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Supplementary Figures
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Supplementary Figure 1. Functional characterization of TraA-FPs used in this study. (A)
Transfer assay testing the function of engineered fraA alleles. Representative images are
shown. Donor strains expressing either SSom-GFP or SSom-mCherry as transfer cargo are
indicated. Except for the positive control, recipients are AtraA strains expressing indicated traA
alleles at the Mx8 attachment site (labeled on the left). Arrows highlight recipients that acquired
fluorescent cargo. (B) Western blot analyzing TraA-FPs with anti-TraA serum. See
Supplementary Table 1 for strain details. Scale bar = 1 ym. Source data are provided as a

Source Data file.
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Supplementary Figure 2. FRAP analyses of TraA-GFP fluidity. (A-C) Additional examples of
TraA-GFP FRAP analyses. Bleached areas are indicated with dashed borders. Relative
fluorescence measures the ratio of fluorescence intensity of the bleached areas to that of the
whole cells before and after photobleaching. Scale bar = 1 ym. Source data are provided as a

Source Data file.
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Supplementary Figure 3. TraA clusters induced by multivalent binding of antibodies. (A)
Schematic of the custom flow cell system. See Methods for details. (B) Representative images
of antibody treatments on TraA-GFP cells (n = 41) and TraA2VP-GFP cells (n = 33). Incubation
with primary antibodies that target the VD in TraA and a secondary antibody induce the formation

of TraA-GFP foci (blue borders). TraA®VP-GFP is a negative control. Scale bar = 1 ym. (C)
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Schematic for how multivalent antibodies induce TraA clusters shown in B.
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Supplementary Figure 4. TraA proteins from opposing cells form clusters simultaneously
upon physical contact. (A) Representative time-lapse series showing TraA-mCherry cells
encountering a TraA-GFP cell. A cartoon illustration is shown on the left. Arrows in the images
indicate foci that form at the contact interface. Scale bar = 1 uym. (B) Fluorescence profiles of
TraA-mCherry and TraA-GFP at the cell-cell contact point, starting from the second frame of the
time series shown in (A) when physical contact was initiated. Source data are provided as a

Source Data file.



Supplementary Figure 5. Self-recognition and adhesion by single filamentous cells. TraA-
mCherry cells were treated with cephalexin. Phase contrast and merged with fluorescent images

shown. Foci highlighted with arrows. Scale bar = 1 ym.
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Supplementary Figure 6. Construction and characterization of TraB-GFP. (A) Domain
architecture of TraB and TraB-GFP. TSP-3, thrombospondin type 3 (Pfam02412); CTD, carboxyl
terminal domain. (B) A stimulation (extracellular complementation) assay demonstrating the
function of TraB-GFP. This assay tests the transfer of OM lipoproteins to recipients and the
rescue of a motility defect by OME'. Expression of traB-gfp in a AtraB donor restored OME, as
indicated by the emergent flares from colony edges (motility rescue). A AtraB donor and a donor
harboring native fraB were used as negative and positive controls. Scale bar = 200 ym. (C)
Immunoblot confirming the construction of TraB-GFP with anti-TraB serum. (D) Plasmolysis
assay reveals the OM localization of TraB-GFP (right). Representative phase contrast and
fluorescent images showing single cells before and after treatments with 0.5 M NaCl solution.
SSom-GFP and SSim-mCherry served as controls (left). Arrows highlight the collapse of the inner

membrane following plasmolysis as indicated by the SSim-mCherry reporter. OM proteins



retained envelope localization after plasmolysis. Scale bar = 0.5 ym. (E) PK accessibility assay
on TraB. Representative images of live cells before (-) and after (+) PK treatment are shown.
SSom-GFP (inaccessible by PK) and TraA-GFP (accessible by PK) served as controls. Fpx,
fluorescence intensity of whole cells after PK treatment; Fo, fluorescence intensity before PK
treatment. Scale bar = 1 ym. See Supplementary Table 1 for strain details. Source data are

provided as a Source Data file.
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Supplementary Figure 7. TraB clusters at the interface between cells bearing compatible
TraA receptors. Mixing of three differently labeled strains expressing different TraA receptors
but the same TraB reporter (illustrated above). TraBPK'622.GFP cells were treated with
cephalexin to induce filamentation and increase the likelihood of single cells adhering with two
other strains. White arrows indicate the interfaces between TraAPK1622 TraBPK1622.GFP and
TraAPK1622 TrgBPK1622 cells (mCherry labeled); black arrows indicate the interfaces between
TraADPK1622 TrgBDPK1622.GFP and TraAM TraBPX'622 cells (unlabeled). See Supplementary Table

