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Figure S1. Phospholipid binding by the N-terminal motif of Bordetella effector BteA.

(A) Protein-lipid overlay assay. The recombinant GST-tagged N-terminal LRT domain (LRT) and full-
length BteA (BteA/BtcA) protein of B. pertussis were incubated at 5 pg/ml with commercial lipid strips.
The binding was detected using an anti-GST antibody followed by chemiluminescence detection.
Recombinant GST was used as a control. Lysophosphatidic acid (LPA); lysophophocholine (LPC);
phosphatidylinositol (PI); phosphatidylinositol phosphates (PIP, PIP2, PIP3); phosphatidylethanolamine
(PE); phosphatidylcholine (PC); sphingosine-1-phosphate (S1P); phosphatidic acid (PA), and
phosphatidylserine (PS).

B) SPR kinetic binding analyses of the interaction between GST and lipid vesicles. Serially diluted GST
protein (at 500, 250, 125, 62.5, and 31.25 nM concentrations) was injected in parallel over the neutravidin
sensor chip coated with the immobilized liposomes (100 nm in diameter) containing PC, PS/PC (20:80),
PA/PC (5:95), or PIP2/PC (5:95), and left to associate (120 s) and dissociate (380 s) at constant flow rate of
30 pl/min. For clarity, only the binding curve for the highest concentration of GST (500 nM) is shown. The
sensograms show the representative binding curves from three independent “one-shot kinetic” experiments.
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Figure S2. Phospholipids PS and PIP2 guide plasma membrane association of Bordetella BteA effector
and its LRT motif in cells.

(A-B) Phospholipid levels in the yeast cells were monitored by localization of GFP-tagged lipid-specific
probes. (A) PIP2-specific probe 2xPH(PLCS) was used as a control of the specificity of decreased PS levels
in the cholA derivative of the S. cerevisiae BY4742, whereas (B) PS-specific probe GFP-Lact-C2
monitored the specificity of decreased PIP2 levels in the mss4” of S. cerevisiae SEY6210 at the restrictive
temperature. Representative images from two independent experiments with the same outcome are
presented. Scale bar, 5 um.

(C) GFP-tagged BteA (BteA-GFP) effector of B. pertussis was visualized upon galactose induction in the
temperature-sensitive mss4” mutant and wild type (WT) strain of S. cerevisiae SEY 6210 after the shift from
the permissive (25 °C) to restrictive temperature (38 °C). Representative images from two independent
experiments with the same outcome are presented. Scale bar, 5 um.
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Figure S3. Leu51 residue is involved in hydrophobic interactions of the LRT motif with a
phospholipid membrane.

(A) Overlay plot of SPR sensograms obtained after injection of LRT, LRT-L51N, and LRT-L51F proteins
at 250 nM concentration over the neutravidin sensor chip coated with the immobilized PS/PC (20:80) lipid
vesicles. The binding curves are representative of five independent “one-shot kinetic” experiments.

(B) Western blot analysis. Protein extracts were prepared from yeast cell cultures with plasmids encoding
the indicated GFP-tagged LRT protein variants after 20 h induction with galactose. Equal volumes of
extracts (0.4 ml of the culture equivalent; OD600 = 1) were separated on SDS-PAGE and analyzed by
immunoblot using an anti-GFP antibody (1: 2,000). The arrow indicates the molecular weight of the intact
LRT-GFP fusion protein.
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Figure S4. Charge-reversal substitutions within the LRT segment do not affect GFP-fusion protein
stability in yeast and HeLa cells.

Protein extracts were prepared from (A) yeast cell cultures expressing the indicated GFP-tagged LRT
protein variants after 20 h induction with galactose or (B) HeLa cells 18 h post-transfection. The equal
volumes of extracts were separated on SDS-PAGE and analyzed by immunoblot using an anti-GFP antibody
(1: 2,000). The arrow indicates the molecular weight of the intact LRT-GFP fusion protein.
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Figure SS. Positively charged residues of the loop L1, helix B, and helix D are critical for the plasma
membrane association of the LRT motif.

S. cerevisiae BY4741 cells carrying plasmids encoding the indicated LRT-GFP protein variants were
induced for 20 h for protein expression and examined by live-cell imaging. Representative images from two
independent experiments with the same outcome are presented together with the plasma membrane (PM)
index of the analyzed fusion proteins. Values of the PM index from 10 randomly-selected cells expressing
the indicated protein with mean = SD are shown. See Experimental procedures for details and Table S1 for
statistics. Scale bar, 5 pm.
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Figure S6. Bordetella BteA effector and its LRT domain exhibit a preferential polarized localization
in yeast cells.

