Supplementary Tables

Table S1: List of strains

Strains

Relevant genotype/properties

Source/construction

B.subtilis 168

trpC2

(Anagnostopoulos  and
1961)

Spizizen,

BUGI trpC2 AclpP: :spec (Gerth et al., 2004)

BNM103 trpC2 AclpP: :spec BUGI - B. subtilis 168

BNM104 trpC2 AclpP: :spec Suppressor mutant obtained from
BNM103

QBP418 PY79 AclpC: :tet (Pan et al., 2001)

BNM105 trpC2 AclpC: :tet QBP418 = B. subtilis 168

BMM103 trpC2 AclpE: :spec (Miethke et al., 2006)

BNM106 trpC2 AclpE: :spec BMM103-> B. subtilis 168

BEK90 trpC2 AclpX::kan (Gerth et al., 2004)

BNM107 trpC2 AclpX: :kan BEK90 - B. subtilis 168

ORB3834 trpC2 pheAl Aspx::kan (Nakano et al., 2001)

BNM109 trpC2 AclpX: :tet This work

BNM111 trpC2 Aspx::kan ORB3834 > B. subtilis 168

ORB3838 trpC2 pheAl Aspx.::kan AclpX::spec | (Nakano et al., 2001)

BNM112 Aspx::kan AclpX::spec ORB3838 > B. subtilis 168

BNM126 trpC2 Ahag pMAD#hag > B. subtilis 168

NRS1499 NCIB 3610 AdegSU. :spec N. Stanley-Wall, unpublished

BNM138 trpC2 AdegSU: :spec NRS1499 > B. subtilis 168




BNM140 trpC2 AdegSU::spec AclpC: :tet BNM105/BNM138 > B. subtilis 168
BNM142 trpC2 AdegSU::spec AclpX::kan BNM107/BNM138-> B. subtilis 168
PS258 trpC2 AcodY::erm (Brinsmade and Sonenshein, 2011)
BNM143 trpC2 AcodY::erm PS258 = B. subtilis 168
BNM147 trpC2 AcodY::erm AclpX::kan BNM107 > BNM143
BNM149 trpC2 AcomK pMADcomK > B. subtilis 168
BNM150 trpC2 AcomK AclpC: :tet BNM105 - BNM149
DS791 NCIB3610 amyE::PflgB—lacZ cat (Kearns and Losick, 2005)
BNM301 trpC2 amyE::PflgB—lacZ cat DS791 > B. subtilis 168
BNM302 trpC2 amyE::PflgB—lacZ cat BNM103 - BNM301
AclpP: :spec
BNM303 trpC2 amyE::PflgB—lacZ cat BNM105 - BNM301
AclpC: :tet
BNM305 trpC2 amyE::PflgB—lacZ cat BNM107 - BNM301
AclpX::kan
BNM306 trpC2 amyE::PflgB—lacZ cat BNM138 - BNM301
AdegSU::spec
BNM307 trpC2 amyE::PflgB—lacZ cat BNM111 - BNM301
Aspx::kan
BNM308 trpC2 amyE::PflgB—lacZ cat BNM112 - BNM301
Aspx::kan AclpX: :spec
BNM309 trpC2 amyE::PflgB—lacZ cat BNM143 - BNM301
AcodY::erm
DS793 NCIB3610 amyE::Phag—lacZ cat (Kearns and Losick, 2005)
BNM328 trpC2 amyE::Phag—lacZ cat DS793 > B. subtilis 168
BNM329 trpC2 amyE::Phag—lacZ cat BNM103 - BNM328
AclpP: :spec
BNM330 trpC2 amyE::Phag—lacZ cat BNM105 - BNM328
AclpC: :tet
BNM332 trpC2 amyE::Phag—lacZ cat BNM107 - BNM328

