The Chlamydia trachomatis IncM protein interferes with host cell cytokinesis,
centrosome positioning and Golgi distribution, and contributes to the stability

of the pathogen-containing vacuole
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Table S1. Plasmids used in this study.

Plasmid

Characteristics and construction

Source/Ref.

pVector[Pgp4*]
IpSVP247

Derivative of C. trachomatis-E. coli shuttle vector
(p2TK2-SW2) for production of proteins with a C-
terminal double hemagglutinin (2HA) tag. Contains
the terminator of the incDEFG operon of C.
trachomatis L2/434 (AmpR).

)

pIincM-2HA
/pFA202

Derivative of pSVP247. Enables the production of
IncM-2HA under the control of the incM promoter
(PincM). A DNA fragment comprising PincM-incM
was amplified from C. trachomatis L2/434
chromosomal DNA using primers #1960 and #1567.
The resulting DNA product was digested with Kpnl
and Notl and ligated into those sites of pSVP247
(AmpF).

This work.

pIncM24-2HA
/pML22

Derivative of pSVP247. Enables the production of
INCM1.242-2HA under the control of the incM
promoter (PincM). A DNA fragment comprising
PincM-incMy.726 was amplified from pFA202 using
primers #1960 and #2505. The resulting DNA
product was digested with Kpnl and Notl and ligated
into those sites of pSVP247 (AmpF).

This work.

pINCMago-288
/pML23

Derivative of pSVP247. Enables the production of
INCMasgg-285-2HA (C-terminal of IncM with the first
transmembrane domain deleted) under the control of
the incM promoter (PincM). The DNA fragments
comprising PincM-inCMi.264 and inCMse7.1692 Were
amplified from pFA202 using primers #1960 and
#2506, and #2507 and #1567. The DNA products
were then fused by overlapping PCR using primers
#1960 and #1567. The final DNA product was
digested with Kpnl and Notl and ligated into those
sites of pSVP247 (AmpR).

This work

pPINCMaz4-242
JpML24

Derivative of pSVP247. Enables the production of
INCMaz4-242-2HA  (C-terminal of IncM with the
second transmembrane domain) under the control of
the incM promoter (PincM). The DNA fragments
comprising PincM-incM1.99 and inCM72g.1602 Were
amplified from pFA202 using primers #1960 and
#2508, and #2509 and #1567. The DNA products
were then fused by overlapping PCR using primers
#1960 and #1567. The final DNA product was
digested with Kpnl and Notl and ligated into those
sites of pSVP247 (AmpR).

This work




Table S1. Plasmids used in this study. (Continued).

Plasmid

Characteristics and construction

Source/Ref.

pIncMC/ng-ZHA
JpML25

Derivative of pSVP247. Enables the production of
IncMc/rws-2HA under the control of the incM
promoter (PincM) from L2/434. IncMcrrwa is the
IncM homologue from the C. trachomatis C/TW3
strain. A DNA fragment comprising PincM was
amplified from pFA202 and incMcrws from C.
trachomatis C/TW3 chromosomal DNA using
primers #1960 and #2656, and #2655 and #1567. The
DNA products were then fused by overlapping PCR
using primers #1960 and #1567. The final DNA
product was digested with Kpnl and Notl and ligated
into those sites of pSVP247 (AmpR).

This work.

p I nCM E/Bour‘z HA
IpML26

Derivative of pSVP247. Enables the production of
INCMegour-2HA under the control of the incM
promoter (PincM) from L2/434. IncMggour is the
IncM homologue from C. trachomatis E/Bour strain.
A DNA fragment comprising PincM was amplified
from pFA202 and incMggor from C. trachomatis
E/Bour chromosomal DNA using primers #1960 and
#2656, and #2655 and #1567. The DNA products
were then fused by overlapping PCR using primers
#1960 and #1567. The final DNA product was
digested with Kpnl and Notl and ligated into those
sites of pSVP247 (AmpR).

