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ABSTRACT

Chlamydia trachomatis (C.t) infections can lead to severe complications due to the pathogen’s
ability to evade the host immune response, often resulting in asymptomatic infections. The mechanisms
underlying this immune subversion remain incompletely understood but likely involve specific bacterial
effector proteins. Here, we identify CT181 as anovel effector that directly binds to Mcl-1, a key regulator
of neutrophil survival. While a C.t. CT181 mutant exhibited only modest defects in epithelial cell
replication and inclusion development, it was essential for C.t. surviva in neutrophils, correlating with
Mcl-1 stabilization. Using a murine infection model, we demonstrate that CT181 is required for C.t.
colonization and cytokine production in vivo. Our findings establish CT181 as the first bacterial effector
protein known to bind Mcl-1 to enhance neutrophil survival, revealing a critical strategy by which C.t.
promotes immune dysregulation, facilitating bacterial persistence while driving C.t. pathogenesis.

INTRODUCTION

The obligate intracellular pathogen Chlamydia trachomatis(C.t.) is the causative agent of
trachoma (1) and the sexually transmitted infection chlamydia (2). While many cases are asymptomatic,
untreated infections can result in serious complications, including pelvic inflammatory disease, ectopic
pregnancy, sterility, and the development of cervical or ovarian cancer (2-5). There is no vaccine and
over 127 million new cases are reported annually worldwide (6). Moreover, antibiotic failure occurs in
10% of cases (7, 8).

All Chlamydiae share a unique biphasic developmental cycle in which they differentiate between
infectious elementary bodies (EB) and replicative reticulate bodies (RB) (9). Upon contact with a target
host cell, EBs are internalized into a membrane-bound inclusion (9), which avoids lysosomal fusion and
traffics along microtubules to the peri-Golgi region (10, 11). EBs differentiate into RBs, undergoing
multiple rounds of replication prior to converting back to EBs for release by host cell lysis or extrusion
(12). At all stages of the developmental cycle, C.t. utilizes its type |11 secretion (T3S) system to secrete
effector proteins to engage host organelles and perturb vital signaling pathways to acquire key nutrients
for replication, to promote host cell viability, and to subvert host defense mechanisms.
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As an obligate intracellular pathogen, C.t. is dependent on the host cell to provide a replicative
niche conducive to completing its replication cycle. To achieve this, C.t. has evolved methods to inhibit
the induction of apoptosis and to promote host cell viability. C.t. employs multiple strategies to subvert
host cell death, including inhibiting activation of Bax and Bak, preventing mitochondrial outer membrane
permeabilization and cytochrome c release, and inhibiting caspase-3 cleavage (13, 14). Additionally, pro-
survival signaling pathways, including Raf/MEK/ERK and PI3K/AKT, are activated during C.t. infection,
which in turns induces the up-regulation and stabilization of induced myeloid leukemia cell
differentiation protein (Mcl-1) (15). The importance of this process is underscored by studies indicating
that the depletion of Mcl-1 sensitizes the C.t.-infected cell to death (15). Prior work revealed that Cdul
localizes to the inclusion membrane and stabilizes Mcl-1 through deubiquitination (16). However,
infection with a Cdul mutant only resulted in a marginal decline in Mcl-1 protein levels (16), suggesting
that Mcl-1 levels are regulated via multiple mechanisms and might involve additional C.t. effector
proteins.

While the identification of inclusion membrane proteins (Incs), has readily been achieved by
screening proteins for the presence of a bi-lobed hydrophobic domain, the identification of other type IlI
secreted proteins has proven more chalenging. Although some have been identified based on the
presence of a eukaryotic like domain, signal sequence, and analysisin a surrogate host (17-20) it islikely
that other undiscovered secretion substrates remain to be identified. C.t. effectors TmeA, TarP, TmeB,
and TepP are uniquely produced by the EB and have been shown to be secreted early in infection to
facilitate host cell invasion and initiate early infection events (21-24). Thus, we hypothesized that other
hypothetical proteins, uniquely present in EBs, may represent novel secreted effector proteins (25). Here
we assessed whether any of these hypothetical proteins uniquely produced in EBs (25) are secreted during
C.t. infection, successfully identifying three novel secretion substrates. Using yeast-two-hybrids and
affinity purification mass spectrometry, we determined that the secreted effector protein CT181 binds to
the induced myeloid leukemia cell differentiation protein (Mcl-1). Importantly, we show that the CT181
mutant was severely impacted in its ability to grow in neutrophils and in its ability to survive in the mouse
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77  genital track. By binding to Mcl-1, CT181 serves to promote chlamydia disease by impacting host cell

78  survival pathways, highlighting its crucia role in both immune evasion and pathogen persistence during

79  infection.
80 MATERIALSAND METHODS
81 Bacterial and cell culture. Chlamydia trachomatis serovar L2 (LGV 434/Bu) was propagated in

82  Hela 229 cells (American Type Culture Collection) and EBs were purified using a gastrografin density
83  gradient as previously described (26). HelLa cells were grown at 37°C with 5% CO, in RPMI 1640
84  medium (ThermoFisher Scientific) supplemented with 10% Fetal Bovine Serum (Gibco). A2EN cells
85 (Kerafast) were propagated in keratinocyte-serum free media (K-SFM) (ThermoFisher Scientific)
86  supplemented with 0.16 ng/ml epidermal growth factor (EGF), 25 ug/ml bovine pituitary extract (BPE),
87 0.4 mM CaCl,, and gentamicin (27).

88 Human and mouse PM N isolation. Mouse neutrophils were isolated from the bone marrow of
89 naive C57BL/6N mice by density gradient centrifugation. Bone marrow cells were overlaid on to
90 Histopague 1119 and Histopaque 1077 and centrifuged for 30 min at 872 RCF at room temperature
91  without brake. Neutrophils were collected at the interface of Histopagque 1119 and Histopaque 1077,
92  washed with RMPI 1640, and used immediately. Human neutrophils were freshly isolated from the blood
93  of hedthy volunteers using the Ficoll separation method (44). Briefly, blood was layered on top of Ficoll
94  and centrifuged at 1500 RCF for 30 min. All cell layers above the PMN layer were removed and
95  Polyvinyl alcohol (PVA) solution was added to the remaining layers. After incubation for 45 min the light
96 red layer was transferred to a fresh tube and centrifuged at 1000 RCF for 5 min. The remaining red blood
97  cells were lysed with sterile H,O and the osmolarity was then restored by adding sterile 5X PBS. These
98  neutrophils were collected by centrifugation and then resuspended in RPMI medium. The neutrophil
99  number was determined using a Neubauer chamber and trypan blue staining.