AclpX::kan




BNM333 trpC2 amyE::Phag-lacZ cat BNM138 > BNM328
AdegSU::spec

BNM334 trpC2 amyE::Phag—lacZ cat BNMI111 - BNM328
Aspx::kan

BNM335 trpC2 amyE::Phag—lacZ cat BNM112 - BNM328
Aspx::kan AclpX: :spec

BNM336 trpC2 amyE::Phag—lacZ cat BNM143 - BNM328
AcodY::erm

BNM338 trpC2 amyE::Phag—lacZ cat BNM138 > BNM328
AdegSU::spec AclpC: :tet

BNM339 trpC2 amyE::Phag—lacZ cat BNM138/BNM107 > BNM328
AdegSU::spec AclpX::kan

BNM341 trpC2 amyE::PflgB—lacZ cat BNM138/BNM105 - BNM301
AdegSU::spec AclpC: :tet

BNM343 trpC2 amyE::Phag—lacZ cat BNM107 - BNM336
AcodY::erm AclpX::kan

BNM346 trpC2 amyE: :flgB152p—lacZ cat pflgB152 > B. subtilis 168

BNM347 trpC2 amyE: :flgB152p—lacZ cat BNM138 - BNM346
AdegSU. :spec

BNM348 trpC2 amyE: :flgB152p—lacZ cat BNM105 - BNM346
AclpC: :tet

BNM349 trpC2 amyE: :flgB152p—lacZ cat BNM105/BNM138 - BNM346
AdegSU.:spec AclpC: :tet

BNM350 trpC2 Aspx::kan pMMNS521 > B .subtilis 168
amyE: : Phyperspankty)—SpX spec (Nakano et al., 2003)

BNM351 trpC2 Aspx::kan pSN56 > BNM111
amyE:.‘P;,ypmpank(Hy)—spr D spec (Nakano et al., 2003)

BNM421 trpC2 Ahag amyE::Pyy,-hagl cat pXhagl > BNM126

BNM422 trpC2 Ahag amyE::Py,—hagl cat BNM103 - BNM421
AclpP: :spec

BNM423 trpC2 Ahag amyE::Pyrhagl cat | BNM105 - BNM421
AclpC: :tet

BNM424 trpC2 Ahag amyE::Py—hagl cat BNM106 > BNM421
AclpE: :spec

BNM425 trpC2 Ahag amyE::Py—hagl cat BNM107 - BNM421
AclpX::kan

BNM426 trpC2 Ahag amyE::Py,—hag4 cat pXhag4 > BNM126




BNM427 trpC2 Ahag amyE::Py,—hag4 cat BNM103 - BNM426
AclpP: :spec
BNM428 trpC2 Ahag amyE::Py,—hag4 cat BNM105 - BNM426
AclpC: :tet
BNM429 trpC2 Ahag amyE::Pyrhag4 cat | BNM106 > BNM426
AclpE: :spec
BNM430 trpC2 Ahag amyE::Py,—hag4 cat BNM107 - BNM426
AclpX::kan
BNM436 trpC2 Ahag amyE::Py,—hag4 cat BNMI111 - BNM426
Aspx::kan
BNM437 trpC2 Ahag amyE::Py,—hag4 cat BNM112 - BNM426
Aspx::kan AclpX::spec
BNMS10 trpC2 amyE: : Phyperspank(tiy~SPX pSN56 > BNM101
spec (Nakano et al., 2003)
BNMS§34 trpC2 amyE::PflgB—lacZ cat BNM107 - BNM309
AcodY::erm AclpX::kan
BNMS840 trpC2 AcodY::erm AclpX::kan BNM107 > BNM143
BNMS844 trpC2 amyE: : Phyperspank(tiy~SPX BNM143 = BNM810
spec AcodY::erm
LUW272 trpC2 AyjbH::spec (Rogstam et al., 2007)
BNMS55 trpC2 AyjbH: :spec LUW272 - BNM101
BNMS&57 trpC2 AyjbH::spec Aspx::kan BNMS855 > BNM111
ABH282 PY79 ywrK::Tn917::amyE::cat pAH120 - B. subtilis PY79
(Camp and Losick, 2009)
BNMS860 trpC2 ywrK::Tn917::amyE::cat ABH282 - BNM101
BNMS866 trpC2 ywrK::Tn917::amyE:: pSN56 > BNMS860
P hyperSpank(Hy)_prDD spec
BNMS878 trpC2 ywrK::Tn917::amyE:: BNM301 - BNM866
P hyperSpank(Hy)_prDD spec
amyE::PflgB—lacZ cat
BNM1001 trpC2 ywrK::Tn917::amyE:: BNM328 - BNM866
P hyperSpank(Hy)_prDD spec
amyE::Phag—lacZ cat
swrd” degQ" | trpC2 sacA::swrd cat thrC::degQ Gift of Nicola Stanley-Wall
kan Jorn HoBBmann, Diploma thesis
BNM1266 trpC2 sacA::swrd cat thrC::degQ BNMI105-> swrd " degQ"