S. cerevisiae BY4741 harboring plasmids encoding GFP-tagged LRT domain (LRT-GFP) or full-length
BteA (BteA-GFP) were cultivated for 20 h in the medium supplemented with galactose to induce protein
expression followed by their live-cell imagining. Arrows in respective panels point to incipient bud sites,
small buds and mother-bud necks of large buds. Scale bar, Sum.
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Table S1. Alanine and glutamic acid mutagenesis of positively charged amino acid residues in the
LRT motif of BteA. The cellular distribution of the indicated variants of LRT-GFP fusion proteins in
S. cerevisiae was evaluated using intensity profile plots. See Experimental procedures for details. The mean
+ SD of plasma membrane (PM) index from 10 cells (n=10) expressing the respective LRT variant is
presented. The significance of differences was tested by unpaired two-tailed t-test as compared to LRT-WT.
The significance levels are indicated as follows: ns, not significant; *, p< 0.01; **, p<0.001; ***, p<0.0001;
wakk p<0.00001. The protein variants with a significance level of p< 0.001 are highlighted in green. ND,
not determined.

Alanine mutagenesis Glutamic acid mutagenesis
Substitution PM index Significance | Substitution PM index Significance
(mean = SD) level (mean+SD) level
WT 1.7£0.6 WT 1.7+£0.5
RI15A 1.3+04 ns R15E 1.4+0.2 ns
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Table S2. List of bacterial strains used in this study. Bacterial strain name, genotype description, and

reference are indicated.

Strain

Genotype and relevant description

Reference

Escherichia coli strains

XL1-Blue recAl endAl gyrA96 thi-1 hsdR17 supE44 relAl lac
F’ proAB laclqZAMI15 Tn10 Tet Stratagene, USA
Rosetta 2 F- ompT hsdSs(rs” mg’) gal dem (DE3) pRARE2 (Cam®),
BL21 derivatives designed to enhance the expression of Novagen, USA
proteins that contain codons rarely used in E. coli
SM10 Apir thi thr leu tonA lacY supE recA::RP4-2-Tc::Mu Km Apir (48,49)
Bordetella pertussis strains
BpB1917 wild type Bordetella pertussis B1917; fim2-1, fim3-2, ptxP3, | (50,51)
ptxAl, ptxB2, ptxC2, ptxD1, ptxEl, prn2
Bordetella bronchiseptica strains
WT BbRB50; wild type Bordetella bronchiseptica RB50 (52,53)
(B1976); complex I rabbit isolate; ST-12
AbteA BbRBS50 Abted; BbRBS5O0 strain derivative with bted in- this study
frame deletion of codons L2-A657
bteA-L1 BbRB50 bteA-L.1; BbRBS50 strain derivative encoding this study

mutated bteA allele with 3 codon substitutions
RS50E+H52E+HS3E
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Table S3. List of yeast strains and mammalian cell lines used in this study. Names, descriptions, and

references are indicated.

Genotype and relevant description

Reference

Saccharomyces cerevisiae strains

(54), Euroscarf,

BY4741 MATa; his3A1; leu2AO; ura3A0; metl 5A0
Germany
BY4741 dgkIA | MATa; his3A1; leu2A0; ura3A0; metSAO; dgkl--kanMx4 | Euroscart
Germany
BY4742 MATo; his3A1; leu2AO; ura3A0; ys2A0 (54), Buroscarf,
Germany
BY4742 cholA | MATa: his3A1: leu2A0; ura3A0; lys2A0; chol:kanMx4a | Euroseart
Germany
MATw; leu2-3,112; ura3-52; his3-A200; trpl-A901; lys2-
SEY6210 801 suc2-A9 (55)
MATo; leu2-3,112; ura3-52; his3-A200; trpl-A901; lys2-
SEY6210 mss4* | 801, suc2-A9; mss4A::HISIMX6 + YCplacl11mss4-102 | (37)

[LEU2 CEN6 mss4*-102]

Mammalian cell lin

€S

Hela

Human cervical adenocarcinoma cell line

ATCC, CCL-2™
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Table S4. List of plasmids used in this study. Plasmid names, descriptions, and references are provided.

Plasmid Description Reference
ET28b His-tagging expression vector for E. coli, T7 Novagen,
p promoter, lac operator, Km® USA
i pET28b vector encoding the BtcA chaperone of .
PET28b-BteA BpB1917 fused with 6xHis tag on its N-terminus this study
pGEX-6P1 GST-tagging expression vector for E. coli, lac GE
operator, Amp® Healthcare,
USA
pGEX-6P1-LRT pGEX-6P1 vector encoding the LRT domain (aa
1-130) of BteA effector of BpB1917 fused with this study
GST on its N-terminus
pGEX-6P1-LRT-L5IN pGEX-6P1-LRT harboring the LRT-L5IN .
oo this study
substitution
pGEX-6P1-LRT-L51F pGEX-6P1-LRT harboring the LRT-L51F .
o this study
substitution
pGEX-6P1-LRT-L1 pGEX-6P1-LRT harboring the LRT- this stud
RS50E+HS52E+H53E substitutions uey
pGEX-6P1-LRT-hB pGEX-6P1-LRT harboring the LRT- this stud
R59E+K62E+R66E substitutions iy
pGEX-6P1-LRT-hD pGEX-6P1-LRT harboring the LRT- this stud
K99E+R100E substitutions Y
pGEX-6P1-BteA pGEX-6P1 vector encoding the BteA effector of this stud
BpB1917 fused with GST on its N-terminus Y
pGEX-6P1-BteA-L1 pGEX-6P1-BteA harboring the LRT- this stud
RS50E+HS52E+H53E substitutions Y
An expression vector for S. cerevisiae, GALI .
pYC2-CT promoter, URA3 marker, Amp®, CEN6/ARS4 Invitrogen
pYC2-CT vector encoding the LRT domain (aa 1-

