C for 60 min followed
by perfusion of 40 mM sodium benzoate. Fifteen min later, pHluorin2 was excited using 420
nm and 470 nm and emission wavelength was measured at 535 nm. Results are representative
of 3 biological replicates. At total of at least 500 cells analyzed. The data points are median

(full line) £ quartiles (dashed line).

Excitation spectra of pHyPer-3 and pHyPer-3 C208A in presence of H;0; or at different pH

Properties of the HyPer-3 and HyPer-3 C208A reporters are represented in Figure S9A, upper

panel.

Excitation spectra in presence of H»0:: Excitation spectra of WT cells containing the plasmid-
encoded HyPer-3 or HyPer-3 C208A reporter were measured using the SpectraMax i3. Fifteen
mL of culture at ODgoonm ~ 0.3 grown in MOPS 0.4% glucose were centrifuged at 3,275 g for 15
min at 20°C and resuspended in saline solution (pH 6.5). Ninety uL of MOPS 0.4% glucose
supplemented with 0 uM, 50 uM, 100 uM, 500 uM, 1 mM or 10 mM H,0, were added to a 96-
well black border clear flat bottom plate and pre-warmed to 37°C. Ten pL of cell suspension
were added to each well. Fluorescence excitation spectra at emission of 535 nm were recorded
using SpectraMax i3. Excitation scans were performed between wavelength 380 nm to 510 nm

in 2 nm-steps and with the emission set at 535 + 15 nm. The background from non-fluorescent



cells was subtracted from the signal. Based on the excitation spectrum, excitation wavelengths
of 420 nm and 500 nm were selected for the ratiometric analysis of intracellular H,0; levels.

Excitation spectra at different pH: Excitation spectra of WT cells containing the plasmid-
encoded HyPer-3 or HyPer-3-C208A reporter were measured using the SpectraMax i3. Fifteen
mL of culture at ODgoonm ~ 0.3 grown in MOPS 0.4% glucose were centrifuged at 3,275g for 15
minutes at 20°C and resuspended in saline solution (pH 6.5). Ninety puL of MOPS 0.4% glucose
adjusted to different pH (5.5, 6.5, 7.5 or 8.5) supplemented with and without 40mM sodium
benzoate was added to a 96-well black border clear flat bottom well plate and pre-warmed to
37°C. Ten pL of cell suspension were added to each well. Fluorescence excitation spectra at
emission of 535 nm was performed using SpectraMax i3. Excitation scans were performed
between wavelength 380 nm to 510 nm in 2 nm-steps and with the emission set at 535 nm

15. The background from non-fluorescent cells was subtracted from the signal (Figure S9B).
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Figure S9: Characterization of HyPer-3 and HyPer-C208A reporters

(A) Schematic representation of HyPer-3 and HyPer-C208A properties (upper panel) and
fluorescence excitation spectrum of HyPer-3 and HyPer-C208A in presence of different doses
of H,0, (bottom panel). WT cells containing the plasmid-encoded HyPer-3 (left) or HyPer-
C208A (right) reporter were grown in MOPS 0.4% glucose adjusted to an ODeoonm ~ 0.3.
Cultures were diluted to an ODeoonm Of 0.01 in PBS and H>O; was added at the following
concentrations: 50 uM, 100 uM, 500 uM, 1 mM and 10 mM. The untreated (0 uM) condition
corresponds to a culture without exogenous H,0,. Fluorescence excitation spectrum at
emission wavelength of 535 nm was measured using Spectramax i3. Results are representative
of 3 biological replicates. The data points are mean % SD. (B) Fluorescence excitation spectrum
of the HyPer-3 and HyPer-C208A biosensors at different pH. Wild-type cells containing the
plasmid-encoded HyPer-3 or HyPer-C208A reporter were grown in MOPS 0.4% glucose
adjusted to different pH at 37°C to an ODeoonm ~ 0.3. Cells were centrifuged and resuspended
in their corresponding pH-adjusted MOPS 0.4% glucose containing or not 40 mM sodium
benzoate. Fluorescence excitation spectrum at emission wavelength of 535 nm was measured
using Spectramax i3. Results are representative of 3 biological replicates. The data points are

mean £ SD.
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