kan AclpC: :tet




BNM1268 trpC2 sacA::swrd cat thrC::degQ BNM103-> swrd " degQ"
kan AclpP::spec

BNM1270 trpC2 sacA::swrd cat thrC::degQ BNM109-> swrd " degQ"
kan AclpX: :tet

DK 1042 NCIB3610 comIQ12L BGSC (Lab of Dan Kearns)

BHS122 NCIB3610 comIQ12L AclpC: :tet BNM105-> DK 1042

BHS123 NCIB3610 comI-Q12L AclpX::kan BNM107-> DK1042

E.coli XL1-|recAl endAl gyrA96 thi-1 hsdR17 | Stratagene

blue supE44 reldl lac [F proAB lacl’

competent ZM15 Tnl0 (Tet')]

cells

E.coli F11202 | lacl? lacL8 gin5::Tn5 1202 (Fiedler and Weiss, 1995)

Table S2: List of plasmids

Plasmid Construction Reference
pQE60 C-terminal Hisg¢-tag fusion Qiagen
pQE60-hag hag in Ncol/BamHI of pQE60 This work
pPQE60—spx spx in Ncol/BamHI of pQE60 This work
pDG268 Vector for transcriptional /acZ fusion | (Antoniewski et al., 1990)
pflgB152 flgB152 fragment in EcoRI/BamHI of | This work
pDG268
pMAD Vector for markerless deletions (Arnaud et al., 2004)
pMAD-hag hag flanking regions in BamHI/Ncol | (Blair et al., 2008)
of pMAD
pPMAD-comK comK flanking regions in BamHI/Ncol | This work
of pMAD
pMMNS521 Phyperspank(tyy—spx for amyE insertion (Nakano et al., 2003)
pSN56 Phyperspank(Hy)—spr ? for amyE insertion | (Nakano et al., 2003)
pX Expression from Py in amyE (Kim et al., 1996)

pX—hagl

hagl fragment in BamHI of pX

This work
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Table S3: List of primers

Primer

Sequence

PhagQE60—for

catgccatggtgagaattaaccacaatattgcagcg

PhagQE60—rev

ggggatccacgtaataattgaagtacgttttgc

spxpQE60—for

ggagtgaagatccatggttacac

spxpQE60-rev

gatacgatggatccgtttgccaaacgce

hagl—for cccggatccatgagaattaaccacaatattge
hagl-rev cccggatccttaacgtaataattgaagtacgttttge
hag4—for cccggatcctgtagccgggaggaggcgcea

hag4—rev ccccggatccagaccctggcaacgccaadgg
flgB152—for ggaattcttgctgaccgtgtcggcattac
flgB152—rev cgggatccgcgatattattagttatgac

flgB (-209 to -6)—for

ggaattcattttgcatttttcttcaaaaag

flgB (-209 to -6)—rev

cgggatcctattgtaagaaataacaggc

flgB (-106 to 98)—for

ggaattcctaacaatctaggactttatac

flgB (-106 to 98)-rev

cgggatcccaagattttgtatcgt

flgB (-1 to 203)—for

ggaattctatagttttacaattctcgac

flgB (-1 to 203)—rev

cgggatccaattttggaaagagactttttttg

hag—probe—for attgaaagttgttgatgaag

clpXtetP1 agtgacattccctgaggag

clpXtetP2 gaacaacctgcattgcaagatctttcaccccttaatcttg

clpXtetP3 ttgatcctttttttataacaggaattcagataagcacaaacct
cctg

clpXtetP4 tttggcattctcgtggtcgeg
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Supplementary Figure Legends