130) of BteA effector of BpB1917 fused with .
pYC2-CT-LRT-GFP GFP on its C-terminus, the gene is under the this study
control of the GALI promoter

pYC2-CT-LRT-L51N-GFP pYC2-CT-LRT-GFP harboring the LRT-L51N .
. this study
substitution
pYC2-CT-LRT-L51F-GFP pYC2-CT-LRT-GFP harboring the LRT-L51F .
. this study
substitution
pYC2-CT-LRT-L1-GFP pYC2-CT-LRT-GFP harboring the LRT- this study

RS5S0E+HS52E+HS3E substitutions
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pYC2-CT-LRT-hB-GFP

pYC2-CT-LRT-GFP harboring the LRT-

R59E+K62E+RGGE substitutions this study
pYC2-CT-LRT-hD-GFP pYC2-CT-LRT-GFP harboring the LRT- this stud
K99E+R100E substitutions iy
Constructs of pYC2-CT-LRT- | Set of pYC2-CT-LRT-GFP harboring the
GFP used in a glutamic acid following substitutions within LRT: R15E, R33E, this stud
mutagenesis screen R44E, R50E, R59E, K62E, R66E, R74E, R80E, y
RI95E, K99E, R100E, R108E, K115E
Constructs of pYC2-CT-LRT- | Set of pYC2-CT-LRT-GFP harboring the
used 1n an alanine ollowing substitutions within : , 5
GFP used i lani followi bstituti ithin LRT: R15A, R33A
mutagenesis screen R44A, R50A, H52A, H53A, R59A, K62A, R66A, | this study
R74A, R80A, R95A, K99A, R100A, R108A,
KI115A
pYC2-CT vector encoding the BteA effector of
pYC2-CT-BteA-GFP BpB1917 fused with GFP on its C-terminus, the (18)
gene is under the control of the GALI promoter
T 11l pYC2-CT-BteA-GFP harboring the LRT- .
pYC2-CT-BteA-LI-GFP R50E-+H52E+H53E substitutions this study
PS-specific probe, GPD promoter, URA3 marker,
pGPDA16-GFP-Lact-C2 AmpR, CEN6/ARS4, GFP-Lact-C2 (36)
PI(4,5)P2-specific probe, CPY promoter, URA3
PRS426GFP-2xPH(PLCS) marker, Amp®, 2um, GFP-2xPH(PLCJ) (37)
PA-specific probe, TEF2 promoter, URA3 marker,
PRS426-G20 AmpR, 2um, GFP-Spo20°! (24)
EGFPN2 GFP-tagging mammalian expression vector, Clontech,
p immediate early promoter of CMV, Km® USA
pEGFPN2 vector encoding the LRT domain (aa 1-
pEGFPN2-LRT-GFP 130) of BteA effector of BpB1917 fused with this study
GFP on its C-terminus
i Tl pEGFPN2-LRT-GFP harboring the LRT- .
PEGFPN2-LRT-LI-GFP RSOE+H52E+HS3E substitutions this study
i ey pEGFPN2-LRT-GFP harboring the LRT- .
PEGFPN2-LRT-hB-GFP R59E+K62E+R66E substitutions this study
i . pEGFPN2-LRT-GFP harboring the LRT- .
pEGFPN2-LRT-hD-GFP K99E+R100E substitutions this study
pEGFPN2 vector encoding BteA effector of
pEGFPN2-BteA-1-642-GFP BpB1917 without its last 14 aa residues (aa 1-642) | this study
fused with GFP on its C-terminus
pEGFPN2-BteA-1-642-L1- pEGFPN2-BteA-1-642-GFP harboring the LRT- .
this study

GFP

R50E+HS52E+HS3E substitutions
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pEGFPN2 vector encoding BteA effector of

pEGFPN2-BbBteA-1-644-GFP | BbRB50 without its last 14 aa residues (aa 1-644) | this study
fused with GFP on its C-terminus
pEGFPN2-BbBteA-1-644-L1- | pEGFPN2-BbBteA-1-644-GFP harboring the this stud
GFP LRT-R50E+H52E+HS53E substitutions Y
An allelic exchange vector for Bordetella spp.,
contains ptx promoter, I-Scel, oriV, AmpR, StrR,
p5384245 KmR, BleR, TetR and an I-Scel cleavage site for (56,57)
counterselection
pSS4245-BbRB50-4bteA pSS4245 vector containing homology regions hl this study
(712 bp, 4501345-4502056) and h2 (622 bp,
4504028-4504649) flanking in-frame deletion of
codons L2-A657 in the bted gene of BbRB50
pSS4245-BbRB50-bteA-1.1 pSS4245 vector containing homology regions hl this study

(692 bp, 4501509-4502200) and h2 (683 bp,
4502213-4502895) flanking in-frame substitutions
of codons RSOE+HS51E+HS52E in the bted gene of
BbRBS50
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