This work.

p I nCMmur'ZHA
pML27

Derivative of pSVP247. Enables the production of
INCMmur-2HA under the control of the incM promoter
(PincM) from L2/434. InCMmy is the IncM
homologue from C. muridarum Nigg strain. A DNA
fragment comprising PincM was amplified from
pFA202 and incMmy from C. muridarum Nigg
chromosomal DNA using primers #1960 and #2658,
and #2657 and #2511. The DNA products were then
fused by overlapping PCR using primers #1960 and
#2511. The final DNA product was digested with
Kpnl and Notl and ligated into those sites of
pSVP247 (AmpR).

This work.




Table S1. Plasmids used in this study. (Continued).

Plasmid

Characteristics and construction

Source/Ref.

pIncMca-2HA
/pML28

Derivative of pSVP247. Enables the production of
INcMcav-2HA under the control of the incM promoter
(PincM) from L2/434. InCMcy is the IncM
homologue from C. caviae GPIC strain. A DNA
fragment comprising PincM was amplified from
pFA202 and incMcy from C. caviae GPIC
chromosomal DNA using primers #1960 and #2660,
and #2659 and #2513. The DNA products were then
fused by overlapping PCR using primers #1960 and
#2513. The final DNA product was digested with
Kpnl and Notl and ligated into those sites of
pSVP247 (AmpR).

This work.

PET-28b(+)

Bacterial vector for production of N-terminally
6xHis-tagged proteins.

Novagen.

pJB13

Derivative of pET-28b(+). Enables production of
IncM with a 6xHis tag at its N-terminus (6xHis-
IncM). The DNA encoding incM was amplified from
C. trachomatis L2/434 chromosomal DNA using
primers #1872 and #1873. The resulting DNA
product was digested with Ndel and EcoRI and
ligated into those sites of pET-28b(+) (KmR)

This work.

AmpR: ampicillin resistance; KmR: kanamycin resistance.




Table S2. DNA primers used in this study.

to construct pML25 and pML26.

Number Description Sequence (5° — 37)
CT288 _Notl_Rv; reverse primer to construct
1567 pFA202, pFA203, pML23, pML24, pML25, | GATCGCGGCCGCGGTGATTA
pML26, pML29, pML30 and pCS12. Hasa Notl | TCTAACAGGTATTG
restriction site.
1803 TetR-STOP-Fwd-Kpnl; forward primer to | GATCGGTACCTTAAGACCCA
construct pFA203. Has a Kpnl restriction site. CTTTCACATTTAA
. CGGCAGCCATATGGTTTATTT
1872 Forward primer used to construct pJB13. TAGAGCTCATC
. GATCGAATTCTTAGTGATTAT
1873 Reverse primer used to construct pJB13. CTAACAGG
PromCT288 Fw_Kpnl; forward primer to
construct pFA202, pML22, pML23, pML24,
1960 pML25, pML26, pML27, pML28, pML29, gﬁg?%g CAACAATGA
pML30, pML31, and pCS12. Has a Kpnl
restriction site.
2505 CT288-L2 _242Rv_Notl; reverse primer to | GATCGCGGCCGCTTGTATATA
construct pML22. Has a Notl restriction site. GTGTGCGGCTGGC
) . GTTCGAGCAAATACTTAATG
2506 CC&?S?SJ—CIIZ_I\%I__Z_SBRV, reverse overlap primer to CCCCGTGCAGAACAGATAAT
phiL-cs. GGTGGC
] . GCCACCATTATCTGTTCTGCA
2507 CT288-L2_OL_289Fw; forward overlap primer CGGGGCATTAAGTATTTGCTC
to construct pML23.
GAAC
) . CTAAGGATAAAGCGACTTTC
2508 g;lzs?ﬁchtzT\?tz_fe)Rv’ reverse overlap primer to | A ATACTTTAGCAATTTGAGG
piiL-=s. ATGCTTATCG
. . CGATAAGCATCCTCAAATTG
2509 tCot:Z()?wi;rLuzc_tok/l—ngwa’ forward overlap primer | A A AGTATTGAAAGTCGCTT
I TATCCTTAG
2511 CT288-Mur_EndRv_Notl; reverse primer to | GATCGCGGCCGCTTCGATCC
construct pML27. Has a Notl restriction site. AACACATACTGCG
2513 CT288-Cav_EndRv_Notl; reverse primer to | GATCGCGGCCGCGGTAAGGG
construct pML28. Has a Notl restriction site. AATTGCCCTGGAGAG
2655 Pct288-ct288 OL_Fw; forward overlap primer | GTTACGGGGGAATCTCTTTCA

TGGTTTATTTTAGAGCTC




Table S2. DNA primers used in this study. (Continued).

primer to construct pML28.