Fig S1 in vivo stability of Hag

B. subtilis wild type cells were grown in Belitsky minimal medium and pulse labeled
with 25 uCi **S—methionine for 10 minutes. Samples were TCA—precipitated and
immunoprecipitation was performed with Hag—specific antibodies and protein A—coated
magnetic beads. Samples were separated by SDS-PAGE (12.5 %) and subjected to
autoradiography.

Fig S2 Northern blot analysis of flagellar transcripts in wild type and c/p mutant
cells.

Northern blot using total RNA of the wild type and strains BNM126 (Ahag), BNM103
(AclpP), BNM105 (AcipC), BNM106 (AclpE) and BNM107 (AclpX) grown to ODggo 1.0
at 37 °C in LB medium. 200 ng total RNA were separated by gel electrophoresis and
blotted on nylon membranes. The RNA was hybridized to a digoxygenin (DIG)-labeled
DNA probe against hag, and developed using anti—digoxygenin antibodies conjugated to
alkaline phosphatase. Antibodies were detected using CDP-Star (Roche Applied
Sciences). M: 100 ng DIG—labeled RNA Molecular Weight Marker I1I (Roche Applied
Sciences).

Fig S3 Uncoupling hag expression from flagellar regulation.

(A) Hag Western blot analysis of strain BNM421 (WT), BNM422 (AclpP), BNM423
(AclpC), BNM424 (AclpE) and BNM425 (AclpX), carrying a xylose—inducible copy of
hag at the amyFE locus. Cells were grown to OD 1.0 at 37 °C in LB medium with 2 % w/v
xylose (+) or in the absence of xylose (—). Cells were lysed by lysozyme treatment and
boiling in SDS sample buffer (see Materials and Methods). (B) Same as A for strains
BNM426 (WT), BNM427 (AclpP), BNM428 (AclpC), BNM429 (AclpE) and BNM430
(AclpX), in which the hag coding region along with the untranslated regions is expressed
under the control of the Py promoter. (C) Motility assay of strains BNM426 (WT),
BNM427 (AclpP), BNM428 (AclpC), BNM429 (AclpE) and BNM430 (AclpX) in the
absence (left) or presence (right) of 2 % w/v xylose. (D) Hag Western blots of strains
BNM426 (WT), BNM430 (AclpX), BNM436 (Aspx) and BNM437 (Aspx AclpX), induced
with 2 % w/v xylose.

Fig S4 clpC affects swimming motility and Hag levels via comK.

(A) Motility assay of B. subtilis wild type and AclpC::tet (BNM105), AcomK (BNM149),
and AclpC::tet AcomK (BNM150). (B) Cells of the indicated strains (as in A) were grown
to ODgoo 1.0 at 37 °C. Cell lysates were analyzed by SDS-PAGE and Western blotting
using anti—-Hag antibodies.

Fig S5 DegU levels in wild type and c/p mutant cells.

The wild type and strains BNM103 (AclpP), BNM105 (AclpC), BNM106 (AclpE),
BNM107 (AclpX) and BNM138 (AdegSU) were grown in LB medium at 37 °C to T-1
(one hour prior to entry into stationary phase, A), TO (time of entry into stationary phase,
B), T2 (C), T3 (D) and T4 (E), protoplasts were prepared and lysed (see Materials &
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Methods). Lysates were separated by SDS-PAGE and subjected to Western blot analysis
using polyclonal DegU antibodies (upper panels) or HtpG antibodies as a loading control
(lower panels). Band intensities were normalized by calculating the ratio between the
DegU signal and the HtpG signal and subsequently normalized to wild type levels of each
time point.

Fig S6 The influence of clpX acts on motility independently of degU.

