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Supporting information

Supplemental Figure 1

Number of hook-basal-body (HBB) complexes as analyzed by C-ring-GFP microscopy and
hook immunostaining.

(A) Number of C-ring complexes as analyzed by FliG-GFP microscopy. A strain harboring a
functional FliG-GFP fusion as well as the fIhDC operon under arabinose control was grown in the
presence or absence of arabinose and analyzed by fluorescence microscopy. Upper panel:
distribution of C-rings per cell and exemplary images of cells expressing FliG-GFP in the absence
of arabinose (wildtype flhDC levels). Non-linear fitting of the Gaussian distribution was
employed (red line) and the average number of C-rings per cell is 5.2 £ 1.3 (n = 117). Lower
panel: distribution of C-rings per cell and exemplary images of cells expressing FliG-GFP in the
presence of arabinose (increased flhDC levels). Non-linear fitting of the Gaussian distribution was
employed (red line) and the average number of C-rings per cell is 7.8 + 2.2 (n = 115). Scale bar is
2 uM.

(B) Number of C-ring complexes as analyzed by FliM-GFP microscopy. A strain harboring a
functional FliM-GFP fusion as well as several flhD promoter mutations was analyzed by
fluorescence microscopy. Upper panel: distribution of C-rings per cell and exemplary images of a
strain expressing FliM-GFP with a wildtype flhD promoter. Non-linear fitting of the Gaussian
distribution was employed (red line) and the average number of C-rings per cell is 5.6 £ 2.2 (n =

266). Middle panel: distribution of C-rings per cell and exemplary images of a strain expressing
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FliM-GFP with a perfect -10 box of the P1 flhD promoter. Non-linear fitting of the Gaussian
distribution was employed (red line) and the average number of C-rings per cell is 8.0 £ 2.0 (n =
138). Lower panel: distribution of C-rings per cell and exemplary images of a strain expressing
FliM-GFP with a perfect -10 box of the P1 + P4 flhD promoter. Non-linear fitting of the Gaussian
distribution was employed (red line) and the average number of C-rings per cell is 8.9 £2.2 (n =
197). Scale bar is 2 uM.

(C) Number of assembled hook-basal-body (HBB) complexes as analyzed by hook
immunostaining. A strain harboring a functional FIgE::3xHA mutation as well as flhDC under
arabinose control was grown in the presence or absence of arabinose and analyzed by
fluorescence microscopy. Upper panel: exemplary images of cells with immunostained hooks in
the absence of arabinose (wildtype fThDC levels). Lower panel: exemplary images of cells with
immunostained hooks in the presence of arabinose (increased flhDC levels). Green: HBB
complexes (FIgE::3xHA tag) labeled with anti-hemagglutinin antibodies coupled to Alexa Fluor
488. Red: cell membrane stained with FM-64. Blue: DNA stained with Hoechst. Scale bar is 2

uM.

Supplemental Figure 2

Schematic of the flhD promoter region. The DNA sequence of the flhD promoter region of S.
enterica and the six described transcriptional start sites (Yanagihara et al., 1999) of the flhD
promoter are displayed. A red box annotates the wildtype -10 box sequence, whereas the black
box annotates the respective consensus -10 box mutation. A black arrow displays the

transcriptional start site (+1) of the respective promoter.
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Supporting Table 1

Salmonella enterica serovar typhimurium strains used and constructed in this study.

Strains Relevant characteristics Source or reference’
TH437 LT2 Wild-type for motility and chemotaxis J. Roth
TH7420 JliM5978::GFPmut2 lab stock
TH9857 ecnR::T-POP ecnR3::MudJ C. E. Wozniak
(Lee &  Hughes,
TH9949 flgE6554::bla  NigBC6557 20006)
(Wozniak et al.,

TH10068 ecnR3::MudJ 2008)
TH12470 flgE6569::bla NflgBC6557 MfliMN7392
TH12731 MlgBC6557 flgE6569::bla AfliP7457
TH14156 AaraBAD1007::flhD*C*
TH14525 flgE7742::3xHA (HA-tag after AA241) F.F. V. Chevance

MlgBC6557 figE6569::bla PfIhDC7460 (-38G:A from
TH14680 AUG) STM1911::Tnl0dTc MliG7388

MlgBC6557 flgE6569::bla PflhDC7461 (-152C:T
TH14681 from AUG) STM1911::Tnl0dTc AfliMN7392

