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The Chlamydia trachomatis Inc Tri1 interacts with the host protein TRAF7 to modulate 

TRAF7-dependent interactions. 

Clara Herrera 
 
 

ABSTRACT 
 

Like any successful intracellular pathogen, Chlamydia trachomatis must overcome 

several host defenses to complete its developmental cycle. Chlamydia is thought to 

accomplish this through the employment of effector proteins, particularly a unique class 

of effectors which are inserted in the Chlamydial inclusion membrane. To test the 

hypothesis that these inclusion membrane proteins (Incs) target host cell proteins, our lab 

conducted an affinity purification-mass spectrometry screen (AP-MS) in which cells were 

transfected with individually tagged Incs. The predicted interaction between the Inc Tri1 

and the host ubiquitin ligase TRAF7 is the subject of this work. 

In this dissertation, we characterize the Tri:TRAF7 complex during infection and 

reveal that Tri1 can disrupt native TRAF7 protein-protein interactions (PPIs, Chapter 2). 

Through additional analysis of this TRAF7 interactome dataset, we revealed that Tri1 can 

also promote novel TRAF7 PPIs (Chapter 3). Finally, we conducted RNAseq analysis to 

determine the role of Tri1 during infection and determined that it may play a modest role 

in altering signaling pathways. Overall, this work contributes to the growing literature on 

C. trachomatis Incs and highlights the important roles they may play during infection. 
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CHAPTER 1 

INTRODUCTION 
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All successful intracellular pathogens must overcome multiple host cell 

mechanisms of surveillance to survive. Generally, these organisms display pathogen- 

associated molecular patterns (PAMPs), which are detected by host pattern recognition 

receptors (PRRs)(1). Examples of this include cell autonomous signaling mechanisms 

such as the cGAS/STING pathway, which can detect foreign DNA from pathogens to 

promote pro-inflammatory pathways and consequently pathogen destruction(2). To 

counteract these host defense mechanisms, pathogens have evolved sophisticated 

mechanisms to manipulate or evade host cells processes. Many pathogens secrete 

proteins into the host cell cytosol, called effectors, to perform these functions. For 

example, intracellular pathogens such as Salmonella, Yersinia, and Legionella, 

reprogram host protein ubiquitination, either by regulating host ubiquitin ligases or 

encoding bacterial ubiquitin ligases(3). Additionally, pathogens may camouflage 

themselves by replicating within membrane-bound compartments decorated with host 

lipids that serve to both disguise the pathogen and to prevent the leakage of its DNA into 

the host cytosol, where it may be recognized by the host innate immune response(4). 

While membrane-bound pathogens such as Chlamydia trachomatis (C. trachomatis) and 

Toxoplasma gondii (T. gondii) enjoy this additional level of protection from its host, these 

vacuoles may still be recognized as non-self structures by the host(4–6). If primed for 

pro-inflammatory signaling by PAMPs, host cells may ubiquitinate pathogenic vacuoles 

and subsequently recruit adaptor proteins to the vacuole for autophagosomal 

degradation(4–6). Thus, pathogens must carefully balance their replication with host 

defenses. 
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In this work, we focus on the intracellular development of Chlamydia 

trachomatis.C. trachomatis is a pathogen of global interest due to its status as the leading 

bacterial cause of sexually transmitted infections and infectious blindness, with 128.5 

million new infections in 2020(7). Additionally, C. trachomatis infections are often 

asymptomatic and may result in sequelae such as pelvic inflammatory disease and 

infertility if left untreated(8). 

C. trachomatis is an obligate intracellular pathogen and is thus tasked with 

overcoming cellular surveillance mechanisms to complete its developmental cycle(9). 

Chlamydia development occurs as a biphasic cycle. The bacterium first enters cells as 

an elementary body (EB), transitions into its replicative reticulate body (RB) form, avoids 

lysosomal detection, and replicates within a membrane-bound compartment termed the 

inclusion. Chlamydia acquires essential nutrients, avoids intracellular detection, and 

transitions back to its infectious EB form prior to exiting host cells(9). Chlamydia is thought 

to accomplish these feats in by employing a specialized needle-like protein export 

apparatus, the type III secretion system to insert effectors into either the host cytosol 

(conventional effectors) or into its own inclusion membrane (inclusion membrane proteins 

(Incs)(10)). Characterization of the Incs, which are unique to the order Chlamydiales, has 

been limited by their lack of identifiable features through bio- informatic analysis and a 

past dearth of successful genetic tools in Chlamydia(11, 12). 

While divergent in sequence, Incs are characterized by the presence of two or 

more transmembrane domains, with their N- and C-terminal domains extending into the 

host cell cytosol (12, 13). Thus, Incs are ideally positioned at the host-pathogen interface 

to interact with host cell proteins. Incs may serve several strategic functions, such as
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recruiting host proteins or organelles to the inclusion, disrupting host protein- protein 

interactions, and/or functioning as scaffolds to generate novel protein-protein 

interactions at the inclusion(9). Previous studies on Incs have revealed that they can 

disrupt native protein-protein interactions (9, 14, 15) and evade cell autonomous 

signaling pathways such as the STING pathway (16). However, the function of most of 

the C. trachomatis Incs remains to be elucidated. To gain insight into the function of 

Incs, our lab previously used a high through- put proteomics strategy in which we 

employed affinity purification-mass spectrometry (AP-MS) using epitope-tagged Incs 

transfected into human cells to identify their host binding partners(17). This study 

identified at least one predicted high confidence host protein interaction for 2/3 of the C. 

trachomatis serovar D incs. In this dissertation, I focused on the predicted high 

confidence interaction between the Inc CT224 and the host ubiquitin ligase TRAF7. Little 

is known about CT224, and its further study thus presented an opportunity to further 

characterize the functions of Incs. The host protein TRAF7 is a member of the tumor 

necrosis receptor associated factor (TRAF) family of proteins, which have diverse roles 

in major immune signaling pathways(18, 19). TRAF7 has reported roles in modulating 

pro-inflammatory signaling pathways which are relevant for C. trachomatis infection(20–

23). It is additionally a protein of great interest in cancer research because it is frequently 

mutated in a subset set of tumors(21). Given the interaction between CT224 and TRAF7, 

we renamed CT224 to TRAF7 Interactor 1 (Tri1). 

In this work, we confirmed that the interaction between Tri1 and TRAF7 occurs 

during infection. In chapter 2, we defined the regions of Tri1 and TRAF7 that form the 
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binding interface and discovered that Tri1 can disrupt native TRAF7 protein-protein 

interactions. This work has been submitted for publication and is posted on Bioxriv(24). 

In Chapter 3, we describe our work that employs an orthogonal AP-MS-based approach 

in which we define the TRAF7 protein interactome and identify host proteins whose 

interactions with TRAF7 are decreased by displacement or increased by forming a new 

binding interface upon addition of Tri1. We further refine this data set by curating a set 

of TRAF7-host protein interactions that are present in the Tri1-host protein interactome 

and that are enhanced when Tri1 is added to TRAF7. Interestingly, a group of nuclear 

importer/exporter proteins was found in both data sets. We present preliminary evidence 

that one member, IPO5, is recruited to the inclusion in a Tri1-dependent manner. In 

Chapter 4, we performed host cell transcriptomics in cultured human cells infected with 

either wild type C. trachomatis or with a strain in which Tri1 is depleted by CRISPRi. Our 

analysis suggests that Tri1 may have a subtle effect on host cell signaling under the 

conditions of our infections. 