(A) Motility assay of the wild type and strains BNM107 (AclpX), BNM138 (AdegSU),
and BNM140 (AdegSU AclpX). (B) P—galactosidase assay of the indicated strains
carrying a Phag—lacZ fusion. Circles: wild type 168, triangles: AclpX::kan (BNM305),
diamonds: AdegSU::spec (BNM333), inverted triangles: AdegSU.:spec AclpX::kan
(BNM339). Results from one representative experiment are depicted.

Fig S7 Clp proteases influence motility independently of codY.

(A) CodY Western blot of lysates from the wild type and strains BNM103 (AclpP),
BNM105 (AclpC), BNM106 (AclpE) and BNM107 (AclpX) grown to ODggo 1.0 at 37 °C
in LB medium. (B) Motility assay of the wild type and strains BNM107 (AclpX::kan),
BNM143 (AcodY::erm) and BNM147 (AcodY::erm AclpX::kan). (C) Hag Western blot
analysis, strains as in (A). (D) f—galactosidase assays of strains carrying a PflgB—lacZ
fusion. AclpX::kan (BNM30S5, triangles), AcodY::erm (BNM309, diamonds) and
AcodY::erm AclpX::kan (BNM834, inverted triangles). Results from one representative
experiment are shown. (E) Same as (D) for the Phag—lacZ fusion. Circles: wild type 168
(BNM328), triangles: AcodY::erm (BNM336) diamonds: AclpX::kan (BNM332),
inverted triangles: AcodY::erm AclpX::kan (BNM343).

FigG S8 A clpP suppressor mutant restores motility and Hag levels.

(A) Growth curves in LB medium at 37 °C of the B. subtilis wild type (circles), freshly
transformed AclpP::spec mutant (BNM103, squares) and from a AclpP::spec suppressor
mutant (BNM104, triangles). (B) Motility assay of the indicated strains (as in A). (C)
Hag Western blot of the wild type and strain BNM 104 (AclpP sup, upper panel) and Spx
Western blot of the wild type, strain BNM104 (AclpP sup), and strain BNM103
(AclpP::spec).

Fig S9 Production of Spx”" reduces #ag mRNA levels and Hag protein levels.

(A) Northern blot analysis of samples from strain BNM351 (Aspx::kan amyE::Py—
spx”P) induced with 1 mM IPTG as indicated. Blots were hybridized with DIG-labeled
hag probe. (B) Western blot analysis of samples from strains BNM350 (Aspx::kan
amyE::Pp,—spx) and BNM351 (Aspx::kan amyE::PHy—spr ?) induced with 1 mM IPTG
using Spx and Hag antibodies.

Fig S10 YjbH influences swimming motility and Hag levels.
(A) Motility assay of the wild type and strains BNM111 (Aspx), BNM855 (AyjbH) and
BNMS857 (Aspx AyjbH). (B) Hag Western blot analysis. Strains as in (A).
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Fig S11 Electrophoretic mobility shift assay using purified Spx and fla/che promoter
DNA fragments.

Gelshift experiments using different PflgB fragments (A: -209 to -6, B: -106 to 98, C: -1
to 203 relative to the fIgB transcription start site) and purified Spx—Hise (0, 1.25, 2.5 or
5 uM) were performed in the presence of poly—d—IC under oxidizing (1 mM diamide,
left) and reducing conditions (5 mM DTT, right).

Fig S12 Influence of clpC and clpX mutations on swimming motility of B. subtilis
strains carrying the swrA™ and degQ" alleles. (A) Swimming plate with the indicated
complemented B. subtilis 168 strains. (The plate was inoculated with 3 pul of a growing
culture (ODgqo of 1) and incubated for 7 h at 37 °C and o/n at room temperature) (B) A
Western Blot (with anti Hag and anti HtpG serum) of extracts prepared from indicated B.
subtilis strains (ODggo 0,9-1,1) 5 ng total protein was loaded. (C) Swimming plate of the
wild type NCIB 3610 strain and the respective c/pC and c/pX mutant.
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