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Supplementary Figure 1. (Related to Figures 1 and 3) Effects of respiratory chain on L-form growth
a, Schematic representation of L-form switch by inhibiting PG precursor pathway in B. subtilis. The
increase of cellular ROS levels in the wall deficient cells results in cell death and counteraction of the
ROS production promotes L-form proliferation.

b, B. subtilis strains YK1450 (Pspac-hepS) and YK1454 (Pyy,-murE Pspac-hepS) were streaked on
NA/sucrose plates with or without 1 mM IPTG in the absence of xylose, and incubated at 30°C.

¢, Phase contrast micrographs of B. subtilis L-forms were taken from the plates shown in panel b.

d, B. subtilis strains 168CA (wild-type), YK1460 (ctaB::Tn), YK1461 (ndh::Tn) and YK1462 (qoxB::Tn)
were streaked on NA/sucrose plates with (middle) or without (left) 200 ug/ml PenG and 100 pg/ml
chicken egg white lysozyme, and incubated at 30°C. B. subtilis strains BS115 (Px,-murE), YK1816 (Pxyr-
murE ndh::Tn), YK1817 (Px,-murE qoxB::Tn) and YK1818 (P,,~-murE ctaB::Tn) were streaked on
NA/sucrose plates (no xylose), and incubated at 30°C (right).

e, Phase contrast micrographs of B. subtilis L-forms with a goxB mutation (YK1817) were taken from
the plates shown in panel d.

The figures are representative of at least three independent experiments (b-e).
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Supplementary Figure 2. (Related to Figures 2 and 3) Contrasting effects of carbon sources on L-
form growth

a, B. subtilis strains BS115 (Pyy~-murE), LR2 (Py,-murE ispA’), YK1391 (Py,-murE ccpA::tn) and YK1392
(Pxy-murE ptsl::tn) were streaked on NA/sucrose plates with or without 1% xylose, and incubated at
30°C.

b, Effects of carbon sources on L-form growth on minimal medium (MM). B. subtilis strains BS115
(Pxy-murE ispA*) and LR2 (Py,-murE ispA’) were streaked on MM plates with 0.5 M various carbon
sources (sucrose, glucose, malate or succinate) in the absence of xylose (MurE OFF), and incubated
at 30°C.

¢, Phase contrast micrographs of BS115 or LR2 were taken from the plates shown in panel b.

d, Effects of an ispA mutation on B. subtilis L-form growth on sucrose plates containing PenG and
lysozyme. B. subtilis wild-type strain (168CA; murE* ispA*) and RM81 (murE* ispA’) were streaked on
NA/sucrose plates containing 200 pug/ml PenG and 100 pg/ml chicken egg white lysozyme, and
incubated at 30°C for 2-3 days.

e, Effects of succinate on B. subtilis L-form growth. B. subtilis wild-type strain (168CA) was streaked
on NA/succinate plates containing 100 pg/ml cephalexin and 100 ug/ml lysozyme, and incubated at
30°C. Phase contrast micrograph of B. subtilis L-forms was taken from the plate (left).

The figures are representative of at least three independent experiments (a-e).
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Supplementary Figure 3. (Related to Figures 3 and 4) Oxidative stress does not prevent L-form
growth under gluconeogenic conditions.

a, Schematic representation of L-form death/growth phenotype in B. subtilis under glycolytic
conditions.

b, Effects of oxidative stress on L-form switch and growth under various culture conditions. B. subtilis
strains YK1604 (Py,-murE ispA” Pspac-bshB1) and YK2028 (Pyy-murE ispA” Pspac-sodA) were streaked on
NA/sucrose or succinate plates with or without IPTG in the absence of xylose (MurE OFF), and
incubated at 30°C under aerobic (High O3) or anaerobic (Low O3) conditions.

¢, d, Phase contrast micrographs of L-forms were taken from the NA/sucrose (c; No IPTG, Low O, /
Sucrose) or NA/succinate plate (d; No IPTG, High O, / Succinate) shown in panel b.

The figures are representative of at least two independent experiments (b-d).