This dissertation contributes to the further characterization of C. trachomatis Incs 

and aids in the understanding of how these effectors may modulate host cells. We 

additionally present the extensive role an Inc could play in altering protein-protein 

interactions through the binding of a single host protein, which may have consequences 

for cellular signaling. Additionally, we suggest that the Inc Tri1 is a potential tool to study 

the protein TRAF7 in the context of tumorigenesis. This work may thus further our 

understanding of the pathogenesis C. trachomatis infections, particularly how it remodels 

host cell signaling, and may provide further insights into the biological functions of the 

poorly understood host ubiquitin ligase TRAF7. 
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CHAPTER 2 THE CHLAMYDIA TRACHOMATIS INC TRI1 INTERACTS WITH TRAF7 

TO DISPLACE NATIVE TRAF7 INTERACTING PARTNERS 
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SUMMARY 
 

Chlamydia trachomatis is the leading cause of bacterial sexually transmitted 

infections in the US and of preventable blindness worldwide. This obligate intracellular 

pathogen replicates within a membrane-bound inclusion, but how it acquires nutrients 

from the host while avoiding detection by the innate immune system is incompletely 

understood. C. trachomatis accomplishes this in part through the translocation of a unique 

set of effectors into the inclusion membrane, the inclusion membrane proteins (Incs). Incs 

are ideally positioned at the host-pathogen interface to reprogram host signaling by 

redirecting proteins or organelles to the inclusion. Using a combination of co-affinity 

purification, immunofluorescence confocal imaging, and proteomics, we characterize the 

interaction between an early-expressed Inc of unknown function, Tri1, and tumor necrosis 

factor receptor associated factor 7 (TRAF7). TRAF7 is a multi-domain protein with a RING 

finger ubiquitin ligase domain and a C-terminal WD40 domain. TRAF7 regulates several 

innate immune signaling pathways associated with C. trachomatis infection and is 

mutated in a subset of tumors. We demonstrate that Tri1 and TRAF7 specifically interact 

during infection and that TRAF7 is recruited to the inclusion. We further show that the 

predicted coiled-coil domain of Tri1 is necessary to interact with the TRAF7 WD40 

domain. Finally, we demonstrate that Tri1 displaces the native TRAF7 binding partners, 

mitogen activated protein kinase kinase kinase 2 (MEKK2) and MEKK3. Together, our 

results suggest that by displacing TRAF7 native binding partners, Tri1 has the capacity 

to alter TRAF7 signaling during C. trachomatis infection. 
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INTRODUCTION 
 

Chlamydia trachomatis is the most common cause of sexually transmitted bacterial 

infections and the leading cause of non-congenital blindness in developing nations(1). 

Complications associated with the sexually transmitted serovars include ectopic 

pregnancy, infertility, and pelvic inflammatory disease. Although effective antibiotic 

therapy exists, genital C. trachomatis infections are most commonly asymptomatic. 

Moreover, no therapy is cost-effective enough for use in developing nations, and an 

effective vaccine is still elusive(2). Elucidating the cellular and molecular mechanisms that 

contribute to C. trachomatis pathogenesis would allow the development of more targeted 

forms of treatment for the disease and could lead to the development of a vaccine. 

Chlamydia species are obligate intracellular pathogens that share a common life 

cycle in which they alternate between the infectious extracellular elementary body (EB) 

and the intracellular replicative reticulate body (RB)(3). Upon binding to the host cell, EBs 

are internalized within a membrane-bound compartment through receptor-mediated 

endocytosis. Chlamydia avoids detection by the cytosolic innate immune response and 

escapes lysosomal degradation by modifying this compartment to create a unique 

intracellular replicative niche, the inclusion. Chlamydia species employ a specialized 

protein secretion apparatus, the type III secretion system, that translocates up to ~150 

bacterial effectors into the host cytosol or into the inclusion membrane(4). This latter 

group, the inclusion membrane proteins (Incs), are unique to the order Chlamydiales(5). 

They are characterized by the presence of two or more closely-linked predicted 

transmembrane domains with their N- and C- termini exposed to the host cell cytosol(6, 
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7). The roles of most Chlamydia secreted effectors, including the Incs, remain 

incompletely described(8), as bioinformatics has been unrevealing and conventional 

genetic manipulation of Chlamydia species has only recently been achieved(9). Based 

on their topology and on functional studies, Incs may function as scaffolds to recruit 

and/or subvert host cell proteins or organelles(3, 10–12). 

To test this hypothesis and to identify host interacting partners that would give 

insights into Inc function, we previously performed a high throughput affinity purification- 

mass spectrometry (AP-MS) screen using epitope-tagged C. trachomatis serovar D Incs 

transfected into human cells (hereafter referred to as the “transfection interactome”)(13). 

This screen identified potential binding partners for ~2/3 of the 58 predicted C. 

trachomatis serovar D Incs, including a predicted high confidence interaction between the 

ubiquitin ligase TRAF7 and CT224/CTL047 (hereafter renamed Tri1, for TRAF7 

interactor). Here, we investigated the Tri1:TRAF7 interaction because Tri1 is not a well- 

characterized Inc and because TRAF7 is involved in signaling pathways that are relevant 

for Chlamydia infection. Thus, decoding the Tri1:TRAF7 interaction may provide insights 

into C. trachomatis pathogenesis. 

Tri1 is expressed early and throughout infection(14) and localizes to the inclusion 

membrane(15). TRAF7 is part of the tumor necrosis receptor-associated factor (TRAF) 

family of proteins, which use a modular structure to mediate assembly of cytoplasmic 

signal transducers with regulator molecules downstream of receptor complexes(16). Each 

TRAF family member is thought to have distinct biological roles, even though TRAFs 1-6 

regulate overlapping signaling pathways, including immune signaling(16, 17). Similarly to 

many of the other TRAFs, TRAF7 contains a coiled-coil domain important in 
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multimerization(18, 19), a zinc (Zn) finger domain, and RING finger ubiquitin ligase 

domain(18, 20, 21). However, unlike the other TRAFs, TRAF7 encodes a WD40 domain, 

a known protein scaffolding domain(22), in place of a canonical TRAF domain, at its C- 

terminus(21). 

In this work, we show that Tri1 and TRAF7 specifically interact during infection and 

that TRAF7 is recruited to the inclusion. We further show that the predicted coiled-coil 

domain of Tri1 is necessary and likely sufficient to interact with the TRAF7 WD40 domain. 

Finally, we demonstrate that Tri1 displaces native TRAF7 binding partners, mitogen 

activated protein kinase kinase kinase 2 (MEKK2) and MEKK3. Together, our results 

suggest that Tri1 has the capacity to modulate TRAF7 protein-protein interactions and 

potentially to alter TRAF7 signaling during infection. 
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RESULTS 
 

TRAF7 co-affinity purifies with Tri1. 
 

Our previously published Inc-human transfection interactome predicted a high- 

confidence interaction between Tri1 (from C. trachomatis serovar D) transiently 

expressed in HEK293T cells and the human ubiquitin ligase TRAF7(13). Given that C. 

trachomatis genetics is most well developed for serovar LGV434/L2(9) and that Tri1 is 

highly conserved between serovars D and L2 (98% identity, Fig S2.1), we performed all 

subsequent studies with L2. We used two approaches to evaluate whether Tri1 interacts 

with TRAF7 in the context of L2 infection. 

First, we performed affinity purifications (AP) from lysates of HeLa cells that were 

first transfected with mCherry (mCh)-TRAF7 for 24 hrs and then infected cells with L2 

transformed with a plasmid expressing Tri1 (Tri1FLAG) under the control of an anhydrous 

tetracycline (aTc)-inducible promoter (L2+pTri1 FLAG). As a control for Inc specificity, we 

infected cells in parallel with L2 transformed with a plasmid expressing IncGFLAG 

(L2+pIncGFLAG), an unrelated Inc. Immunoblot analysis of eluates demonstrated that 

TRAF7 co-affinity purifies (co-APs) with Tri1FLAG but not with IncGFLAG (Fig 2.1A). 

Second, as the above experiment was performed with transfected TRAF7, we 

used AP-MS to determine whether endogenous TRAF7 co-APs with Tri1 during infection. 