Number Description Sequence (5° — 37)

2656 Pct288-ct288 OL_Rv; reverse overlap primer | GAGCTCTAAAATAAACCATGA
to construct pML25 and pML26. AAGAGATTCCCCCGTAAC

2657 Pct288-288(Mur)_OL_F; forward overlap | GTTACGGGGGAATCTCTTTCAT
primer to construct pML27. GGTTTATTTTAAAGCTG

2658 Pct288-288(Mur)_OL_R; reverse overlap | CAGCTTTAAAATAAACCATGA
primer to construct pML27. AAGAGATTCCCCCGTAAC

2659 Pct288-288(Cav) OL_F; forward overlap | GTTACGGGGGAATCTCTTTCAT
primer to construct pML28. GTCTGAGCCTAAGCC

2660 Pct288-288(Cav) OL_R; reverse overlap | GGCTTAGGCTCAGACATGAAA

GAGATTCCCCCGTAAC




Table S3. C. trachomatis strains used and constructed in this study.

Strains Description Source/Refs.
L 2/434/Bu ACEO51 Wl!d—typestraln(c_)rlglnallyfrom Tony Maurelli’s lab; F_rom Derek J.

University of Florida). Fisher

Derivative of L2/434/Bu ACEO051 where incM is
incM::aadA inactivated by a group Il intron carrying (2)

spectinomycin resistance gene.
incM::aadA Derivative of incM::aadA carrying a plasmid
(pIncM-2HA) encoding IncM-2HA under the control of the incM  This work.
P promoter (from the L2/434 strain).

Derivative of incM::aadA carrying a plasmid
incM:-aadA encoding the IncM homologue from the C.

(pIn cll\./l 2HA) trachomatis C/TW3 strain (IncM c/rws-2HA) under  This work.
pincMermws the control of the incM promoter (from the L2/434

strain).

Derivative of incM::aadA carrying a plasmid
incM::aadA encoding the IncM homologue from the C. This work
(pIncMegour-2HA) trachomatis E/Bour strain (IncMg/sour-2HA) under the '

control of the incM promoter (from the L2/434 strain).

Derivative of incM::aadA carrying a plasmid
incM::aadA encoding the IncM homologue from C. muridarum This work
(pIncMmyur-2HA) (IncMmu-2HA) under the control of the incM promoter '

(from the L2/434 strain).

Derivative of incM::aadA carrying a plasmid
incM::aadA encoding the IncM homologue from C. caviae This work
(pIncMcay-2HA) (IncMcav-2HA) under the control of the incM '

promoter (from the L2/434 strain).

. -aad Derivative of incM::aadA carrying a plasmid
IncM::aa A2 encoding INcM1.240-2HA under the control of the incM  This work.
(pINCMy.202-2HA) promoter (from the L2/434 strain).
incM:-aadA Derivative of incM::aadA carrying a plasmid
( IncK/I 2HA) encoding InCMase-288 under the control of the incM  This work.
PINCMaso 268 promoter (from the L2/434 strain).
incM:-aadA Derivative of incM::aadA carrying a plasmid
N encoding InCMasa-242 Under the control of the incM  This work.

(p INCM pz4-242-2 HA)

promoter (from the L2/434 strain).
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Figure S1. Assessment and quantification of IncM production by immunoblotting. HeLa cells were
left uninfected (UI) or were infected at a multiplicity of infection of 1.5 with the indicated strains: C.
trachomatis L2/434, incM::aadA, or incM::aadA derived-strains harboring the indicated plasmids encoding
IncM from the C. trachomatis L2/434 strain or orthologues from C/TW3, E/Bour, C. muridarum Nigg, and
C. caviae GPIC, all with a C-terminal 2HA epitope tag. At the indicated times post-infection (p.i.) (A), at
40 h p.i. (B), or at 30 h p.i. (C), whole cell lysates were collected and analyzed by immunoblotting with
antibodies against IncM or HA. Antibodies against C. trachomatis Hsp60 and a-tubulin were also used to
control the loading of bacteria and host cells, respectively. In (A) and in (B) (and in four other similar
replicates), the band corresponding to IncM in each lane of the anti-IncM blots was quantified by
densitometry relative to the corresponding bands of Hsp60 and tubulin using Fiji software (3). In (A) the
calculated IncM/Hsp60/tubulin values are indicated as arbitrary units (A.U,). In (C), the values obtained