We previously showed that the expression levels of many genes required for defence systems
against oxidative stress are higher in B. subtilis L-forms than those of parental walled cells in
NA/sucrose medium, and also that the several antioxidant systems, such as superoxide dismutase
(sodA) and bacillithiol synthesis (bshB1), are essential for L-form growth® (b, High O, / Sucrose). As
anticipated, it turned out that these systems are no longer required for L-form growth under
anaerobic conditions (b, ¢, Low O, / Sucrose), consistent with the notion that the ROS originate from
aerobic respiration. We then examined the possible role of the antioxidant systems on L-form
growth in the presence of succinate under aerobic conditions and found that they are not required
(b, d, High O, / Succinate). This suggests that the abnormal increase of ROS in the L-form transition is

largely suppressed under gluconeogenic conditions.
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Supplementary Figure 4. (Related to Figure 4) Effects of the L-form transition on intracellular
bacillithiol levels.

The dot plots show the total pool size of intracellular bacillithiol from ~108 cells of B. subtilis wild-
type (168CA) and ispA (RM81) cultures on NA/glucose plates with PenG (P) and lysozyme (L). Pre-
cultures of B. subtilis, before incubation in the presence of labelled glucose, were also analysed
(Pre.). The identification of bacillithiol is based on m/z ion counts, which are normalised over total

ion counts. The each dots represent the averages from four biological replicates (Exp. 1-4).



Supplementary Video 1. (Related to Figure 3) Contrasting effects of glucose and succinate on L-

form death/growth phenotype

B. subtilis wild-type cells (strain 168CA) were imaged in NB/glucose (left) or succinate (right) with

0.2% agar in the presence of PenG and lysozyme. PC images were acquired every 5 min (Numbers in

the top right corner). The movie displayed at 5 frames per second. Scale bar represents 5 um.

The figures are representative of at least two independent experiments.

Supplementary Table 1. (Related to Figure 4) Secreted succinate levels under glycolytic

conditions in the presence or absence of PenG and lysozyme

uM/total ions counts*10° (standard deviation)?

Wild-type (strain 168CA)

ispA (strain RM81)

Time (min)

No addition

PenG and lysozyme

No addition

PenG and lysozyme

0 (pre-culture)

0.5795 (0.0259)

0.8079 (0.0413)

45 0.6531 (0.0353) 0.2810 (0.0103) 0.8211 (0.0567) 0.2975 (0.0076)
90 0.6218 (0.0455) 0.2446 (0.0129) 0.7878 (0.0563) 0.2921 (0.0093)
120 0.6316 (0.0273) 0.2283 (0.0128) 0.7587 (0.0500) 0.2638 (0.0148)

aThe averages and the standard deviation of succinate concentrations in ~108 cells of wild-type or

ispA mutant from at least three biological replicates were shown. The samples were identical used

for extracellular pyruvate analysis (Fig. 4B)

Supplementary Table 2. (Related to Figure 5) Total viable S. aureus cells counts (CFU/ml)

under various growth conditions

Experiment 1° Experiment 2

Time after
addition of NB/Glucose NB/Succinate NB/Glucose NB/Succinate
PenG (hr)

0 1.8 x 108 1.7 x 108 3.2x 108 2.2x 108

1 9.8 x 10’ 1.1x 108 1.8 x 108 1.8x 108

3 6.5 x 107 1.1x 108 9.2 x 10’ 1.6 x 108

5 3.4x 107 1.1 x 108 2.6 x 107 6.2 x 107

24 7.0x 10* 7.1x 107 5.0x 10° 4.0x 107

®The data from Experiment 1 was used to generate figure 5E.