Lysates from HeLa cells infected with L2+pTri1FLAG in the presence of inducer were affinity 

purified using FLAG beads, and the eluates were analyzed by Liquid Chromatography 

(LC)/MS-MS. As controls for specificity, we performed LC/MS-MS on eluates prepared in 

parallel from cells infected with L2+pVector or from cells infected with L2 strains 

expressing Incs for which host binding partners are established, IncE(10, 13, 23, 24) 
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(L2+pIncEFLAG) and Dre1(13, 25) (L2+pDre1FLAG). Protein-protein interactions were 

scored by SAINT(26), which uses a scale of 0 to 1. The SAINT score of 1 for the 

Tri1FLAG:TRAF7 interaction with a Bayesian False Discovery Rate (BFDR) of 0 indicates 

a high confidence and specific interaction. It compares favorably with the SAINT score 

from previously validated interactions of IncE FLAG with SNX5(10, 13, 23, 24) and of 

Dre1FLAG with DCTN4(13, 25). No spectral counts were detected for TRAF7 in the eluates 

analyzed from IncE FLAG or Dre1FLAG (Fig 2.1B), demonstrating the specificity of TRAF7 

binding to Tri1. Likewise, no other TRAFs nor any other WD40-domain containing proteins 

were found to co-AP with Tri1. We thus conclude that in the context of transfection and 

infection, the interaction between Tri1 and TRAF7 is specific. 

 
 

TRAF7 is recruited to the inclusion. 
 

Having confirmed that Tri1 and TRAF7 interact during infection, we tested the 

prediction that Tri1 would recruit TRAF7 to the inclusion. We confirmed that Tri1FLAG 

localized to the inclusion membrane (Fig 2.2), consistent with published results of 

others(15). We next examined the localization of mCh-TRAF7 and endogenous TRAF7 

in cells infected with L2+pTri1FLAG. We observed that mCh-TRAF7 was robustly recruited 

to the inclusion in the presence of inducer (Fig 2.2A). We observed occasional recruitment 

of mCh-TRAF7 to the inclusions in infections performed in the absence of inducer (Fig 

2.2A), likely due to chromosomally expressed Tri1. 

To examine the recruitment of endogenous TRAF7, we first validated a 

commercially available antibody to TRAF7 by immunofluorescence and by immunoblot 

analysis (Fig S2.2). Both endogenous TRAF7 and FLAG-TRAF7 could be detected by 
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immunoblot (Fig S2.2A). We observed that endogenous TRAF7 and mCh-TRAF7 

localized to the nucleus, cytosol, and cytoplasmic puncta (Fig S2.2B, C), consistent with 

previously published results(18, 27, 28).The cytoplasmic puncta were particularly 

prominent upon transfection, suggesting that TRAF7 puncta formation is enhanced when 

the protein is overexpressed, as has been reported for all of the TRAFs(29). In HeLa cells 

infected with L2+pTri1FLAG for 24 hrs, we observed recruitment of endogenous TRAF7 to 

the inclusion in the presence of inducer (Fig 2.2B). Although recruitment of endogenous 

TRAF7 appears to be enhanced when Tri1 is overexpressed, it was not possible to 

quantify due to the low levels of detection of endogenous TRAF7 by the antibody. 

 
The predicted coiled-coil domain of Tri1 interacts with the WD40 domain of TRAF7 

 
We next defined the regions of Tri1 and TRAF7 that are necessary and sufficient 

for their interaction by co-transfection followed by co-AP studies using deletion mutants 

(Figs 2.3 and 2.4). Tri1 has a canonical Inc structure(15), with two closely linked 

transmembrane domains, a short N-terminal domain predicted to encode the type three 

secretion signal, and a C-terminal domain(Fig 2.3A). Although alpha-fold analysis(30) 

predicts that the C-terminus would assume an alpha-helical structure, multiple coiled-coil 

prediction algorithms(31) suggest that the C-terminus encodes a coiled-coil domain. 

Based on these analyses, we assigned residues 118 to 138 for the coiled-coil domain of 

Tri1. 

To determine if the coiled-coiled domain was necessary for Tri1 binding to TRAF7, 

we co-transfected HEK293T cells with full-length FLAG-TRAF7 and with Strep-tagged 

constructs of Tri1 that either completely lack the coiled-coil domain (Tri11-117, Fig 3A) or 
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that have a truncated coiled-coil domain (Tri11-128, Fig 2.3A). To determine if the coiled- 

coil domain was sufficient for Tri1 binding to TRAF7, we fused Tri184-147 to superfolder 

GFP (sfGFP), in addition to Strep (Fig 2.3A), to enhance its stability. Tri1-Strep or Tri1- 

sfGFP-Strep served as full-length controls. Lysates were affinity purified on Strep-Tactin 

beads. TRAF7 co-AP’d only with Tri1 variants containing the complete predicted coil-coil 

domain (Tri1 and Tri184-147; Fig 2.3B), indicating that the coiled-coil domain is necessary 

and likely sufficient for the Tri1:TRAF7 interaction. 

TRAF7 encodes several annotated domains(18, 20, 21), including an N-terminal 

RING finger ubiquitin ligase domain, a zinc (Zn) finger domain, a coiled-coil domain, and 

seven WD40 repeats that form the WD40 domain (Fig 2.4A). We predicted that the 

interaction between TRAF7 and Tri1 is likely mediated by the WD40 domain, as only 

TRAF7, among the TRAF family members, encodes a WD40 domain(16), and no other 

proteins containing a WD40 domain were found to co-AP with Tri1. To test this hypothesis, 

we performed co-APs on lysates prepared from HEK293T cells transfected with Tri1- 

Strep and with TRAF7 variants. Only TRAF7 variants containing the WD40 domain 

(TRAF7, TRAF7CC+WD40, and TRAF7WD40) co-AP’d with Tri1 (Fig. 2.4B). We thus conclude 

that the TRAF7 WD40 domain is necessary and sufficient for binding to Tri1. 

We additionally tested whether the WD40 domain of TRAF7 was necessary or 

sufficient for its recruitment to the inclusion. We observed that mCh-TRAF7WD40 and full- 

length mCh-TRAF7 were recruited to the inclusions of cells infected with L2+pTri1FLAG in 

the presence of inducer. In contrast, the TRAF7 variant that lacks the WD40 domain 

(mCh-TRAF7∆WD40) exhibited minimal recruitment (Fig 2.4C). We speculate that this 
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residual recruitment to the inclusion is likely due to the ability of mCh-TRAF7∆WD40 to 

multimerize with endogenous TRAF7 (18, 19). 

 
Tri1 displaces native TRAF7 interacting partners MEKK2 and MEKK3. 

We considered whether binding of Tri1 to TRAF7WD40 domain could disrupt native 

TRAF7 protein-protein interactions. For this purpose, we employed an unbiased 

quantitative AP-MS approach to identify native binding partners of the WD40 domain of 

TRAF7 whose interactions are disrupted in the presence of the coiled-coil domain of Tri1 

but not by a Tri1 variant that lacks this domain (Fig 2.5A). Cells co-transfected with empty- 

FLAG vector and Tri1-Strep served as negative controls. SAINT analysis identified 

MEKK2 as a significant interactor of TRAF7WD40 in the presence of the truncated Tri1 

(Tri11-128), with a SAINT score of 1 and a BFDR of 0 (Fig 2.5B). However, in a parallel 

experiment in which full length Tri1 was co-transfected with TRAF7WD40, no spectral 

counts for MEKK2 were identified by AP-MS (Fig 2.5B). This analysis suggests that 

MEKK2 is a native interactor of the WD40 domain of TRAF7. Furthermore, our results 

demonstrate that Tri1 displaces MEKK2 from TRAF7 in a manner dependent upon the 

complete coil-coil domain of Tri1. We identified other interactors of the TRAF7 WD40 

domain, including T-complex protein 1 subunit subunits delta and gamma (TCPD, TCPG) 

and DnaJ homolog subfamily A member 2 (DNJA2), which bound to TRAF7 in the 

presence of either Tri1 or Tri11-128 (Fig 5B), indicating the Tri1-mediated displacement of 

MEKK2 is specific. 