1 for strain details. Scale bar =1 pym.
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Supplementary Figure 8. TraA clustering and cargo transfer require the interaction
between two traAB* cells. (A-B) Negative controls for the time-lapse series shown in Fig. 5A.
(A) A TraA-mCherry recipient first encountered a AfraAB donor (outlined bottom panel; no foci
formed, no cargo transfer) and then interacted with another TraA-mCherry cell (foci formed). (B)
Arrows show the interaction between two TraA-mCherry cells (foci formed), the lower of which
then encountered a AtraAB donor (outlined bottom panel; foci dissolved, no transfer). The SSowm-
GFP fluorescence intensities of the donors and TraA-mCherry recipients in (A) and (B) were
quantitatively analyzed in (C) and (D), respectively. Scale bar = 1 ym. Source data are provided

as a Source Data file.
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Supplementary Figure 9. OM cargo is fluid and transfers efficiently. (A) FRAP analysis of
SSom-GFP fluidity in the OM. Relative fluorescence represents the ratio of fluorescence intensity
of the bleached area (dashed borders) to that of the whole cell. SSom-GFP fluorescence intensity
profiles along the analyzed cell before and after photobleaching are shown as kymograph. Blue,
high intensity; yellow, low intensity. The diffusion coefficient of SSom-GFP is 0.010 + 0.002 ym?
s™'. (B) Quantitative analysis of cargo transfer during the time series shown in Fig. 5A. Phase
contrast and fluorescent micrographs from three time points shown (top). Arrows along x-axis in
the graph bracket the time window of transfer shown above. Scale bar = 1 ym. Source data are

provided as a Source Data file.
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Supplementary Figure 10. Cell motility is not required for TraA cluster formation but is
required for cargo transfer. (A) Representative images of nonmotile donors harboring SSowm-
GFP mixed with nonmotile TraA-mCherry recipients. White arrows indicate foci. (B)
Representative images of the same nonmotile donors mixed with motile TraA-mCherry
recipients. White arrows indicate TraA-mCherry foci; black arrows highlight recipients that

acquired SSovw-GFP. See Supplementary Table 1 for strain details. Scale bar = 1 um.
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Supplementary Figure 11. TraA/B recognition results in cell-cell junctions and tissue-like
structures. TraA-GFP cells were co-incubated with TraA-mCherry cells at a high density.
Dashed borders on the left are enlarged in the right column to show colocalization between TraA-

GFP and TraA-mCherry foci (arrows). Scale bar = 2 um.
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Supplementary Figure 12. TraA recognition and OME transform heterogeneous
populations into a homogenous tissue. A complementary figure to Fig. 5C, showing a time
series of single-channel images as well as merged images. Top cartoons illustrate experimental

mixing conditions. Time points after mixing are shown. Scale bar = 1 uym.
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Supplementary Figure 13. FRAP analyses for the OM reporters used in this study.
Fluorescence recovery curves of the photobleached regions for TraA-GFP (A, n = 10 cells),
TraB-GFP (B, n = 11 cells), and SSom-GFP cells (C, n = 6 cells). Black lines represent the mean
signals. (D) Mean signals for TraA-GFP, TraB-GFP, and SSom-GFP are plotted in the same
graph for comparison. The colored bands indicate standard deviations from the means. Halftime
of recovery and mobile fraction for different reporters are extracted from FRAP curves and shown
in (E) and (F), respectively. Corresponding mean and standard deviation are shown. P values

were determined by a two-tailed Mann Whitney test. Source data are provided as a Source Data

file.
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Supplementary Table 1. Plasmids and strains used in this study