100 Plasmid construction. To assess secretion of candidate effectors, each candidate secretion
101  substrate was PCR amplified from L2/434/Bu genomic DNA and cloned into the Notl/Kpnl site of
102  pBomb4 CyaA, pBomb4 BlaM, and pBomb4 GSK FLAG (28). For affinity-purification mass
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103 spectrometry, CT181 was cloned into the Notl/Kpnl site of pBomb4-tet-mCherry (29) and a FLAG tag
104  was added to the C-terminus via PCR. TargeTron insertion sites were predicted by TargeTronics and gene
105  blocks were obtained from Integrated DNA Technologies. Gene blocks were cloned into the
106  Hindlll/BsrGl site of pACT to generate CT181::bla (30). For ectopic expression, CT181 was cloned into
107  the Kpnl/Xhol of pcDNA-GFP. The integrity of all constructs was verified by DNA sequencing at
108  McLab. All primersare listed in Table S1.

109 Transformation of Chlamydia. C.t. serovar L2 (LGV 434/Bu) EBs were transformed as
110  previously described (28). Infectious progenies were harvested every 48 h and used to infect a new HelLa
111 cell monolayer until viable inclusions were evident (~2-3 passages). Expression of individual fusion
112 proteins was confirmed by western blotting. For the TargeTron mutant, successful insertion into the target
113 gene, CT181, was confirmed by PCR.

114 Adenylate Cyclase (CyaA) secretion assay. Confluent HeL a cell monolayers were infected at an
115  MOI of 5 with C.t. transformant strains harboring the pBomb4 CyaA expression plasmids. Expression of
116  the CyaA fusion protein was induced using 10 ng/ml anhydrous tetracycline (aTc) at the time of infection,
117  and 24 h post-infection, the relative abundance of cAMP in host cells was measured via competitive
118  ELISA as previously described (28). The levels of CAMP in cells infected with C.t. pBomb4 CyaA
119  (negative control vector) was compared to those infected with C.t. CyaA-effector fusions strains to
120  evauate effector secretion.

121 Beta-lactamase assay. To assay for effector secretion, HeLa cells, seeded into black, clear
122 bottom 96-well plates (Greiner) were infected at an MOI of 5 and effector expression was induced at time
123 of infection using 10 ng/ml aTc as previously described (28). At 24 h post-infection, cells were loaded
124  with CCF4-AM using the alternative loading protocol following the manufacturer’s instructions
125  (ThermoFisher Scientific). Plates were incubated in the dark for 1 h at room temperature and then were
126  read on a plate reader (Tecan). To quantify effector translocation, the background was subtracted, the
127  ratio of 460 nm to 535 nm (blue:green) was determined, and expression, relative to cells infected with C.t.
128  expressing BlaM only, was calculated as previously described (31).
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129 GSK-FLAG immunoprecipitation. To evauate effector secretion using the GSK assay, HeLa
130  cellswereinfected at an MOI of 5 and effector-GSK FLAG fusion protein expression was induced using
131 10 ng/ml aTc as previously described (28). Cells were harvested 24h post-infection by lysing in 800 pl
132 eukaryotic lysis solution (ELS) (50mM  TrissHCI, 150 mM sodium chloride, 1 mM
133 ethylenediaminetetraacetic acid, and 1% Triton-X 100) containing Halt cocktail protease and phosphatase
134  inhibitor (ThermoFisher Scientific) along with 10 uM GSK-3 « and f inhibitor 1-(7-Methoxyquinolin-4-
135  yD)-3-[6-(trifluoromethyl)pyridin-2-ylJurea (Tocris). Supernatants were applied to anti-FLAG magnetic
136  beads (ThermoFisher Scientific) for 1 h at 4°C and unbounded proteins were removed by washing the
137  beads 5 times in ELS without Triton-X 100. Purified protein was eluted using 4X LDS sample buffer
138  (ThermoFisher Scientific) and samples were analyzed by western blotting.

139 Western blotting. To evaluate expression, confluent HeLa cell monolayers were infected at an
140  MOI of 5 and after 24 h the sampleswere lysed in ELS with Halt cocktail protease inhibitor. Lysates were
141 resolved using 3-8% Tris-Acetate protein gels with Tris-Acetate SDS running buffer for CyaA and BlaM
142  fusion proteins. GSK FLAG IPs were resolved using 4-12% Bis-Tris protein gels with MOPS SDS
143 running buffer. Proteins were transferred to a PV DF membrane and probed using anti-CyaA (Santa Cruz
144  Cat# sc-13582), anti-BlaM (QED BioScience Cat# 15720), GSK-3p-Tag (Cell Signaling Cat# 9325S), or
145  Phospho-GSK-3-beta (Cell Signaling Cat# 9336S) antibodies. For IPs, blots were probed with anti-FLAG
146  (Thermo Cat# 701629) and anti-HA (Sigma Cat# H6908-100ul) antibodies.

147 To evauate the expression of proteins in neutrophils, human or mouse neutrophils were infected
148  a an MOI of 5 and after 48 h the samples were lysed either in 8M Urea or 3M trichloroacetic acid to
149  precipitate the protein. The lysate was mixed with 2X Laemmli buffer and resolved using 10% acrylamide
150  gel with Tris-Chloride SDS running buffer. Proteins were transferred to a PVDF membrane in Transblot
151  and probed with anti-Mcl-1 (Cell Signaling Cat# 5453T), C.t. OmpA (Thermo Cat# PA5-117609) or anti-
152 B-actin (Thermo Cat# A00702-100) antibodies.

153 Immunofluorescence. To determine the subcellular localization of CT181 and co-localization
154  with Mcl-1, HelLa cells were transfected using Lipofectamine LTX (ThermoFisher Scientific). Eighteen
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155  hours post-transfection, cells were fixed with 4% formaldehyde, permeabilized with 0.1% Triton-X 100,
156  and the nucleus was stained using DAPI and mitochondria were stained using CoxIV (Novus MABG6980).
157  Images were captured using a Leica DFC7000T confocal microscope equipped with Leica software.

158 Growth Curve Assay. A2EN or HelLa cells were infected on ice at a MOI of 5 for A2EN or 2.5
159 for HeLa with each strain. After 30 min on ice, the inoculum was removed, and cultures were shifted to
160  37°C to stimulate bacterial uptake. At 0, 24, and 48h post-infection, cells were lysed in water and the
161  supernatants were added to fresh Hel.a cell monolayers as previously described (32). Titer plates were
162  fixed 24h post-infection and stained with an anti-C.t. LPS antibody (Novus Cat#NBP1-28820) for
163  enumeration of inclusions by immunofluorescence microscopy. In parallel, a set of samples was fixed at
164 24 h and stained with anti-C.t. LPS and anti-IncE (inclusion membrane marker). Inclusion area was
165  measured using Imagel.