MEKK3, a closely related homolog of MEKK2, has also been reported to interact 

with the WD40 domain of TRAF7(18, 20). However, we did not detect MEKK3 in our AP- 
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MS data set for unclear reasons. We therefore tested whether Tri1 can disrupt MEKK2 or 

MEKK3 binding from the TRAF7 WD40 domain by co-transfection studies. HEK293T 

cells were co-transfected with Tri1-Strep or Tri11-128-Strep and either FLAG-TRAF7WD40 

(Figs 2.5C, E) or FLAG-TRAF7 (Fig 2.5D). For the MEKK3 displacement experiments, we 

additionally co-transfected cells with Myc-MEKK3 (Fig 2.5E). Lysates were affinity purified 

over FLAG beads and eluates were analyzed by immunoblot. Tri1, but not the non-binding 

variant (Tri11-128) decreased the binding of MEKK2 to both TRAF7WD40 (Fig 2.5C) and to 

TRAF7 (Fig 2.5D). Similarly, Tri1, but not the non-binding variant (Tri11-128), decreased 

the binding of myc-MEKK3 to TRAF7WD40 (Fig 2.5E). Together, our studies demonstrate 

that Tri1, through its coiled-coil domain, can displace the TRAF7 native binding partners 

MEKK2 and MEKK3. 
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DISCUSSION 
 

As a successful intracellular pathogen, Chlamydia must replicate intracellularly 

while avoiding immune detection(3, 12, 32). Although C. trachomatis induces cell- 

autonomous signaling pathways, including the cGAS-STING, NF-kB, and JNK-AP-1 

pathways, it must modulate their downstream effects to survive intracellularly(3, 12, 33). 

C. trachomatis is thought to regulate some of these pathways through the secretion of 

soluble effectors, including Incs(3, 11, 12). For example, upon transfection, the secreted 

effector Cdu1, a deubiquitinase and acetyltransferase(34), can inhibit NF-kB 

signaling(35). Additionally, the Inc CpoS can inhibit STING activation, possibly through its 

interaction with a subset of Rab GTPases(36, 37). However, no C. trachomatis Incs have 

as yet been linked to JNK-AP1 signaling, a pathway which is induced late during infection 

and is important for its intracellular replication(33). Thus, further study into C. trachomatis 

effectors may elucidate how this intracellular bacterium can subvert major host signaling 

pathways. 

Here, building on our previous work in which we defined the Inc-host 

interactome(13), we investigate the predicted interaction between Tri1 and TRAF7. We 

were particularly interested in this interaction because TRAF7 modulates key components 

of the innate immune response, including Type I interferon (IFN)(38, 39), NF-kB, and JNK- 

AP-1 signaling(16). We demonstrate that Tri1 interacts with TRAF7 during infection and 

that it can recruit endogenous or transfected TRAF7 to the inclusion. We localized the 

Tri1:TRAF7 binding interface to the coiled-coil domain of Tri1 and the WD40 domain of 

TRAF7. Using AP-MS, we identified MEKK2 as a native TRAF7 interactor. Finally, through 

co-transfection studies, we confirmed that Tri1 binding to the WD40 domain of TRAF7 
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can displace MEKK2 as well as a closely related previously identified TRAF7 interactor, 

MEKK3(18, 20).While our experiments were in progress, others reported an interaction 

between TRAF7 and MEKK2, along with MEKK3 and with MEK5(40). Together, these 

experiments underscore that the TRAF7 WD40 domain can interact with a subset of 

constituents of the MAP kinase pathways. 

By binding to host proteins, Incs have the potential to disrupt native host-protein 

interactions and/or to synergize with host binding partners to create new protein binding 

surfaces(3, 10–12). In our studies, we used an unbiased AP-MS-based strategy to define 

native binding partners of a host protein of interest that can be targeted by a microbial 

effector. This approach allowed us to identify a new TRAF7 interactor that could be 

displaced by an Inc. A major advantage of this approach is that it allows for the 

identification of host protein binding partners that can be displaced by an effector without 

knowing the specific residues required for the effector:host protein interaction. Moreover, 

this approach is equally applicable if the binding of an effector to a host target creates a 

new binding interface that recruits additional host proteins. Finally, the approach is easily 

scalable and widely applicable to any microbial effector, as demonstrated by our initial 

AP-MS screen to define the Inc-host interactome(13). 

A major conundrum of TRAF7 biology is its roles in a wide array of signaling 

pathways, sometimes with reportedly contradictory outcomes. For example, TRAF7 has 

been shown to both promote or inhibit inflammation(16) by either activating(18, 20) or 

inhibiting(28) the NF-kB signaling pathway. Additionally, TRAF7-dependent ubiquitination 

can inhibit type I IFN signaling(38, 39) and promote epithelial-mesenchymal transition 

(EMT)(41), a reprogramming event that is induced by C. trachomatis infection(42). Thus, 
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further study of the consequences of the Tri1:TRAF7 interaction may provide new insights 

into TRAF7 modulation of these important signaling pathways. 

The WD40 domain of TRAF7 has recently emerged as a common mutational hot 

spot for a subset of unusual human tumors, including mesotheliomas(43, 44), 

adenomatoid tumors of the genital tract(45), fibromyxoid spindle cell sarcomas of soft 

tissue(46), perineurioma nerve sheath tumors(47), and meningiomas(48–50). Some of 

the mutations lead to increased NF-kB signaling(45) and decreased JNK signaling. 

Particularly relevant to our studies of the Tri1:TRAF7 interaction are mutations within the 

TRAF7 WD40 domain associated with meningiomas. Transfection of these mutated 

proteins lead to decreased binding of MEKK3 to TRAF7 and decreased JNK 

signaling(40). These mutations predict potential residues that mediate the TRAF7:Tri1 

interaction. Experiments to test this idea are underway. 

Although data regarding the consequences of the TRAF7:MEKK2 interaction is 

limited, the role of TRAF7 in MEKK3 signaling is more well characterized(18, 20, 40). 

Therefore, we can speculate on how Tri1 displacement of MEKK3 from TRAF7 could 

modify host cell signaling. MEKK3 is a key signaling molecule in the TNF-induced NF-kB 

activation pathway(51). TRAF7 can stimulate MEKK3 kinase activity(20), and MEKK3 can 

promote TRAF7 ubiquitin ligase activity(18). Together, the two proteins act synergistically, 

and possibly in the same complex, to stimulate the NF-kB and JNK signaling 

pathways(18, 20). Additionally, TRAF7 is important for activating the MEKK3-MEK-ERK5 

signaling pathway, which is involved in maintaining vascular cell integrity in response to 

fluid shear stress(40). This pathway has major consequences for cells, including inhibiting 

apoptosis, inflammation, and epithelial to mesenchymal transition(52), all of which could 
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be relevant to C. trachomatis infection(42). We predict that Tri1 displacement of MEKK2/3 

from TRAF7 during C. trachomatis infection would lead to a downregulation of TRAF7 

ubiquitin ligase activity and thus alter TRAF7-dependent signaling, such as NF-kB, JNK, 

and MEKK3-MEK-ERK signaling(40). 

Our identification of Tri1 as a TRAF7 interactor provides an excellent opportunity 

to tease apart the mechanistic functions of this important host protein in numerous 

signaling pathway related to developmental biology, immunology, and cancer biology. In 

this work, we focused on the TRAF7:MEKK2/3 complexes, but there are other TRAF7 

protein-protein interactions which may be altered by Tri1 during infection. Thus, further 

investigation may identify additional native TRAF7 binding partners that are displaced by 

Tri1. Finally, it will be interesting to determine whether TRAF7 ubiquitin ligase activity and 

its related pathways are altered in a Tri1-dependent manner during infection. Examining 

these interactions will be key to fully understanding the role of Tri1 binding and recruitment 

of TRAF7 in C. trachomatis intracellular survival. 
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MATERIALS AND METHODS 
 

Cell Culture and Bacterial Propagation 
 

HeLa 229 and Vero cells were obtained from American Type Culture Collection 

(ATCC). HEK293T cells were a generous gift from Dr. Nevan Krogan (UCSF). TRAF7 

isoform 1 CRISPR/Cas9 KO HeLa cells (Isoform 2 of TRAF7, which lacks residues 1-76 

was not targeted by CRISPR/Cas9 and was thus still expressed in cells) were obtained 

from Abcam (ab264998, discontinued). 