Plasmids Relevant features Source
pDP2 fraA (insertion cassette for creating fraA::km) in pCR2.1- !
TOPO, Km'
pDP21 Ppia-traAB in pSWU19 (Mx8 attP), Km' !
pDP22 Ppiia in pSWU19, Km' 2
pDP27 Ppina-traA in pSWU19, Km' 2
pDP35 AtraAB cassette in pBJ114, galK, Km' 3
pXW6 Ppia-SSom-mCherry in pKSAT, Sm’ 4
pXW7 Ppina-traB in pCR-XL-TOPO (AneoR/kanR, Mx9 attP), Zeo" |°
pPC4 Ppia-traAB" in pSWU19 (Mx8 aftP), Km' 3
pPC41 Ppina-traA-gfp-traB in pSWU19, Km' This study
pPC42 Ppia-traA(AVD)-gfp-traB in pSWU19, Km' This study
pPC43 Ppia-SSom-gfp in pKSAT, Sm’ This study
pPC44 Ppia-traA-mCherry-traB in pSWU19, Km’ This study
pPC45 Ppia-traAM-gfp-traB in pSWU19, Km' This study
pPC46 Ppia-traAM-mCherry-traB in pSWU19, Km' This study
pPC47 Ppina-traA-gfp in pSWU19, Km'’ This study
pPC48 Ppina-traA-gfp in pCR-XL-TOPO, Zeo' This study
pPC49 Ppia-traA-traB-gfp in pSWU19, Km' This study
pPC50 Ppia-traB-gfp in pSWU19, Km'’ This study
Strains Relevant features Experimental use Source
TOP10 E. coli cloning strain Invitrogen
DK1622 Wild-type M. xanthus, motile 6
DK8601 DK1622 agIB1 (aglQ1) pilA::tc, Fig. S6B 7
nonmotile, Tc’
DW1048 DK8601 SSiy-mCherry, Km', Tc" | Fig. S6D 4
DW1467 DK8601 AtraA (markerless) 2
DW1483 DK8601 AtraAB (markerless), Tc" | Fig. S6C, and 4D 3
DW2202 DK8601 (pDP27), Km', Tc' Fig. S1B 3
DW1463 DK8601 (pXW6, pDP21), Km', Tc', | Fig. 1A, and S7 !
Sm’
DK10410 DK1622 ApilA (markerless) 7
DW2270 DK10410 AtraAB (markerless) This study
DW1466 DK1622 tgl::tc AcgIC (markerless), | Fig. S6B !

Tc'
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DW2271 DW1483 (pDP21), Km', Tc' Fig. 3E This study
DK8615 DK1622 ApilQ (markerless) 8
DW1478 DK8615 (pXW86), Sm' Fig. 5C, S1A, and S12 |°
DW1484 DK1478 traA::km, Km', Sm' Fig. S1A This study
DW2272 DW1467 (pPC41), Km', Tc' Fig. 1A, 1C, 2B-C, 3B, | This study
3D, 4A, 5B, S3B, S6E,
and S11
DW2273 DW1483 (pPC42), Km', Tc’ Fig. 1A, 1C, and S3B | This study
DW2274 DW2270 (pPC42), Km" Fig. S1A This study
DW2275 DW1483 (pPC43), Tc", Sm’ Fig. S8 This study
DW2276 DW1483 (pDP21, pPC43), Km', Fig. 1C, 5A, 5C, S1A, | This study
Tc', Sm' S6C, S6D, S6E, 4D,
S9, S10, and S12
DW2277 DW2270 (pPC44), Km' Fig. 2A, 3A, 3C, 5A, This study
S1A, S4, S8, and
S10B
DW2278 DW2270 (pPC41), Km' Fig. 3A, S1A, and S4 | This study
DW2279 DW1483 (pPC44), Km', Tc' Fig. 3B-D, S5, S10A, | This study
5B, and S11
DW2280 DW1483 (pPC45), Km', Tc’ Fig. 3D This study
DW2281 DW1483 (pPC46), Km', Tc' Fig. 3D This study
DW2282 DW2270 (pPC46), Km" Fig. S1A This study
DW2283 DW2281 (pPC48), Km', Tc', Zeo" | Fig. 3E This study
DW2284 DW1483 (pPC47), Km', Tc' Fig. 4A This study
DW2285 DW1483 (pPC49), Km', Tc' Fig. 4A, 4E, S6B, and | This study
S6D-E
DW2286 DW1483 (pPC50), Km', Tc' Fig. 4A, 4C, S7, 4E, This study
and S6C
DW2287 DW1483 (pPC4, pPC43), Km', Fig. 5C, and S12 This study
Tc', Sm’
DW2242 DW1467 traAM-traB, Km', Tc’ Fig. 3E, and S7 3