from the quantification of blots as (B) were normalized to L2/434 (mean = standard error of the mean from
5 independent experiments).
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Figure S2. Localization of IncM orthologues during infection. HelLa cells were infected at a multiplicity
of infection of 0.3 with C. trachomatis incM::aadA derived-strains harboring the indicated plasmids
encoding IncM from C. trachomatis L2/434 strain or orthologues from C/TW3, E/Bour, C. muridarum
Nigg, and C. caviae GPIC, all with a C-terminal 2HA epitope tag. Cells were fixed with methanol and
immunolabeled with anti-C. trachomatis Major Outer Membrane Protein (MOMP; green) and anti-HA
(red) antibodies. The localization of IncM-2HA was assessed by fluorescence microscopy at the indicated
times post-infection (p.i). Scale bars, 5 um.
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Figure S3. Representation of truncated IncM proteins studied and of IncM regions in a structural
model predicted by Alphafold2. (A) Schematic representation of IncM (564 amino acid residues) and
truncated IncM proteins studied, carrying a C-terminal 2HA tag. The numbers indicate amino acid residues,
and the darker bars indicate predicted hydrophobic regions. (B) IncM structural model calculated by
Alphafold2 (4) with its regions highlighted in colors and linear schematic representation. Transmembrane
domains are represented in cyan, the central region in blue and the C-terminal region in magenta. The inset
on the right depict the confidence of the model obtained with Alphafold2.
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Figure S4. The ability of IncM to induce multinucleation in infected cells appears to require its host
cytosol-exposed larger regions. HelLa cells were left uninfected or were infected at a multiplicity of
infection (MOI) of 0.1 with C. trachomatis strains L2/434, incM::aadA or incM::aadA harboring plasmids
encoding 2HA-tagged IncM proteins depicted in (Fig. S3A) and as indicated. In (A), cells were fixed at the
indicated times post-infection (p.i.) with methanol, immunolabeled with anti-C. trachomatis Major Outer
Membrane Protein (MOMP; green) and anti-HA (red) antibodies and imaged by fluorescence microscopy;
scale bars, 5 um. In (B) at 40 h p.i., cells were fixed with methanol, immunolabeled with anti-MOMP
antibodies, stained for the nuclei with 4’,6-diamidino-2-phenylindole (DAPI), and analyzed by fluorescence
microcopy. Uninfected (Ul) and infected cells with more than one nucleus were enumerated. Values
represent mean + standard error of the mean, n=3, > 70 cells per experiment; P-values were obtained using
one-way ANOVA and Dunnet’s post-hoc test analysis relative to cells infected by the L2/434 strain; ns, not
significant; **, P < 0.01; ***, P < 0.001; **** P < 0.0001.
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Figure S5. Differences in mitotic index in infected cells do not explain the ability of IncM to induce
multinucleation in infected cells. HeLa (A and B) or nTERT-RPEL (C) cells were left uninfected or were
infected at a multiplicity of infection of 0.1 with C. trachomatis strains L2/434, incM::aadA, or incM::aadA
harboring a plasmid encoding IncM with a C-terminal 2HA epitope tag (pIncM-2HA). Cells were fixed at
24 and 40 h post-infection (p.i.), immunolabelled with anti-C. trachomatis Major Outer Membrane Protein
(MOMP) (green) and anti-a-tubulin (microtubules, red) antibodies, stained for the nuclei with 4',6-
diamidino-2-phenylindole (DAPI; blue), and analyzed by fluorescence microscopy. (A and C) The number
of infected cells in mitosis was enumerated. (B) Representative incM::aadA-infected HeLa cells at 40 h p.i.
with abnormal mitotic spindles; scale bars, 5 um. Values in (A) and (C) represent mean + standard error of
the mean, n=3, 250 cells per experiment; P-values were obtained using one-way ANOVA and Dunnet’s
post-hoc test analysis relative to cells infected by the L2/434 strain; ns, not significant; **, P < 0.01.