NlgBC6557  flgE6569::bla  zec-3521::Tnl0dCm
TH14683 MiMN7392 fliA7463 (Ap™)

NlgBC6557  flgE6569::bla  zec-3521::Tnl0dCm
TH14684 MUMN7392 fliA7464
TH14781 PfiIhDC7776  (P1  -10  TATAAT  promoter) | C. E. Wozniak
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fliM5978::GFPmut?2

PflhDC7777 (PS  -10  TATAAT  promoter)

TH14782 JliM5978::GFPmut?2 C. E. Wozniak
TH14815 PAIhDC7790 (P3 -10 TATAAT) fliM5978::GFPmut2 C. E. Wozniak
TH14902 AaraBADI1007::flhD*C* NlgBC6557 flgE6569::bla
AaraBADI1007::flhD*C*  ANflgBC6557 flgE6569::bla
TH14903 MIUiF7387
AaraBADI1007::flhD*C*  ANflgBC6557 flgE6569::bla
TH14905 MiHII7398
AaraBADI1007::flhD*C*  ANflgBC6557 flgE6569::bla
TH14906 MiG7402 MliMN7392
AaraBADI1007::flhD*C*  ANflgBC6557 flgE6569::bla
TH14909 MIIMN7392 fliG7780::GFPmut2
PIDC7793 (P1  + P4 -10 TATAAT)
TH14924 fliM5978::GFPmut2
TH14980 PAIhDC7797 (P2 -10 TATAAT) fliM5978::GFPmut2 C. E. Wozniak
TH14981 PAIhDC7798 (P6 -10 TATAAT) fliM5978::GFPmut2 C. E. Wozniak
TH15184 flgE7742::3xHA AaraBAD1007:.flhD*C*
PfinD7776 (P1 -10 TATAAT) flhC5213::MudJ
TH15413 JliM5978::GFPmut2
PflhD7793 (P1 + P4 -10 TATAAT fIhC5213::MudJ
TH15414 JliM5978::GFPmut2
TH15415 PflnD7797 (P2 -10 TATAAT) flhC5213::MudJ
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fliM5978::GFPmut?2

PAIKDC7793 (P1 + P4 -10 TATAAT) AflgBC6557

TH15434 flgE6569::bla AfliP7457

TH15461 fliL5100::Mud] fliD7879:: TPOP
TH15462 SliL5100::MudJ IrhA2::TPOP
TH15463 SliL5100::MudJ STM1856-1::TPOP
TH15464 SliL5100::Mud] slyAl::TPOP
TH15466 SliL5100::Mud] ddg/yfdZ1::TPOP
TH15467 SliL5100::MudJ STM2011-2::TPOP
TH15468 fliL5100::Mud] fliD7881::TPOP
TH15469 SliL5100::MudJ ecnR6:: TPOP
TH15470 SliL5100::MudJ STM1856-2::TPOP
TH15471 fliL5100::MudJ ecnR7::TPOP
TH15496 ecnR3::MudJ ecnR7::TPOP

AaraBAD1007-:fIhD*C* flgE6569::bla NIgBC6557

TH15497 MIiG7388

AaraBAD1007:fihD*C* flgE6569::bla NIgBC6557

TH15498 NIiMN7392

TH15567 flgE7742::3xHA PfIhDC7776

TH15568 flgE7742::3xHA PfIhDC7793

TH15569 flgE7742::3xHA PfIhDC7797

TH15589 flgE6569::bla AfigBC6557 AiMN7392 IrhAl
TH15590 flgE6569::bla NigBC6557 NIiMN7393 IrhA2

Page 5




C-ring requirement in flagellar type III secretion is bypassed by FIhDC upregulation