HeLa cells were cultured and maintained in Eagle’s Minimum Essential Medium 

(MEM; UCSF Cell Culture Facility) supplemented with 10% (v/v) fetal bovine serum (FBS) 

from Gemini at 37ºC in 5% CO2. HEK293T and Vero cells were cultured and maintained 

in Dulbecco’s modified Eagle’s Medium (DMEM, UCSF Cell Culture Facility) 

supplemented with 10% (v/v) FBS at 37ºC in 5% CO2. Cells were routinely tested for 

mycoplasma (Molecular Probes, M-7006). C. trachomatis was routinely propagated in 

Vero cell monolayers as previously described(53). HeLa cells were used for all infection 

studies. HeLa and HEK293T cells were used for ectopic expression experiments. Stellar 

chemically competent Escherichia coli (Takara Bio) was used to prepare plasmids for 

ectopic expression in mammalian cells. 

 
Antibodies and Reagents 

 
Primary antibodies were obtained from the following sources: rabbit anti-RFP 

(Rockland, 600-401-379-RTU), mouse anti-FLAG (Millipore, F3165), rabbit anti-FLAG 

(Millipore, F7425), mouse anti-GAPDH (Millipore, MAB374), goat anti-MOMP L2 

(Fitzgerald, 20C-CR2104GP), rabbit anti-TRAF7 (Novus Biologicals, NBP2-93316), 
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rabbit anti-Strep TagII HRP (Novagen, 71591–3), rabbit anti-MEKK2 (Abcam, ab33918), 

mouse anti-Myc (Thermo Fisher, R950-25). Mouse anti-IncA was kindly provided by Dr. 

Dan Rockey (Oregon State University). Secondary antibodies for immunofluorescence 

microscopy were derived from donkey and purchased from Life Technologies or Abcam: 

anti-rabbit Alexafluor 568, anti-rabbit Alexafluor 488, anti-mouse Alexafluor 405, anti-goat 

Alexafluor 647. 

A plasmid expressing Tri184-147-GFP (serovar D) was a generous gift from Dr. 

Raphael Valdivia (Duke University). Myc-MEKK3 (K391A, pcDNA3.1) was originally 

provided by Dr. Xin Lin (Addgene plasmid # 44157;http://n2t.net/addgene:44157; 

RRID:Addgene_44157). C. trachomatis L2 (434/Bu) was a generous gift from Deborah 

Dean (UCSF). The C. trachomatis L2 strains overexpressing Tri1FLAG (originally “CT224- 

FLAG”) and Dre1FLAG were generous gifts from Drs. Mary Weber (University of Iowa) and 

Ted Hackstadt (Rocky Mountain Laboratories). The C. trachomatis L2 strain 

overexpressing IncEFLAG and IncGFLAG were generous gifts from Dr. Isabelle Derré 

(University of Virginia). Primers (Table S1) were commercially generated by Integrated 

DNA Technologies or by Elim Biopharm. 

 
Plasmid Construction 

 
The Tri1-Strep constructs used for ectopic expression studies were PCR amplified 

from genomic C. trachomatis L2 (434/Bu) DNA and subcloned into the EcoRI and NotI 

sites in pcDNA4.0/2xStrepII(54) using In-Fusion cloning (Takara) Tri1-Strep-sfGFP was 

generated by subcloning superfolder (sf) GFP (from Dre1-sfGFP) into Tri1-Strep 
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constructs (Full length or Tri184-147) at the Xho1 and Apa1 sites as a C-terminal fusion(25). 

TRAF7 constructs were amplified from pUC57-TRAF7 (a plasmid expressing full-length 

TRAF7) and subcloned into the HindIII and KpnI sites in pmCherry C1 and pcDNA4.0/3X 

FLAG vector using In-Fusion cloning. All TRAF7 constructs are tagged at the N-terminus 

and all Tri1 constructs are tagged at the C-terminus. Wild-type Myc-MEKK3 (in pcDNA3.1 

vector) was generated from a kinase-dead mutant (K391A, Addgene plasmid # 

44157)(55) using QuikChange Lightning Site-Directed Mutagenesis (Agilent). Only wild- 

type Myc-MEKK3 was used for experiments. Constructs were verified by forward and 

reverse sequencing. 

 
Affinity Purifications 

 
For Strep-Tactin affinity purifications in the context of transfections, HEK293T (6 x 

106 cells per plate) were seeded in one to three 10 cm2 plates. For FLAG affinity 

purifications, HeLa cells (3 x 105 cells) were seeded in each well of two 6-well plates. 

Cells were transfected with the indicated constructs using Continuum Transfection 

Reagent (GeminiBio), following manufacturer’s instructions. At 48 hrs post-transfection, 

cells were scraped on ice, pelleted, washed with PBS, and lysed in 1 mL cold Wash Buffer 

(50 mM Tris HCL pH 7.5, 150 mM NaCl, 1 mM EDTA) plus 0.5% IGEPAL (Sigma), 

Complete protease (Roche) and PhosSTOP phosphatase inhibitor (Roche). Lysates were 

added to 60 µL of FLAG beads (Sigma) or 60 µL of Strep-Tactin Sepharose beads (IBA) 

and incubated with rotation overnight at 4° C. Beads were washed three times in Wash 

Buffer plus 0.05% IGEPAL, and finally once in Wash Buffer without detergent. Samples 

were eluted in 45 µL of FLAG peptide (300 µg/mL, Millipore Sigma) in Wash Buffer plus 
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0.05% RapiGest (Waters Corp) for FLAG APs or in 45 µL of 10 mM D-desthiobiotin (IBA) 

in Final Wash Buffer for Strep APs. 

For FLAG APs in the context of L2 infections, HeLa cells were grown to 70% 

confluency (0.84 x 106 cells/well) in three 6-well plates per condition. Cells were 

transfected (as described above) with mCh-TRAF7 for 24 hrs prior to infection with 

L2+pTri1FLAG or L2+ pIncGFLAG at a multiplicity of infection (MOI) of 5. L2 strains were 

suspended in MEM supplemented with 10% FBS, centrifuged at 1000 RPM for 30 min at 

room temperature onto HeLa cells grown on coverslips. Infected cells were incubated at 

37°C in 5% CO2 for 1 hr. Infection media was aspirated off, fresh media containing no 

aTc or 200 ng/mL aTc was added, and cells were incubated at 37°C in 5% CO2 for 24 

hrs. Cells were treated with 10 μM MG132 (Cayman Chemicals) 4 hours prior to lysis and 

processed for FLAG APs as described above. 

For co-APs for MS to determine the interactome of TRAF7, HEK293T were seeded 

at a density of 6 x 106 cells per 10 cm plate for next day transfection. Two plates were 

used per transfection condition. Cells were transfected with FLAG-TRAF7WD40 and Tri1- 

Strep using Continuum transfection reagent (Gemini Bio) or Effectene transfection 

reagent (Qiagen). For control conditions, cells were transfected with empty FLAG-vector 

and Tri1-Strep (full length or Tri11-128-Strep). At 44 hrs post-transfection, cells were treated 

with 10 μM MG132. At 48 hrs post-transfection, cells were scraped on ice, pelleted, 

washed with PBS, and lysed in 1 mL cold Wash Buffer and subjected to FLAG APs as 

described above. 

To determine the interactome of Tri1FLAG, eight 6-well plates of 80% confluent HeLa 

cells were infected with either C. trachomatis L2 expressing plasmid-encoded Incs 
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(L2+pTri1FLAG, L2+ pIncEFLAG, or L2+pDre1FLAG) or empty vector at an MOI of 5 for 36 hrs 

as previously described (25). 10 μM MG132 was added 4 hours prior to lysis, and cells 

were lysed on the plates for 30 min at 4 C in Lysis Buffer (50 mM Tris-HCl pH 7.5, 150 

mM NaCl, 1 mM EDTA, 0.5% NP-40, PhosStop, Roche Complete Protease Inhibitor). 