166 Freshly isolated human or mouse PMNs were infected at an MOI of 5. At 48, 72 and 96 h post-
167  infection, cells were sonicated at 4°C for 15 min and the supernatants were added to fresh overnight
168  grown Helacells (in case of human PMNSs) and McCoy cells (in case of mouse PMNS) in 24 well plates.
169  Cells were fixed 36 h post-infection and stained with an anti-C.t. HSP60 antibody (Santa Cruz Cat#SC-
170  57840) and DAPI for enumeration of inclusions by immunofluorescence microscopy. Infection was
171 calculated from the number of cells and inclusions present in randomly captured microscopic images.

172 Invasion assay. To determine if CT181 is important for host cell invasion, A2EN cells were
173 seeded on glass coverdlips and an invasion assay was conducted as previously described (22). Briefly,
174  cells were infected on ice at a MOI of 5 for 30 min after which the inoculum was removed and plates
175  were placed at 37°C with 5% CO, for 60 min to alow for bacterial uptake. Cells were fixed with 4%
176  formaldehyde and differential immunostaining was conducted as previously described (33). The number
177  of interna bacteria (single stained) and number of host cells (DAPI stained) was enumerated from at least
178 30 images per experiment.

179 Y east-two hybrid. ULTImate yeast two-hybrid analysis was completed by Hybrigenics Services
180  (Paris, France). The coding sequence for CT181 C.t. L2/434/Bu (aal-236) was PCR amplified and cloned
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181  into the pB27 construct as a C-terminal fusion with LexA (N-CT181-LexA). The resulting construct was
182  introduced into yeast as bait and screened by mating with yeast bearing a randomly primed Hel a cell
183  cDNA library (prey). Due to autoactivation, the screen was conducted on selective media with 100 mM-
184  AT. Positively selected clones were isolated and identified using the NCBI GenBank. The predicted
185  biological score (PBS) was calculated to assess the reliability of each interaction. Scores ranged from high
186  probability of specificity (A score) to low probability of specificity (E score) between the bait and prey.

187 Affinity purification mass-spectrometry. A confluent monolayer of Hel a cells was infected at
188  an MOI of 2 with C.t. expressing FLAG-tagged CT181. After 24 h, cellswerelysed in ELS, placed onice
189  for 20 min, and subsequently spun at 12,000 x g for 20 min. Supernatants were incubated with preclearing
190  beads (mouse IgG agarose, Millipore Sigma) for 2 h and then were applied to FLAG magnetic beads
191  (anti-FLAG M2 Affinity Gel, Millipore Sigma) overnight at 4°C. Beads were washed 6 times with ELS
192 without Triton-X 100 in MS grade water and prepared for mass spectrometry as previously described (34,
193 35). Raw LC-MS/MS data were searched against a database containing UniProt_ Human and

194  Chlamydia trachomatis D/UW-3/CX using Mascot 2.8.

195 Immunopr ecipitation. Hela cells were co-transfected with pcDNA3.1-GFP plasmids containing
196  empty vector, CT181, or TmeA and pcDNA3.1-Mcl-1HA using Lipofectamine LTX (Thermo Fisher
197  Scientific). Four h post transfection, the media was changed. For infection IPs, HelLa cells were infected
198 a an MOI of 2 and the effector -FLAG fusion was induced using 10 ng/ml aTc as previously
199  described(28). At 24 hpi, cells were washed with ice-cold 1X PBS, and lysed in 800 pl ELS containing
200  Halt cocktail protease and phosphatase inhibitor(28). Supernatants were applied to anti-FLAG (infection)
201 or anti-HA (transfection) magnetic beads (Pierce™ Thermo Fisher Scientific) for 1.5h at 4°C. The beads
202  were subsequently washed 5X in ELS without Triton-X 100 and the purified protein was eluted using 4X
203  NuPAGE LDS Sample Buffer (ThermoFisher Scientific). Samples were analyzed by western blotting.

204 Cell death assay. To determine neutrophil viability during C.t. infection, freshly isolated 10°

205  human or mouse neutrophils were infected with either wild-type C.t. or CT181::bla a an MOI 5in 6 well
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206  platesin RPMI 1640 medium. After different time points, Annexin V-APC and 7-AAD (BD Pharmingen
207  Cat#550475) were added to the cells in binding buffer and incubated for 15 min at 37°C. Cells were
208  washed and analyzed using an Attune NXT flow cytometer. Cells negative for both Annexin V and 7-

209  AAD were considered as viable cells and plotted as percent of double negative cells.

210 In vivo mouse infection. C57BL/6N mice were injected with 2.5 mg depot medroxyprogesterone
211  acetate (DMPA) 5 d prior to infection. On the day of the infection, mice housed in specific pathogen-free
212 conditions, were trans-cervically infected with 10" inclusion forming units of wild-type C.t. or
213 CT181::bla. On day 7, mice were sacrificed, and the female genital tract was collected in PBS. The tissue
214  was weighed and digested with collagenase/DNAse to release the cells. Cells were lysed using sonication
215  for 10 min to release the bacteria. The lysate was centrifuged at 2,000 x g for 10 min and the supernatant
216  was serially diluted and applied to confluent monolayers of McCoy cells. Inclusions formed after 30 h

217  incubation were counted and plotted.

218 Bacterial load determination. Quantitative PCR was performed on homogenized tissue using
219  the QlAamp DNA Mini Kit (Qiagen, CA USA) as described elsewhere (36). Briefly, C.t. and mouse
220 DNA was isolated from the tissue. DNA was subjected to quantitative, real-time PCR in triplicate on a
221  StepOne Plus therma cycler (Applied Biosystems) using the primers listed in Table S1. In paralld,
222  standard curves were generated from known amounts of C.t. DNA and mouse DNA and used to
223 determine the amount of DNA present in the sample. Bacteria 1oad was determined by calculating (pg) of

224 C.t. DNA per unit weight of (ug) of mouse DNA in the samples.

225 Flowcytometry analysis. Mice, infected for 7 days, were sacrificed and the female genita tract
226 was collected in PBS with gentamycin. The tissue was digested with collagenase/DNAse to release the
227  cdls and then passed through 70-micron filter to remove undigested tissue. The cell suspension was
228  washed with FACS buffer and stained with CD16/32 (BioLegend Cat#101302) at 1:100 dilution for 30

229  min on ice. Cells were washed and incubated with CD45-PE594 (BioLegend Cat#103145), CD11b-
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230 PEcy7 (ThermoFisher Cat#25-0112-82), F4/80-AF700 (ThermoFisher Cat#56-4801-82) and Ly6G-FITC

231  (BioLegend Cat#127605). CD45" CD11b" Ly6G'F4/80" cells were considered as neutrophils.