TH15591 flgE6569::bla AflgBC6557 AliMN7394 IrhA3
TH15592 flgE6569::bla NflgBC6557 MIiMN7395 IrhA4
TH15593 flgE6569::bla NlgBC6557 MIiIMN7396 IrhAS
TH15594 flgE6569::bla AfigBC6557 AliMN7397 ecnR6
TH15595 flgE6569::bla AflgBC6557 MliMN7398 ecnR7
TH15596 flgE6569::bla AgBC6557 AliMN7399 slyAl
TH15597 flgE6569::bla NflgBC6557 MIiMN7400 resBi31
TH15598 flgE6569::bla NlgBC6557 NIiMN7401 resB132
TH15599 flgE6569::bla NlgBC6557 NliMN7402 yojN253
THI15600 flgE6569::bla NlgBC6557 NliMN7406 clpP71
TH15601 flgE6569::bla NflgBC6557 MIiMN7403 ydiV254
TH15602 flgE6569::bla NlgBC6557 NIiMN7404 ydiV255
TH15603 flgE6569::bla NflgBC6557 MIiIMN7405 ydiV256
TH15604 flgE6569::bla NflgBC6557 MIiMN7423 STM1856-1
TH15605 flgE6569::bla NlgBC6557 NIiMN7424 STM1856-2
TH15606 flgE6569::bla NflgBC6557 MIiMN7425 STM2011-1
TH15607 flgE6569::bla NlgBC6557 NIiMN7426 STM2011-2
TH15608 flgE6569::bla NflgBC6557 MIiMN7427 rfbPI
THI15609 flgE6569::bla NlgBC6557 MIiMN7428 pgtE]
THI5610 flgE6569::bla NflgBC6557 MIiMN7429 ddg/yfdZ1
THI5611 flgE6569::bla NlgBC6557 NliMN7430 pykF1
THI5612 flgE6569::bla NlgBC6557 NliMN7431 garLl
TH15613 flgE6569::bla NflgBC6557 MIiMN7432 yieP1
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TH15614 flgE6569::bla NflgBC6557 MliMN7433 hpaX1
TH15615 flgE6569::bla NflgBC6557 MlIMN7410 flhDC7872
TH15616 flgE6569::bla NflgBC6557 MliMN7411 flhDC7873
TH15617 flgE6569::bla NflgBC6557 MliMN7412 flhDC7874
TH15618 flgE6569::bla NflgBC6557 MliMN7413 flhDC7875
TH15619 flgE6569::bla NflgBC6557 MliMN7407 fliA7876
TH15620 flgE6569::bla NflgBC6557 MliMN7408 fliA7877
TH15621 flgE6569::bla NflgBC6557 MIIMN7409 fliA7878
TH15622 flgE6569::bla NflgBC6557 MliMN7418 fliD7879
TH15623 flgE6569::bla NflgBC6557 MlIMN7419 fliD7880
TH15624 flgE6569::bla NflgBC6557 MiMN7420 fliD7881
TH15625 flgE6569::bla NflgBC6557 MlIMN7421 fliD7882
flgE6569::bla MlgBC6557 MUMN7421
TH15756 MUT5758::FCF
fIhC5213::Mud)]  AaraBAD1049::slyA™ (D97E and
A98P compared to the published S.z. LT2 genome
TH15885 sequence)
TH15886 fIhC5213::MudJ AaraBAD1049::lrhA*
AaraBAD956::fliA* NigM5628::FRT MliA5647::FRT
TH15939 fIhC5213::Mud]

“ Strains for which no source or reference is given were constructed for this study.
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Supplemental Figure 2

TATAAT |§>

GAGGGCGTATGCTGTGACGAGATTAATTAATAACGTTTAATATTTAAGCTACTGTTTACT < 60
10 20 30 40 50

AAAGGTAAAATAAAAGCGTTTCTAAAATAGAAATAATAGCCTGTTATCTATTATCCTGGC < 120
70 80 90 100 110

GTTATTTTAACAGAGAGAAACAAAAAAGAATTTGGTGTTGACGTACCCCTATTCAGCAGT < 180
130 140 150 160 170

4

TATAAT IP—>

GTGGAATAGAAAAAGTGAACATTAGGTTATTAATTAAACAAAGTAAAAGCCATGCTGATG < 240
190 200 210 220 230

2

TATAAT |P—3> TATAAT IP—6> TATAAT IP—>

GTTTTATCGTAAGTATTCCGTTAAAATATGTGATCTGCATCACATATTTTCTAAAATCGC < 300
250 260 270 280 290

TATAAT IP_1>

CGTCCCGCTCCGTTGTATGTCACGAAGCTGACGAGTAGAGTITGCGTCGAATTAGGAAAAA < 360
310 320 330 340 350

TCTTAGGCATTTGTAAAAATTGATGTAAACGTGTAAGGCGAATCTCAGTGGGAGGCTGCG < 420
370 380 390 400 410

TTATACGTCACAATGTCCATAATGTCTGAGCGCTGCTATGCATTTGACCTTTTTGCTTCT < 480
430 440 450 460 470

TTTACCGGGCCTTCCCGGCGACATCACGGGGTGCGGCTACGTCGCACAAAAATAAAGTTG < 540
490 500 510 520 530

GTTATTCTGGATG < 553
550