Note: traAB alleles listed here are from M. xanthus DK1622 unless specified.
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Supplementary Table 2. Primers used in this study

Primer name

Sequence (5’—3’)*

PSWU19-ECoRI-Ppia-
F

AGGAAACAGCTATGACCATGATTACGAATTCCGTCATGTT
GGACGAGGT

TraA C2-GFP-R

GCCGCCGCCGCTGAATGTTTCGGTGTCACAGGC

TraA C2-GFP-F

CACCGAAACATTCAGCGGCGGCGGCGGCAGTAAAGGT
GAAG

GFP-TraA C3-R

ACTCGACACATGTGCCGCCGCCGCCGCTTTTGTAGAGT
TCATCCATGCCGT

GFP-TraA C3-F

GGCGGCGGCGGCACATGTGTCGAGTGCAAGAACG

pSWU19-Xbal-HindllI-
TraA-R

TGCATGCCTGCAGGTCGACTCTAGAAAGCTTGAAGAGCT
GCACGTTGAAG

pSWU19-Xbal-HindllI-
TraB-R

TGCATGCCTGCAGGTCGACTCTAGAAAGCTTGGAGTTCT
TCACCTCGGACTC

TraA C2-mCherry-F

CACCGAAACATTCAGCGGCGGCGGCGGCGCCTCCTCC
GAGGACGTC

mCherry-TraA C3-R

ACTCGACACATGTGCCGCCGCCGCCGCTCTTGTACAGC
TCGTCCATGCC

TraA SSowm-R

GACGATGGGGTCAGTCCCACGGATGCGGAC

TraA VD-F

CATCCGTGGGACTGACCCCATCGTCAAGCTCAAC

PKSAT-HindllI-Ppia-F

ATGAGGATCGTTTCATATGAAGCTTCGTCATGTTGGACG
AGGTC

SSom-GFP-R

TTCACCTTTACTTCTAGAAGGAAACGAGCAACC

SSom-GFP-F

GTTTCCTTCTAGAAGTAAAGGTGAAGAACTGTTCACCG

pKSAT-EcoRI-GFP-R

TGGATCCCCCGGGCTGCAGGAATTCTTATTTGTAGAGTT
CATCCATGCC

TraA C2-GFP-R

GCCGCCGCCGCTGTTCGTCTCGAGGTCGCA

TraAY C2-GFP-F

CCTCGAGACGAACAGCGGCGGCGGCGGCAGTAAAGGT
GAAG

GFP-TraA C3-R

ACTCGACGCAGGTGCCGCCGCCGCCGCTTTTGTAGAGT
TCATCCATGCCGT

GFP-TraAM C3-F

GGCGGCGGCGGCACCTGCGTCGAGTGCAAC

TraAMf C2-mCherry-F

CCTCGAGACGAACAGCGGCGGLGGLGGLGLLTCCTCC
GAGGACGTC

mCherry-TraAM C3-R

ACTCGACGCAGGTGCCGCCGCCGCCGCTCTTGTACAGC
TCGTCCATGCC

19




TraB-R GCCGCCGCCGCTCGGCTTCGGAGCCGCGGGGGCCTTC
GACTTCGCCTTG

TraB-GFP-F GGCTCCGAAGCCGAGCGGCGGCGGCGGCAGTAAAGGT
GAAG

Xbal-TraB-F GACGACTCTAGAGGATCGACGCCTATATAGACGGGAGA
TATAATGAAGCCCTCGCACCTG

*Restriction sites are underlined; flexible linkers used for fusing TraA or TraB with FPs are in
bold.
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