Lysates were clarified by centrifugation at 13,000 RPM, 4.C for 15 min. Supernatants 

were then incubated with 30 μl anti-FLAG magnetic beads (Millipore Sigma) rotating 

overnight at 4˚C. Beads were washed three times in Wash Buffer (50 mM Tris-HCl pH 

7.5, 150 mM NaCl, 1 mM EDTA, 0.05% NP-40) and then once in Final Wash Buffer (50 

mM Tris-HCl pH 7.5, 150 mM NaCl, 1 mM EDTA). Samples were eluted in 45 μl of Elution 

Buffer (100 μg/mL FLAG peptide in Final Wash Buffer; Millipore Sigma) for 25 min at room 

temperature with continuous gentle agitation. All AP-MS experiments were performed in 

triplicate and assessed by Immunoblotting with FLAG antibody using enhanced 

chemiluminescence (Amersham Biosciences) and by silver stain (Pierce). 

 
MS sample preparation. 

 
A solution of 10 μL of 8 M urea, 250 mM Tris, 5 mM DTT was added to the eluate 

to achieve a final concentration ~1.7 M urea, 50 mM Tris, and 1 mM DTT. Samples were 

incubated at 60C for 15 min and allowed to cool to room temperature. Iodoacetamide was 

added to a final concentration of 3 mM and incubated at room temperature for 45 min in 

the dark. DTT was then added to a final concentration of 3 mM before adding 1 μg of 

sequencing-grade trypsin (Promega) and incubating at 37C overnight. Digested peptide 

samples were acidified to 0.5% TFA (ph<2) with 10% TFA stock and desalted using C18 

ultra micro spin columns (The Nest Group). 
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MS data acquisition and analysis. 
 

For AP-MS experiments, samples were resuspended in 15 μL of MS loading buffer 

(4% formic acid, 2% acetonitrile) and 2μL were separated by a reversed-phase gradient 

over a nanoflow 75μm ID x 25cm long picotip column packed with 1.9μM C18 particles 

(Dr. Maisch). Peptides were directly injected over the course of a 75 min acquisition into 

a Q-Exactive Plus mass spectrometer (Thermo) and data was acquired in a data- 

dependent acquisition mode. Raw MS data were searched against the uniprot canonical 

isoforms of the human proteome (downloaded February 28, 2020) and the C. trachomatis 

L2 Strain434BuATCCVR-902B proteome, using the default settings in MaxQuant (version 

1.6.12.0), with a 0.7min match-between-runs time window enabled(56). Peptides and 

proteins were filtered to 1% false discovery rate in MaxQuant, and identified proteins were 

then subjected to protein-protein interaction scoring. For protein-protein interaction (PPI) 

scoring, protein spectral counts as determined by MaxQuant search results were used for 

PPI confidence scoring by SAINTexpress (version 3.6.1)(26). For the TRAF7WD40 data 

analysis cells, co-transfected with empty FLAG vector and either Tri1-Strep or Tri11-128- 

Strep were used as negative controls. For the infection data analysis, HeLa cells infected 

with L2 transformed with a plasmid expressing an empty FLAG vector was used as a 

negative control. SAINT analysis was conducted on data from 9 L2 strains each 

expressing a different FLAG-tagged Inc. 
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Fluorescence microscopy 
 

HeLa cells were seeded (1.2x106 cells/well, 3 wells per condition) and grown on 

acid-treated glass coverslips (Warner Instruments) in 24-well plates. Cells were 

transfected using Effectene as described above. 

For fluorescence microscopy of L2-infected HeLa cells, L2 strains were suspended 

in MEM supplemented with 10% FBS, centrifuged at 1000 RPM for 30 min at room 

temperature onto HeLa cells grown on coverslips. Infections were performed at an MOI 

of 1. Infected cells were incubated at 37°C in 5% CO2 for 1 hr. Infection media was 

aspirated off, fresh media containing no aTc or 50 ng/mL aTc was added, and cells were 

incubated at 37°C in 5% CO2 for 24 or 48 hrs. 

Cells were fixed in 4% PFA in PBS for 15 min at room temperature and then 

permeabilized in 0.2% Triton X-100 in PBS for 15 min at room temperature. Cells were 

blocked in PBS containing 1% BSA for 1 hr and then stained with the appropriate primary 

antibody (overnight) and secondary antibody (1 hr) in 1% BSA. Coverslips were mounted 

on Vectashield mounting media with or without DAPI (Vector Laboratories). 

Images were acquired using Yokogawa CSU-X1 spinning disk confocal mounted 

on a Nikon Eclipse Ti inverted microscope equipped with an Andora Clara digital camera 

and CFI APO TIRF 60X oil or PLAN APO 40x objective. Single Z slices were acquired for 

all images shown. Images were acquired by NIS- Elements software 4.10 (Nikon). For 

each set of experiments, the exposure time for each filter set for all images was identical. 

Images were processed using FIJI Software. 
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Bioinformatics 
 

The coiled-coil domain of Tri1 from was predicted by submitting the full-length 

protein sequence for Tri1 from C. trachomatis L2 (434/Bu) to waggawagga, which 

includes Multicoil and NCOILS predictions(31). Additionally, the Tri1 coiled-coil domain 

was previously annotated on Uniprot by COILS(57) (Uniprot ID: A0A0H3MBY0, 

https://rest.uniprot.org/unisave/A0A0H3MBY0?format=txt&versions=12) as residues 118 

to 138. This coiled-coil domain prediction was used for Tri1 mutant construction. 

Transmembrane domain predictions were conducted using Phobius(58). 

 
 

Data Availability 
 

All AP-MS raw data files and search results are available from the Pride partner 

ProteomeXchange repository under the PXD049432 identifier(59, 60).They can be 

accessed with the following login credentials: Username: 