232 ELISA. Cdlls from the lumen of the female genital tract were collected by flushing with 1 ml of
233 PBS and subsequent centrifugation to pellet down the cells. The secreted cytokines in the supernatant
234 were detected by ELISA. Briefly, IL-10 and IL-6 antibodies were coated on to ELISA plates in coating
235  buffer and incubated overnight at 4°C. The plates were washed three times with PBS/0.05% tween
236  (PBST) and incubated with blocking buffer for 1 h at room temperature. The collected lavage was diluted
237  inthe blocking buffer, added to the plates and incubated overnight at 4°C. The plates were washed three
238  times with PBST and incubated for 1 h a room temperature with biotin labelled IL-10 and IL-6
239  antibodies, respectively according to manufactures protocol. After washing three times with PBST,
240  streptavidin-HRP was added and incubated for 30 min at room temperature. Plates were washed, and the
241  HRP substrate 3,3',5,5'-Tetramethylbenzidine (TMB) was added. The reaction was stopped by adding
242 stop solution (IN H,SO,) and the amount of converted TMB was measured at 450 nm. The values

243 obtained were compared to standards to cal cul ate the concentration of cytokines present in the lavages.

244 RESULTS

245 Identification of secreted effector proteins. Delivery of effector proteins into a host cell during
246 Cut. invasion and modulation of early infection events does not require de novo protein synthesis,
247  suggesting C.t. pre-packages effector proteins at the end of its developmental cycle to initiate new rounds
248  of infection. Indeed TmeA, TmeB, TarP, and TepP are prepacked into EBs at the end of the
249  developmenta cycle and have since been confirmed to be secreted proteins required for invasion or
250  promoting the early steps of infection (23, 24, 37, 38). Proteomic profiling of C.t. developmental forms
251  identified additional hypothetical proteins that are uniquely present in EBs (Table 1) (25), potentially
252  representing novel effector proteins. To determine whether any of these proteins are delivered into the

253  host cell during C.t. infection we conducted CyaA, BlaM, and GSK secretion assays. Expression of the

10


https://doi.org/10.1101/2025.03.16.643443
http://creativecommons.org/licenses/by-nc/4.0/

bioRxiv preprint doi: https://doi.org/10.1101/2025.03.16.643443; this version posted March 16, 2025. The copyright holder for this preprint
(which was not certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity. It is made
available under aCC-BY-NC 4.0 International license.

254  fusion protein was confirmed by western blotting (Fig. S1, S2). CT053 was used as a positive control,
255  which we have previously demonstrated is secreted (35).

256 CAMP assays revealed an increase in CAMP for CT181-CyaA relative to CyaA alone, indicating
257 it is released into the host cell during chlamydial infection (Fig. 1A, Table 1). In line with our CyaA
258  assay, our BlaM assay results indicated that CT181-BlaM is secreted (Fig. 1B, Table 1), confirming it
259  represents a bona fide secretion substrate. Furthermore, results from our BlaM assay suggests that CT865
260 may aso be secreted. We (28) and others (29, 39) have used the small 13-residue GSK-tag to identify
261  secreted Chlamydia proteins. Here we employed this third assay for CT865 as it had conflicting results
262  between the CyaA and BlaM assays. We also used this assay for those that were unable to be assayed or
263  were found to be not secreted using the CyaA and BlaM assays (Table 1). Uniquely, this assay identified
264  CT814 asapotential secretion substrate (Fig. 1C).

265 Collectively, our secretion assays identified CT181 as a hew secreted effector that was secreted in
266  two assays. Additionaly, we identified two candidates, CT814 and CT865, that were secreted in one
267  assay, and thus might be secreted. Taken together our results highlight the importance of using multiple
268  assaysto identify secretion substrates.

269 CT181 is important for intracellular replication and inclusion development in cervical
270  epithelial cells. To determine whether the newly identified secretion substrate CT181 is important for
271  chlamydial infection, we used the TargeTron (30, 40, 41) system, successfully generating a CT181 mutant
272  (CT181:bla). We then evaluated the ability of the CT181::bla mutant to invade, replicate, and form a
273 spacious inclusion relative to wild-type C.t., a CT144 mutant (CT144::bla) as an effector control, and a
274 TmeA mutant (tmeA-I1x) which was used as a positive control for an invasion defect (21, 22, 42).
275  Evauation of CT181 growth revealed it isimportant for intracellular replication in A2EN and HeLacells
276  (Fig. 2A). The growth defect was not simply due to a defect in bacterial invasion, as no significant
277  difference in bacterial uptake was noted for CT181::bla compared to wild-type (Fig. 2B). In line with the

278  observed reduction in bacteria replication, smaller inclusions were formed by CT181 mutant relative to
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279  wild-type (Fig. 2C, D). Taken together these data indicate that CT181 is important for bacterial
280  replication and inclusion development but is dispensable for host cell invasion.

281 CT181 bindsto the induced myeloid leukemia cell differentiation protein (Mcl-1). To dissect
282  the molecular function of CT181, we sought to identify the host target(s). HeLa cells were infected for
283  24h with C.t. L2 expressing FLAG-tagged CT181 under the control of atetracycline inducible promoter.
284  Affinity purification was performed using FLAG beads and mass spectrometry data were compared to
285  cdls infected with C.t. harboring the pBomb4-tet vector. A total of 55 proteins were present in all three
286  replicates of CT181, of which 33 were unique to the CT181 AP-MS and were not found in the vector IP
287 (TableS2).

288 Simultaneous to our AP-MS, we employed a yeast two-hybrid (Y 2H) screen to identify potential
289  interacting partners. Several candidates were identified (Table 2), of which the induced myeloid leukemia
290  cdl differentiation protein 1 (Mcl-1) represented the largest population of clones and had the highest
291  score. Cross-comparison of hits between the Y2H and AP-MS revealed Mcl-1 as the only hit common to
292  both screens. Interactions between Mcl-1 and CT181 were further supported by a pha-fold modeling (Fig.
293 S3).