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Figure S6. IncM does not promote centrosome amplification in infected cells. HeLa (A, B and C) and
hTERT-RPE1 (D and E) cells were left uninfected or were infected at a multiplicity of infection of 0.1 with
C. trachomatis strains L2/434, incM::aadA, or incM::aadA harboring a plasmid encoding IncM with a C-
terminal 2HA epitope tag (pIncM-2HA). Cells were fixed with methanol at the indicated times post-
infection (p.i.), immunolabelled for the centrosome with y-tubulin antibodies (red), stained for the nuclei
and the chlamydiae with 4',6-diamidino-2-phenylindole (DAPI; blue), and analyzed by fluorescence
microscopy. The number of centrosomes per cell (A and D) and per nucleus (B and E) was enumerated.
(C) Representative binucleated (left panel) or mononucleated (right panel) HeLa cells at 40 h p.i. are shown;
arrowheads point to the centrosomes; scale bars, 5 um. Values in (A), (B), (D), and (E) represent mean *
SEM, n=3, > 30 cells per experiment; P-values were obtained using one-way ANOVA and Dunnet’s post-
hoc test analysis relative to cells infected by the L2/434 strain; ns, not significant; *, P < 0.05; **, P < 0.01;
**x P <0.001; **** P < 0.0001.
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Figure S7. IncM contributes to host cell centrosome positioning and to inclusion stability in hTERT
RPEL cells. hnTERT RPEL cells were left uninfected or infected at a multiplicity of infection of 0.1 for 40
h with C. trachomatis strains L2/434, incM::aadA (A and B)or incM::aadA harboring a plasmid encoding
IncM with a C-terminal 2HA epitope tag (pIncM-2HA,; in A). (A) Cells were fixed with methanol and
immunolabelled with anti-C. trachomatis Major Outer Membrane Protein (MOMP) and y-tubulin
(centrosome) antibodies, stained with 4',6-diamidino-2-phenylindole (DAPI) (nuclei), and analyzed by
fluorescence microscopy. The distance of the centrosomes to the closest point in the nucleus was measured
using Fiji (3). Values represent mean =+ standard error of the mean, n=3, > 30 cells per experiment; P-values
were obtained using one-way ANOVA and Dunnet’s post-hoc test analysis relative to cells infected by the
L2/434 strain. (B) Cells were fixed with methanol, labelled with anti-MOMP (green), stained with DAPI
(nuclei; blue), and analyzed by fluorescence microscopy. Illustrative images are shown; scale bars, 5 pm.
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Figure S8. Cytoskeleton cages around the inclusion and control of nocodazole and latrunculin B
activity on microtubules and actin filaments, respectively. HeLa cells were infected at a multiplicity of
infection 0.1 for the indicated times post-infection (p.i.; in A, or for 30 h p.i. (in B) with C. trachomatis
strains L2/434 or incM::aadA. (A) Cells were fixed with methanol (for labelling of microtubules and
intermediate filaments) or paraformaldehyde 4% (w/v) (for labelling of filamentous actin; F-actin), labelled
with anti-C. trachomatis Major Outer Membrane Protein (MOMP) (green) and anti-a-tubulin
(microtubules; red) or anti-vimentin (intermediate filaments, red) antibodies, or fluorophore-conjugated
phalloidin (F-actin; red), and stained with 4',6-diamidino-2-phenylindole (DAPI) (nuclei; blue), and
analyzed by fluorescence microscopy. (B) At 30 h p.i., after being treated with nocodazole (Noco) or
latrunculin B (LatB), as described in Materials and Methods, or with solvent dimethyl sulfoxide (DMSO)
as control, cells were fixed with methanol (labelling of microtubules) or paraformaldehyde 4% (w/v)
(labelling of filamentous actin; F-actin), and labelled with anti-a-tubulin (microtubules) antibodies or
fluorophore-conjugated phalloidin (F-actin). Cells were analyzed by fluorescence microscopy to verify
cytoskeleton depolymerization after drug treatment. * Marks the chlamydial inclusions. Scale bars, 5 pm.
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