reviewer_pxd049432@ebi.ac.uk Password: aa8xT6vP. 
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Figure 2.1. Tri1 and TRAF7 interact during infection. A. HeLa cells were transiently 
transfected with mCh-TRAF7 for 24 hrs and then infected with L2+pIncGFLAG or 
L2+pTri1FLAG for 24 hrs in the presence of inducer (aTc). Shown are the lysates and 
FLAG-bead affinity purified eluates immunoblotted with the indicated antibodies. GAPDH 
serves as a loading control and MOMP (Chlamydia Major Outer Membrane Protein) 
serves as a control for the efficiency of infection. B. FLAG-bead affinity purified eluates 
prepared from HeLa cells infected with L2 expressing the indicated Incs (pTri1FLAG, 
pIncEFLAG, or pDre1FLAG) in the presence of inducer (aTc) were analyzed by LC/MS-MS. 
Shown are selected average spectral counts from biological triplicates, SAINT scores and 
BFDR (Bayesian False Discovery Rate). SAINT scores closer to 1 with a BFDR ≤0.05 
suggests a high confidence interaction. N/D, not determined because no spectral counts 
were recorded. SNX5, Sorting nexin 5. DCTN4, Dynactin 4. 
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A. Tri1FLAG mCh-TRAF7 Merge 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
B. Tri1FLAG TRAF7 IncA TRAF7-IncA Merge 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 2.2. TRAF7 is recruited to the inclusion. A. Confocal immunofluorescence 
microscopy of HeLa cells transfected with mCh-TRAF7 for 24 hrs and then infected with 
L2+pTri1FLAG for 24 hrs with or without aTc induction. Cells were fixed and stained with 
α-FLAG to visualize Tri1FLAG. Merged images show mCh-TRAF7 (pseudo-colored 
magenta), Tri1FLAG (pseudo-colored green), and DAPI (blue) staining. B.Confocal 
Immunofluorescence microscopy of HeLa cells infected with L2+pTri1FLAG for 24 hrs with 
or without aTc induction. Cells were fixed and stained with antibodies to FLAG (to detect 
Tri1), TRAF7 (pseudo-colored magenta in merge), and IncA (blue in merge, to delineate 
the inclusion membrane). The merge panel only includes TRAF7 and IncA. The small 
amount of transfected mCh-TRAF7 present at the inclusion in the absence of inducer 
likely represents recruitment by chromosomally encoded Tri1. Shown are single z-slices. 
I, inclusion. N, nucleus. Scale bar = 10 µm. Cell outlines are included for clarity. 
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Figure 2. 3. The coiled-coil domain of Tri1 interacts with TRAF7. A. Schematic of 
Strep-tagged Tri1 variants. Variants that interact with TRAF7 are indicated with a + sign 
and variants that don’t interact are indicated with a”-“ sign. B. Lysates and eluates from 
affinity purifications of HEK293T cells co-transfected with the indicated Tri1-Strep or 
Strep-sfGFP-tagged variants (indicated with *) and with FLAG-TRAF7 and 
immunoblotted with the indicated antibodies. Control condition in which cells are 
transfected only with FLAG-TRAF7 is designated “-.” GAPDH serves as a loading control 
for the lysates. Only Tri1 variants containing a complete coiled-coil domain (Tri1- Strep, 
Tri1- Strep-sfGFP and Tri184-147- Strep-sfGFP) co-AP’d with TRAF7. 
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Figure 2. 4. The WD40 of TRAF7 is necessary and sufficient to interact with Tri1. 
A. Schematic of TRAF7 constructs. Zn, zinc. CC, coiled-coil. RING, RING finger 
ubiquitin ligase domain. Variants that interact with TRAF7 are indicated with a + sign 
and variants that don’t interact are indicated with a”-“ sign. B. Lysates and eluates of 
HEK293T cells co-transfected with Tri1-Strep and the indicated FLAG-TRAF7 variants 
(“-” indicates the control with no TRAF7 added) were affinity purified with Strep-Tactin 
beads and immunoblotted with the indicated antibodies. GAPDH serves as a loading 
control for lysates. Only variants containing the WD40 domain of TRAF7 co-affinity 
purified with Tri1. The slower migrating band present in some of the TRAF7 samples 
likely represents stable dimers. C. Confocal Immunofluorescence microscopy of HeLa 
cells transfected with the indicated mCh-TRAF7 variants for 24 hrs followed by infection 
L2+pTri1FLAG in the presence of aTc for 24 hrs. Cells were fixed and stained with α- 
FLAG and DAPI and imaged by confocal microscopy. Cell membranes are outlined. 
Shown are single z-slices. Scale bar = 10 µm. I, inclusion. N, nucleus. 
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Figure 2.5. Tri1 displaces MEKK2 and MEKK3 binding to TRAF7. A. Schematic of 
displacement AP-MS analysis with a potential displaced TRAF7 native interactor 
represented by “X.” B. HEK293T cells co-transfected with FLAG-TRAF7WD40 (bait) and 
either Tri11-128-Strep or Tri1-Strep. Lysates were affinity purified over FLAG beads and 
analyzed by LC/MS-MS. Shown are the average spectral counts from 3 biological 
replicates, SAINT scores and Bayesian False Discovery Rate (BFDR) of selected 
TRAF7WD40 interacting partners in the presence of Tri11-128-Strep or Tri1-Strep. SAINT 
scores closer to 1 with a BFDR ≤0.05 suggest a high confidence interaction. Tri1 
displaces MEKK2 binding to TRAF7WD40 but not to TCPD, TCPG, or DNJA2. C, D, E. 
Validation of Tri1-mediated displacement of MEKK2 and MEKK3 binding to the TRAF7 
WD40 domain by co-transfection studies. HEK293T cells were co-transfected with either 
Tri1-Strep or Tri184-147- Strep (C,D,E), FLAG-TRAF7WD40 (C, E), FLAG-TRAF7 (D), and 
Myc-MEKK3 (E). Cells only transfected with FLAG-TRAF7WD40 (C,E) and FLAG-TRAF7 
(D) were designated “-” and served as a control. Lysates were affinity purified using FLAG 
beads and analyzed by immunoblot with the indicated antibodies. GAPDH serves as a 
loading control for the lysates. Full length Tri1, but not Tri11-128, disrupts TRAF7 binding 
to MEKK2 and to MEKK3. 
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Bait Condition Prey Avg. Spectral Counts SAINT BFDR 
TRAF7WD40 Tri11-128 MEKK2 7.7 1.0 0.00 
TRAF7WD40 Tri1 MEKK2 0.0 0.0 0.58 
TRAF7WD40 Tri11-128 TCPD 18.0 1.0 0.00 
TRAF7WD40 Tri1 TCPD 19.7 1.0 0.00 
TRAF7WD40 Tri11-128 TCPG 30.3 1.0 0.00 
TRAF7WD40 Tri1 TCPG 30.7 1.0 0.00 
TRAF7WD40 Tri11-128 DNJA2 7.0 1.0 0.00 
TRAF7WD40 Tri1 DNJA2 8.3 1.0 0.00 
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Figure S2. 1. Alignment of Tri1 from L2 serovar D. A. Clustal alignment(61) of Tri1 
from C. trachomatis serovars D and L2. Key: * , identical residues. :, highly conserved 
residues, ., weakly conserved residues. 
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Figure S2.2. TRAF7 antibody detects endogenous TRAF7 and ectopically 
expressed TRAF7. A. Lysates prepared from a HeLa cell line that only expresses 
TRAF7 isoform 2 (see materials and methods) that were either untransfected or 
transfected with FLAG-TRAF7 were immunoblotted with the indicated antibodies. 
Antibodies to FLAG and TRAF7 detect similar sized proteins in the transfected lysates, 
which correspond with the predicted size of FLAG-TRAF7 (~78 kDa). The faster migrating 
band seen in the immunoblots probed with anti-TRAF7 represents endogenous TRAF7 
isoform 2 (~67 kDa). GAPDH serves as a loading control. B. Hela cells that were 
transfected with mCh-TRAF7 for 24 hrs were fixed and stained with anti- TRAF7 and 
DAPI and imaged by fluorescence confocal microscopy. B. Endogenous TRAF7 localizes 
to both the nucleus and cytosol. Cell membrane is outlined. Shown are Single z-slices. 
Scale bar = 10 µm. 
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CHAPTER 3 TRI1 ALTERS TRAF7 PROTEIN-PROTEIN INTERACTIONS 
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SUMMARY 

We previously determined that Tri1 binds to the WD40 domain of TRAF7. This 

was interesting to us because this domain is known to form protein scaffolds in other 

proteins and has documented binding partners in the case of TRAF7. We thus wanted 

to test whether Tri1 through its interaction with TRAF7 can alter TRAF7 protein-protein 

interactions. We conducted quantitative AP-MS of transfected FLAG-TRAF7 and Tri1- 

Strep (either full-length (FL) or a non-TRAF7-binding variant in which the C-terminus is 

truncated) to discover host proteins whose binding to the TRAF7 WD40 domain is 

altered by Tri1 binding. Interestingly, we observed that Tri1 could both disrupt native 

TRAF7 interactions and promote novel TRAF7 protein-protein interactions. We overlaid 

the class of host proteins whose binding to TRAF7 increased in the presence of FL but 

not truncated Tri1 with predicted high confidence host protein interactors with Tri1 during 

C. trachomatis infection. We identified at least two classes of host proteins common to 

both data sets. We validated the prediction that one of these proteins, the nuclear 

importer protein IPO5, is recruited to the inclusion in a Tri1-dependent manner. Our 

analysis suggests that Tri1 may alter TRAF7-dependent signaling, both by disrupting 

native TRA7 protein interactions such as MEKK2 and MEKK3, as well as by promoting 

new TRAF7 protein interactions with nuclear importer and exporter proteins. 
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INTRODUCTION 

TRAF7 is a unique member of the tumor necrosis receptor associated factor (TRAF) 

family of proteins. Like many of the TRAFs, it encodes several protein domains, including 

a zinc finger domain, coiled-coil domain, and a RING finger domain, which is responsible 

for its ubiquitin ligase activity. Unlike the other TRAFs, TRAF7 encodes 7 WD40 repeats, 

which comprise its WD40 domain, at its C-terminus in place of a TRAF domain(1). The 

presence of this WD40 domain, a known protein scaffold domain(2), suggests that TRAF7 

may participate in several protein-protein interactions. Indeed, TRAF7 was shown to 

interact with the mitogen activated kinase kinase kinase MEKK3 through its WD40 

domain(3–5). However, the full range of TRAF7 protein-protein interactions remains to be 

revealed. 