294 To validate this interaction, HelLa cells were co-transfected with GFP-tagged CT181 and HA-
295 tagged Mcl-1. GFP-tagged CT181, or the negative controls GFP-TmeA or GFP alone, were
296  immunoprecipitated from cells and western blots were probed for HA-tagged Mcl-1. GFP-CT181, and not
297  the negative controls, immunoprecipitated HA-Mcl-1 (Fig. 3A) confirming the interaction between these
298  two proteins. To confirm this interaction occurs during infection, Hel a cells were infected at an MOI of 2
299  with Ct. expressing FLAG-tagged CT181, CteG, or TmeA. As shown in Fig. 3A, CT181-FLAG
300  specificaly bound to endogenous Mcl-1, confirming their interaction during C.t. infection.

301 CT181 co-localizeswith M cl-1. To orthogonally confirm that CT181 interacts with Mcl-1 and to
302 gaininsight into its potential function, we ectopically expressed GFP-CT181 with or without HA-tagged
303  Mcl-1 and evaluated subcellular localization by immunofluorescence microscopy. When expressed aone,
304 GFP-CT181 was localized throughout the cell (Fig. 3B), however co-expression with Mcl-1 resulted in
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305 the formation of large aggregate-like structures (Fig. 3C). Aggregate formation when co-expressed with
306  Mcl-1 was specific to CT181 and was not noted when Mcl-1 was co-expressed with vector or CteG, aC.t.
307  effector that binds to CETN2 (34). We also noted that co-expression of Mcl-1 with CT181 increased the
308 Mcl-1signa (see Fig. 3C, D CT181-Mcl-1 vs. CteG-Mcl-1 or Vec-Mcl-1), suggesting it might stabilize
309 Mcl-1. Mcl-1 is a critical regulator of numerous host cell processes, including apoptosis, mitophagy,
310  mitochondrial bioenergetics, cell cycle, and DNA repair (43). To gain insight into the role Mcl-1 might
311  play during chlamydial infection, we co-expressed CT181 with Mcl-1 and assessed co-localization with
312  the mitochondrial marker CoxIV. While CT181 did not co-localize with CoxIV when expressed
313  independently of Mcl-1, co-expression with Mcl-1 resulted in prominent co-localization with CoxV|I (Fig.
314  3D). Again, we noted significantly increased signal intensity when Mcl-1 was co-expressed with CT181
315  but not vector (Fig. 3D). Collectively, these results indicate that CT181 binds to Mcl-1 and may act to
316  stabilize Mcl-1.

317 CT181 is involved in PMN lifespan extension. Previous work has shown that Chlamydia
318 infection can interfere with host cell death induced by extrinsic or intrinsic stress stimuli (13-15, 44). To
319  investigate the role of CT181 in regulation of infection-induced cell death, we first tested whether CT181
320  could protect cells from apoptotic stimuli or whether CT181 was necessary for C.t. resistance to apoptotic
321 stimuli. Surprisingly, ectopic expression of CT181 was unable to protect cells from apoptotic stimuli and
322 nodifferencein sensitivity for CT181::bla mutant relative to wild-type C.t. was noted following apoptotic
323  stimulation with staurosporine (data not shown). Unlike epithelial cells, polymorphonuclear neutrophils
324  (PMNSs) have a short lifespan of only 12 to 24 hours in the bloodstream without stimulation and are
325  inherently programmed to undergo spontaneous apoptosis (45). Notably, Mcl-1 plays a central role in
326  PMN survival (45). We have previously shown that C.t. can survive in PMNSs for extended periods, even
327  beyond 24 h (46), suggesting that infection may prolong PMN lifespan. We therefore investigated
328  whether CT181 extends the lifespan of human PMNs. Human PMNs were infected with wild-type C.t. or
329 CT181l:bla and cell viability was anayzed by flow cytometry (Fig. 4A). Wild-type C.t., but not
330 CT181::bla, significantly extended the survival of PMNs, with more than 50% of the cells remaining
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331  dlive even after 48 hours (Fig. 4B). Next, we investigated whether infection of human PMNs affects the
332 amount of Mcl-1. Due to the highly variable nature of PMNs, we infected PMNs isolated from the blood
333  of different donors. A strong increase in Mcl-1 levels was detected upon wild-type C.t. infection.
334  Interestingly, CT181::bla infection failed to increase Mcl-1 levels in PMNs from three different donors
335 (Fig. 4C-D). These results are consistent with a strongly reduced survival of the CT181::bla in human
336 PMNs, with only 35 % of the initia infection inoculum being detected at 48 hpi and no detectable
337  infectious bacteria at 96 hpi (Fig. 4E-1). Taken together, our results suggest that CT181 is important for
338  C.t.’sability to prolong survival of human PMNs, possibly by stabilizing Mcl-1.

339 CT181 is required for survival of C.t. in mouse PMNs and in transcervical infection. To
340  investigate the role of CT181 in the interaction of C.t. with PMNSs in an immunocompetent model, we
341  repeated experiments performed with human PMNs using mouse PMNs. Similar to human PMNSs,
342  infection with wild-type bacteria extended the lifespan of mouse PMNs at 48 hpi but had no effect at 24
343  hpi (Fig. 5A). The CT181::bla mutant failed to extend the lifespan of mouse PMNs at any of the
344  investigated time points and the number of viable cells was lower than that of the non-infected PMN
345 sample at 24 hpi (Fig. 5A). Fewer neutrophils survived during CT181::bla infection, possibly because the
346  absence of CT181 failed to stabilize Mcl-1, as evidenced by decreased Mcl-1 expression in CT181::bla-
347  infected neutrophils compared to wild-type-infected neutrophils (Fig. 5B-C). CT181 was important for
348  C.t. survival in PMNSs as significantly fewer mutant bacteria survived exposure to mouse PMNs compared
349  towild-type C.t (Fig. 5D-H). In addition, we infected mice by transcervical infection and determined the
350  number of infectious EBs by infecting McCoy cells with lysates of the female genital tract (FGT) 6 days
351  pi (Fig. 6A). Significantly fewer infectious EBs could be isolated from mice infected with the CT181::bla
352  mutant compared to those infected with the wild-type bacteria (Fig. 6B-C). Interestingly, the number of
353  PMNs detected in the FGT tissue of the mice infected with CT181::bla was significantly lower compared
354  to the wild-type infected mice (Fig. 6D-E). The lower number of PMNSs correlated with lower levels of
355  theinflammatory cytokines TNFo and IL-6 (Fig. 6F-G) suggesting that CT181::bla is severely affected in

356  the PMN response.
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357 DISCUSSION

358 Infection of a host cell by an obligate intracellular pathogen requires the pathogen to subvert host
359  cell death pathways while simultaneously promoting host cell viability, a phenotype conferred by
360  bacterial effector proteins. Although Inc proteins have been readily identified based on the presence of a
361  bi-lobed hydrophobic domain, the identification of non-Inc secreted factors has proven more challenging.
362 By focusing on proteins uniquely present in the EB of C.t., we identified CT181 as a novel secreted
363  effector protein and demonstrate that it binds to Mcl-1. Our findings reveal a previously unknown
364  mechanism whereby CT181 prolongs neutrophil survival through stabilization of Mcl-1. Furthermore, we
365  show that infection with the CT181 mutant leads to a significant reduction in the number of PMNs and a
366  decreasein the production of inflammatory cytokines, implicating CT181 in modulating the host immune
367  response to C.t. infection and underscoring its dual role in promoting bacterial survival and influencing
368  the host'sinflammatory environment.