Supplementary Table 3. Bacterial strains, oligonucleotides and plasmids

Bacterial strains

Bacillus subtilis

168CA; trpC2 (wild-type) Lab. stock
RM81; 168CA xseB::Tn kan (ispA’) 2
BS115; 168CA QspoVD::cat Py,-murE QamykE::(tet xyIR) 3
LR2; BS115 xseB* (Frameshift 22T>-) (ispA’) 2
BS116; 168CA QspoVD::spc Py-murE QamyE::(tet xyIR) Lab. stock

YK1450; 168CA QhepS::pMutind-erm Pspec-hepS

{Kawai 2015}

YK1454; BS116 QhepS::pMutind-erm Pspac-hepS

YK1391; BS115 ccpA::Tn kan

{Kawai 2015}
4

YK1392; BS115 ptsl::Tn kan

4

YK1460; 168CA ctaB::Tn kan

{Kawai 2015}

YK1461; 168CA ndh::Tn kan

{Kawai 2015}

YK1462; 168CA qoxB::Tn kan

{Kawai 2015}

YK1563; LR2 QgimM::pMutind-erm Pspqc-gImM This work
YK1571; BS115 QgapA::pMutind-erm Pgpac-gapA This work
YK1601; BS115 QptsHI::pMutin4d-erm Pspac-ptsHI This work
YK1602; BS115 QptsG::pMutind-erm AptsG This work
YK1604; LR2 QbshB1::pMutind-erm Psp.c-bshB1 1

YK1621; BS116 QgapA::pMutind-erm Pspac-gapA amyE::Pspactiv- This work

gapA cat

YK1763; YK1563 ndh::Tn kan

{Kawai 2015}

YK1764; YK1563 qoxB::Tn kan

{Kawai 2015}

YK1765; YK1563 ctaB::Tn kan

{Kawai 2015}

YK1816; BS115 ndh::Tn kan

{Kawai 2015}

YK1817; BS115 goxB::Tn kan

{Kawai 2015}

YK1818; BS115 ctaB::Tn kan

{Kawai 2015}

YK1995; YK1563 mhgR::Tn kan

{Kawai 2015}

YK2028; LR2 QsodA::pMutind-erm Pspa-S0dA

1

YK2124; BS115 QsacP::pMutind-erm AsacP This work
YK2125; BS115 QfruA::pMutind-erm AfruA This work
YK2126; BS115 QlevD::pMutind-erm AlevD This work
Listeria monocytogenes

EDGe >

EDGe AoatAApgdA >
Staphylococcus aureus

RN4220 6
Enterococcus faecium

ATCC19434 Lab. stock
Oligonucleotides

pM4SD-gapA-F; GGGGAATTCTCTCTCACTTATTTAAAGGAG This work
pM4-gapA-R; GGGGGATCCAACGCCTTGTTTGCCCCAG This work
pPL82-gapA-F; TCTTCTAGATCTCTCACTTATTTAAAGG This work
pPL82-gapA-R; GCAGCATGCTCGAAAGAACCAAGTCAGG This work
pM4SD-ptsHI-F; GAAGAATTCAAGCTTTAAGTTAAAAGGAG This work
pM4-ptsHI-R; GGAGGATCCTTAGCGATACCTAAAGAC This work
pM4-ptsG-F; GAAGAATTC GGTCCTGCATTTCTTGAG This work
pM4-ptsG-R; GGAGGATCCATAATACCGCCGAACACC This work
pM4-sacP-F; GAAGAATTCTTATCAGCGCGGCTCATTG This work




pM4-sacP-R; GGAGGATCCTTAATAGGCCGCTGGCTAC This work
pM4-fruA-F; GAAGAATTCGTCACTGTTCTTGATAAGG This work
pM4-fruA-R; GGAGGATCCTTCAGACTCAGCTTCAAGG This work
pM4-levD-F; GAAGAATTCATTATCAGCGGTCATGGAG This work
pM4-levD-R; GGAGGATCCAAGCTGCCGCGTTATATGG This work
pM4SD-glmM-F; GGGGAATTCAAAGGAGCGATTATAAAATGGG This work
pM4-glmM-R; GGGGGATCCCCGCCTCTGCATCCATCG This work
Plasmids

pMutin4 7
PM4-Pspac-gapA This work
PM4-Pyyac-ptsHI This work
pM4-AptsG This work
pM4-AsacP This work
pM4-AfruA This work
pM4-AlevD This work
PM4-Pspac-gimM This work
pPL82 8
pPPL82-Psyacry-gapA This work
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