369 To date, only a handful of secreted effectors have been identified and characterized, limiting our
370  understanding of the roles they play in C.t. pathogenesis. While some effectors have been identified based
371  onthe presence of aeukaryotic-like domain or viatheir interaction with chaperones (17-19, 24, 47, 48), it
372 is likely that other C.t. secreted proteins remain to be discovered. Prior work has demonstrated that
373  effector proteins associated with host cell invasion and early infection events are uniquely prepackaged at
374  the end of the developmental cycle, positioning them to initiate new rounds of infection (23, 24, 42).
375  While TarP and TmeA directly promote host cell invasion by inducing cytoskeletal rearrangements (21—
376 23, 42, 49-52), TmeB appears to play an opposing role by interfering with Arp2/3-mediated actin
377  polymerization (53). TepP represents another multifunctional prepackaged effector that binds to Crk
378  adaptor proteins and the PI3K complex, stimulating PI(3,4,5)P; formation, and it disassembles tight
379  junctions by perturbing EPS8 (24, 38, 54). Intriguingly, TepP aso regulates the expression of immunity-
380 regulated genes and reduces neutrophil recruitment in an organoid infection model (24, 55). Given the
381  diverse roles these early effector proteins play in promoting C.t. infection, we rationalized additional
382  hypothetical proteins uniquely produced by EBs may represent novel secreted effector proteins (25). By
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383  screening 10 candidate proteins for secretion, we identified CT181 as a novel secretion substrate. Our

384  dataindicate that CT181 isdispensable for invasion but might be important later in infection.

385 Manipulation of host cell viability is a critical defense mechanism employed by a broad range of
386  microbial pathogens. While some pathogenic bacteria, such as Yersinia, Shigella, and Salmonella,
387  promote apoptosis to induce killing of phagocytes, obligate intracellular bacteria like C.t. have evolved
388  sophisticated strategies to protect their host cells from apoptotic stimuli while simultaneously stimulating
389  pro-survival pathways. During apoptosis, pro-apoptotic Bcl-2 family members Bax and Bak trigger
390 permeabilization of the outer mitochondrial membrane, a critical step in the apoptotic cascade. However,
391  anti-apoptotic Bel-2 family members, including Mcl-1, counteract this process by sequestering Bax and
392  Bak in the cytoplasm (43). Mcl-1's expression and activity are tightly controlled at multiple levels -
393  transcriptional, posttranscriptional, and translational - allowing for finely tuned and rapid changes in
394  response to internal and externa stimuli (43). Crucialy, Mcl-1 is further regulated via rapid protein
395  turnover through ubiquitination and proteasomal degradation, making it an ideal target for pathogens
396  seeking to manipulate host cell survival. During C.t. infection, both mRNA and protein levels of Mcl-1
397 are up-regulated in a RAF/MEK/ERK-pathway-dependent manner (15). Activation of this signaling
398  pathway results in Mcl-1 phosphorylation and stabilization, enhancing its anti-apoptotic activity and
399  ensuring survival of the host cell. Interestingly, Mcl-1 is aso stabilized during C.t. infection via
400  deubiquitination at the inclusion membrane by the Chlamydia deubiquitinating enzyme 1 (Cdul) (16).
401  While a Cdul mutant reduced Mcl-1 levels during infection, Mcl-1 levels remained elevated relative to
402  uninfected cells or those treated with an apoptosis inducer (16). This suggests that C.t. employs multiple,
403  potentially redundant methods to maintain Mcl-1 levels. Our study builds upon these findings by
404  demonstrating that the secreted protein CT181 binds to Mcl-1 and that CT181 expression is important for
405  stabilizing Mcl-1 expression. This discovery adds another layer of complexity to C.t.-host interactions,
406  revealing a novel mechanism for the pathogen to manipulate host cell survival pathways. The multi-

407  faceted approach taken by C.t. in manipulating Mcl-1 levels - through signaling pathway activation,
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408  deubiquitylation, and now direct protein-protein interaction - underscores the central role of Mcl-1 in
409  bacterial survival.

410 Neutrophils are essential components of the innate immune system and as such, play a crucial
411 role in the initial host response to microbial pathogens. These cells are among the first to respond to
412  microbia infection where they act to limit bacteria spread and facilitate pathogen clearance via
413  phagocytosis, degranulation, and release of neutrophil extracellular traps (NETS). Notably, neutrophils
414  have a short lifespan, typically undergoing apoptosis within 12-24 h, at which point scavenger
415  macrophages clear out the apoptotic neutrophils, leading to resolution of the inflammatory response and
416  containment of cytotoxic materials that could otherwise damage host tissues. However, under certain
417  conditions, including during inflammation or infection, the lifespan of neutrophils can be prolonged.
418  Anaplasma phagocytophilum, the causative agent of human granulocytic anaplasmosis, induces
419  transcription upregulation of Mcl-1 (56, 57), activates the PI3K/Akt pathway to maintain Mcl-1
420  expression (58), and induces phosphorylation of p38 mitogen-activated protein kinase (MAPK) (59), all
421  to promote neutrophil survival. Coxiella burnetii also prolongs neutrophil survival by activating MAPK
422  pathways to promote stabilization of Mcl-1. While the specific factor involved remains unknown, Mcl-1
423  dtabilization and inhibition of neutrophil apoptosis occur in atype IV secretion system dependent manner,
424 suggesting that a secreted protein is required (60, 61). Additionally, C. pneumoniae and C.t. can prolong
425  the life span of neutrophils by delaying apoptosis (44, 62, 63). Previous studies have shown that C.t. can
426  remain viable and infectious for at least 24 h after infection (46, 64), suggesting prolonging neutrophil
427  survival may serve as a protected niche for the pathogen to spread during infection (9). Remarkably, and
428  consistent with this notion, we have now shown that wild-type C.t. can survive in the presence of
429  neutrophils for up to 96 h. The CT181 mutant showed no detectable infectious particles at this time point,
430  which can be attributed to both a failure to prolong neutrophil lifespan and a reduction in C.t survival.
431  Collectively, while prior studies highlight the importance of neutrophil survival, the mechanism remained
432 unknown. Our study indicates that secreted bacterial proteins, namely CT181, may be crucia to this
433 process.
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434 In conclusion, we have identified a novel C.t. secreted protein, CT181, that binds to Mcl-1 and
435  prolongs neutrophil survival during C.t. infection. Our work provides a framework for future studies
436  aimed at understanding how bacterial effectors proteins disarm the host immune response to allow for
437  productive infection.

438
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Table 1: Early effector candidates assayed for secretion. Assay results were not determined (ND) due to
Jack of clone, lack of C.t. transformants, “candidate was not expressed, or “candidate was not tested
because it was secreted in two prior assays.

D/UW-3/CX | L2/434/Bu MW CyaA Assay BlaM Assay GSK Assay Final Designation
CTO053 CTL0309 17.2kDa Secreted Secreted ND? Secreted

CT181 CTLO0433 24.4kDa Secreted Secreted ND? Secreted

CT365 CTL0619 61.0kDa ND® ND® Not Secreted | Unable to conclude
CT389 CTLO0645 47.0kDa Not Secreted | ND? ND° Unable to conclude
CT590 CTLO0853 109.1kDa ND? Not Secreted  Not Secreted ~ Not Secreted
CT668 CTL0037 24.4kDa Not Secreted | Not Secreted | ND° Not Secreted
CT676 CTL0045 19.9kDa Not Secreted | ND? ND°® Unable to conclude
cT814 CTLO185 11.4kDa Not Secreted | Not Secreted | Secreted Possibly Secreted
cT837 CTLO0209 76.4kDa ND® Not Secreted | ND° Unable to conclude
CT865 CTLO0244 37.5kDa Not Secreted | Secreted Not Secreted | Possibly Secreted
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451  Table 2: Candidate CT181 binding partners identified by yeast 2-hybrid. Predicted biological score (A-F)
452  was assigned by Hybrigenics. A-Very high confidence in the interaction; B-High confidence in the
453 interaction; C-Good confidence in the interaction; D-Moderate confidence in the interaction; E-Potential

454  non-specific interaction; and F-Experimentally proven artifact.

Protein Name Function #Clones = PBS
Score
ARMCX6 | armadillo repeat containing X-linked 6 Regulates mitochondria dynamics 2 D
and distribution in neural cells
BIRC6 baculoviral | AP repeat containing 6 Regulation of apoptosis 5 D
CIR1 Corepressor interacting with RBPJ Regulation of transcription 1 D
DHX29 DEXxH-box helicase 29 Regulation of trandation 3 D
EHBP1 EH domain-binding protein 1 Actin cytoskeleton organization 1 D
ELP1 Elongator complex protein 1 tRNA binding 1 D
FEZ2 Fasciculation and elongation protein zeta-2 | Signal transduction 1 D
FOXRED2 | FAD-dependent oxidoreductase domain- Ubiquitin-dependent ERAD 3 D
containing protein 2 pathway
GPATCH8 | G patch domain-containing protein 8 RNA binding 1 D
HNRNPF Heterogeneous nuclear ribonucleoprotein F | RNA processing 2 D
LDLRAP1 | Low density lipoprotein receptor adaptor Cholesterol homeostasis 2 D
protein 1
LHX9 LIM/homeobox protein Lhx9 Regulation of transcription 1 D
MCL1 Induced myeloid leukemia cell Regulation of apoptosis 81 A
differentiation protein
MY CBP2 E3 ubiquitin-protein ligase Protein ubiquitination 7 C
NUMB Protein numb homolog Adherens junction organization 2 D
PGK1 Phosphoglycerate kinase 1 Epithelial cell differentiation 3 D
PRKD3 Serine/threonine-protein kinase D3 Protein kinase D signaling 5 D
PSD3 PH and SEC7 domain-containing protein Regulation of ARF protein signal 2 D
transduction
PTBP1 Polypyrimidine tract-binding protein 1 RNA splicing 21 C
SMURF2 E3 ubiquitin-protein ligase SMURF2 Protein ubiquitination 6 C
TMOD3 Tropomodulin-3 Actin filament organization 11 B
WNK1 Serine/threonine-protein kinase WNK lon homeostasis 1 D
455
456
457
458
459
460
461
462
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464  Figure 1: Several proteins, uniquely produced by EBs, are secreted effectors. HelLa cells were
465  infected at an MOI of 5 with each strain for 24h. (A) Cytosolic levels of CAMP were measured, and levels
466  obtained from cells infected with the effector-CyaA fusion were compared to cells infected with C.t.
467  expressing CyaA aone. Data are from 3 experiments with 3 replicates per experiment. (B) Secretion of
468  effector-BlaM fusion was determined by evaluating the change in 460/535nm fluorescence, which results
469  from cleavage of the CCF4-AM substrate. Ratios associated with the effector-BlaM fusion were
470  compared to cellsinfected with C.t. expressing BlaM alone. Data are representative of 3 experiments with
471 3 replicates per experiment. (C) Effector-GSK FLAG fusions were immunoprecipitated using FLAG

472  magnetic beads and analyzed by western blotting using anti-GSK-33 and anti-Phospho-GSK-3p3
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473  antibodies. Data are representative from three independent experiments. (A, B) Error bars represent
474  standard deviation from the means. Statistical significance was determine using One-Way ANOVA
475  comparing the candidate effector to (A) CyaA or (B) BlaM aone using Dunnett’s multiple comparison
476  post-test. ****P<0.0001.
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489  Figure 2: CT181 is dispensable for host cell invasion but is important for intracellular replication
490 and inclusion formation. (A) A2EN or HelLa cells were infected at a MOI of 2.5 with wild-type, tmeA-
491  Ix, CT181:bla, or CT144::bla. At 48h, cells were lysed and replated on fresh HeLa cell monolayers and
492  infectious forming units were quantified by immunofluorescence microscopy. (B) A2EN or HelLa cells
493  were infected at a MOI of 2.5 for 60 min with wild-type, tmeA-Ix, CT181::bla, or CT144::bla. The
494  number of internal bacteria was determine using differential immunostaining. (C) To measure inclusion
495  size, A2EN cellswereinfected at an MOI of 2.5 for 24 h. Bacteria were stained with anti-LPS (green), the
496  inclusion membrane was stained with an anti-IncE antibody (red), and DNA was stained with DAPI
497  (blue). Inclusion diameter was measured in Imagel. (A-C) Data are representative of three independent
498  experiments. Statistical significance was determined using One-Way ANOVA with Dunnett’s multiple
499  comparison post-test comparing the mutants to wild-type. ****P<0.0001, ***P<0.001, **P<0.01,

500 *P<0.05.
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503  Figure 3: CT181 binds to the induced myeloid leukemia cell differentiation protein. (A) HeLa cells
504  were infected with CTO16-FLAG, CteG-FLAG, CT181-FLAG, or TmeA-FLAG (left) or co-transfected
505  with HA-tagged Mcl-1 and GFP, GFP-CT181, or GFP-TmeA (right). Proteins were immunoprecipitated
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using anti-HA beads and analyzed by western blotting using anti-GFP or anti-HA antibodies. Data are
representative of three independent experiments. (B-D) HelLa cells were transfected with the GFP-effector
or GFP-CT181 alone (green) or in combination with HA-tagged Mcl-1. At 24 h post-transfection, cells
were fixed with 4% formaldehyde, permeabilized with 0.1% Triton-X 100. (C) DAPI (blue) was used to
demark the nucleus and Mcl-1 (red) was visualized using anti-HA antibodies. (D) Mitochondria were
visualized using anti-CoxIV (blue) and Mcl-1 (red) was visualized using anti-HA antibodies. (B) Images
were obtained using epifluorescence microscopy. Scale bar is 10um. (C, D) Images were obtained using

confocal microscopy. Scale bars are 10pum.
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528  Figure 4: CT181 is involved in the prolongation of human PMN lifespan and the survival of C.t.
529  Freshly isolated PMNs from human blood were infected with wild-type (WT) C.t. or CT181::bla at an
530 MOI of 5 for the indicated time points. (A) PMNs were stained with Annexin V and 7-AAD at the
531  indicated time points and analyzed for cell survival using flow cytometry. (B) Annexin V- and 7AAD-
532  negative cells were considered as live cells and shown as percentage of double negative cells. (C) Mcl-1
533  expression was analyzed by western blot 48 hours post infection (h.p.i). The data are representative of
534  three independent experiments. (D) Relative densities were quantified and plotted using Imagel. (E)
535  Graphical representation of the work plan for re-infectivity assays. Freshly isolated human PMNs were
536  infected with C.t. or CT181::bla for 48 h, lysed and released bacteria were added to fresh HelLa cells. (F)
537  Infected PMNs were lysed and replated on fresh Hel a cell monolayers and infectious forming units were
538  quantified using immunofluorescence. Bacteria were stained with anti-OmpA (green) and nuclei with
539  DAPI (blue). (G) Inclusion counts were calculated and plotted as percent of infection. (H) In areplicate
540  experiment, HelLa cells were harvested to determine the total C.t. OmpA expression relative to human
541  Actin levels to estimate infectious burden. The data are representative of two independent experiments.
542  Statistical significance was determined using Two-Way ANOV A with Tukey's multiple comparison test.

543  ****P<0.0001, *P<0.05.
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553  Figure 5: CT181 isinvolved in the prolongation of mouse PMN lifespan and the survival of C.t..
554  Neutrophils were isolated from the bone marrow of naive C57BL6/N mice and were infected with wild-
555  type or CT181:bla C.t. a an MOI of 5 for the indicated time points. (A) PMNs were stained with
556  AnnexinV and 7-AAD and analyzed for cell survival using flow cytometry. Double negative cells were
557  considered as live cells and shown as percentage of double negative cells. (B) Mcl-1 expression was
558  analyzed by western blot at 48 hpi. The data are representative of three independent experiments. (C)
559  Rdative densities were quantified and plotted using Imagel. (D) Graphical representation of the work
560 plan for re-infectivity assays. Freshly isolated human PMNs were infected with C.t. or CT181::bla for 48
561 h, lysed and released bacteria were added to fresh McCoy cells. (E) Infected PMNs were lysed and
562  replated on fresh McCoy cell monolayers, and infectious forming units were quantified by
563  immunofluorescence. Bacteria were stained with anti-OmpA (green) and nuclei with DAPI (blue). (F)
564  Inclusion counts were calculated in ImageJ and plotted as percentage of infection. (G) In a replicate
565  experiment, McCoy cells were harvested to determine the total C.t. OmpA expression relative to mouse
566  actin levelsto estimate infectious load. The data are representative of three independent experiments. (H)
567  Réative densities were quantified and plotted using ImageJ. Statistical significance was determined using
568 Two-Way ANOVA with Tukey's multiple comparison test. ****P<0.0001, ***P<0.001, **P<0.01,

569  *P<0.05.
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578  Figure 6: CT181 isinvolved in survival of Chlamydia during mouse genital tract infection. Female
579  C57BL/6N mice were infected for 6 days with 10" wild-type or CT181:bla Ct. (A) Graphical
580  representation of the experimental setup. At 6dpi, the female genital tract was harvested, weighed, and
581  lysed using collagenase D/DNase I. (B) A portion of the cells were collected and lysed by sonication. The
582  lysate and released C.t. were added to a monolayer of McCoy cells. The number of inclusions was
583  counted from each mouse and expressed as the number of bacteria per 100 mg of tissue. (C) A portion of
584  the tissue was subjected to DNA isolation, and the bacterial load was determined through quantitative
585  real-time PCR of the C.t. 16s RNA gene and the mouse GAPDH gene. (pg) C.t. 16s RNA gene / ug host
586  GAPDH gene was plotted to determine bacterial burden in thetissue. (D) A portion of the harvested cells
587  were stained for CD45, CD11b, Ly6G, CD62L, and F4/80. CD45+ CD11b+ F4/80- Ly6G+ CD62L+
588  were considered as neutrophils recruited to the tissue. Shown is the gating strategy for the neutrophil
589  count. (E) The total number of cells collected was analyzed and expressed as the number of neutrophils
590  per 100 mg of tissue. The data points represent the results obtained from a single mouse (n=6). (F) IL-6
591 and (G) TNFu levels were determined from female genital tract lavages by ELISA (n=4). Statistical
592  dignificance was determined using OneWay ANOVA with Tukey's multiple comparison test.

593  ***P<0.001, **P<0.01.
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