Our previous work (Chapter 2) demonstrated that the C. trachomatis Inc Tri1 can 

disrupt the interaction between TRAF7 and two of its native binding partners (MEKK2 and 

MEKK3). We expand on these observations by presenting a more comprehensive 

analysis of Tri1-dependent TRAF7 interactions identified using AP-MS of TRAF7 in the 

presence of Tri1 or a non-TRAF7-binding Tri1 variant (Tri11-128). Additionally, we 

compared this dataset to the Tri1FLAG infection interactome (previously described in 

Chapter 2) and identified proteins common to both datasets, including the nuclear 

transport protein IPO5, which are of interest for future study(6). Through this approach, 

we determined that Tri1 may promote novel protein-protein interactions in addition to 

disrupting native TRAF7 interactions. Overall, this work highlights the potential role of 

Tri1 in modulating TRAF7 binding. 
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RESULTS 

In preliminary experiments, we determined that Tri1-GFP (a Chlamydia serovar D 

construct expressing only the C-terminus which was a gift from the Valdivia lab) and 

mCh-TRAF7 co-localize during transfection (Fig 3.1). During transfection, TRAF7 

localized to the nucleus, cytosol, and to puncta as previously reported (3, 7, 8). This was 

most clear in the case of full length TRAF7, which appears to localize to punctate 

structures within cells (Fig 3.1). In contrast, the WD40 domain of TRAF7 exhibited a more 

diffuse localization, appearing evenly spread out through the nucleus and cytosol. 

To determine whether TRAF7 protein interactions are altered by Tri1, we 

performed AP-MS of transfected FLAG-TRAF7 (either full-length (FL) or the WD40 

domain) in the presence of transfected Tri1-Strep or Tri11-128-Strep (the latter fails to bind 

either TRAF7FL or TRAF7WD40) (Fig. 3.2). We compared spectral counts for all TRAF7-

binding proteins identified and computed a Log2 fold-change (Log2FC) for the following 

conditions (i) TRAF7FL + Tri1 vs TRAF7+ Tri11-128 and (ii) TRAF7WD40 + Tri1 and 

TRAF7WD40 + Tri11-128. Positive Log2FC values > 0.4 defined host proteins whose 

interactions with TRAF7FL or TRAF7WD40 was dependent upon the ability of Tri1 to bind 

to the TRAF7FL or TRAF7WD40, respectively. This class of proteins may represent new 

TRAF7 interactions facilitated by Tri1. Negative Log2FC values of < -0.4 defined host 

proteins whose interactions with TRAF7FL or TRAF7WD40 was disrupted upon the ability 

of Tri1 to bind to the TRAF7FL or TRAF7WD40, respectively. This class of proteins defines 

native TRAF7 interactors that may be displaced by Tri1 (Fig 3.2). Only Log2FC values 

with a p value less than or equal to 0.05 were considered in this analysis. A comparison 
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of the types of interactions found revealed that most of the interactions identified were 

enhanced interactions as opposed to disrupted (Fig. 3.2 G, H). 

To further validate the class of host proteins whose interaction with TRAF7 was 

enhanced by Tri1, we compared the set of Tri1-enhanced proteins common to both 

TRAF7FL and TRAF7WD40 with host proteins that co-affinity purified with FLAG-Tri1 

expressing C. trachomatis-infected HeLa cells (“infection interactome”). A comparison of 

these datasets revealed 79 proteins that were unique to the TRAF7 dataset and 44 that 

were unique to the Tri1 infection dataset. Importantly, this analysis identified 8 proteins 

present in both the Tri1-dependent TRAF7 FL and TRAF7 WD40 data sets AND the Tri1-

infection interactome, of which 7 are involved in protein transport. The eighth candidate 

protein, CAND1, is of interest because it is known to associate with E3 ligases to 

modulate their function(9, 10) and it was additionally identified as a potential TRAF7 

binding partner by our collaborators David Solomon and Meredith Stevers. If Tri1 

enhances the interaction of one or more of these eight proteins with TRAF7, we predict 

that these proteins should be recruited to the inclusion in a Tri1- and TRAF7- dependent 

manner. In preliminary experiments, we tested this hypothesis by examining the 

localization of the nuclear importer IPO5. (Fig 3.3 D,E). HeLa cells were transfected with 

fluorescently-tagged IPO5 (mIFP-IPO5) and infected with C. trachomatis expressing 

Tri1FLAG from a plasmid. We found that IPO5 was recruited to the inclusion in a Tri1-

dependent manner (Fig 3.4). 
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TRI1-GFP mCh-TRAF7 Merge 
 
 
 
 
 
 
 
 
 
 
 

 
 

Figure 3. 1. Tri1 and TRAF7 co-localize at puncta during transfection. Confocal 
Immunofluorescence microscopy of HeLa cells transfected which were either individually 
transfected with Tri1-GFP (a C-terminal construct lacking transmembrane domains, top 
panels), mCh-TRAF7 (middle panels), or co-transfected with mCh-TRAF7 and Tri1-GFP 
for 24 hours. Cells were fixed and stained with DAPI and imaged by confocal microscopy. 
Tri1 is shown in green and mCh-TRAF7 in magenta (pseudocolored). Tri1-GFP localized 
to puncta in the absence and presence of mCh- TRAF7 transfection. During co-
transfection, Tri1-GFP and mCh-TRAF7 co-localize at puncta. Cell membranes are 
outlined. Shown are single z-slices. Scale bar = 10 µm. I, inclusion. N, nucleus. 
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Figure 3. 2. Tri1 is predicted to modulate TRAF7 protein-protein interactions. A. 
Schematic of how Tri1 might displace (left cartoon) or enhance (right cartoon) binding of 
proteins to TRAF7 (figure continued on next page). 

Y TRAF7 

Category # Interactors 

Enhanced in WD40 condition (but 
not FL TRAF7) 
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Disrupted in WD40 (but not FL 
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Enhanced in both 17 

Disrupted in both 8 
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16 
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WD40) 

1 

Enhanced in WD40, disrupted in FL 
TRAF7 
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(Figure continued from previous page) C-F. Volcano plots of data from AP-MS analysis 
of the following: changes in peptide abundance (Log2FC) between (i) TRAF7 FL + Tri1 
and TRAF7+ Tri11-128 and (ii) TRAF7 WD40 + Tri1 and TRAF7 WD40+ Tri11-128 
were used to identify enhanced and disrupted interactors. Log2FC values greater than 
or equal to 0.4 are “enhanced” while those with values less than or equal to -0.4 are 
“disrupted.” Each dot represents an individual protein and is colored according to 
whether it is predicted to be enhanced or disrupted in the presence of Tri1 (see color 
key in B). Dotted horizontal line represents a p value of 0.05 for the Log2FC and is the 
significance cut-off. C and D correspond to FL TRAF7 interactors while E and F 
correspond to TRAF7 WD40 interactors. G. Plot of Log2FC of TRAF7 FL vs. TRAF7 
WD40 altered proteins (see color key and numbers in H). 
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Figure 3. 3. Tri1 is predicted to promote TRAF7 interactions with transporter 
proteins during infection. A. Comparison of enhanced Tri1-dependent TRAF7 
interactions during transfection and Tri1FLAG infection interactors. B. STRING analysis of 
shared interactors in A reveals many of these proteins are involved in protein transport 
and may form complexes. IPO5 (boxed was selected for further analysis). D and E. 
Volcano plots of TRAF7 AP-MS data with IPO5 boxed. 
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IPO5 TRAF7 Merge 
 

 

 
Figure 3. 4. IPO5 is recruited to the inclusion in a Tri1-dependent manner. 
HeLa cells were transfected with mIFP-IPO5 (green) and mCh-TRAF7 (magenta) for 24 
hrs prior to infection with L2 +pTri1FLAG in the presence (+aTc) or absence (-aTc) of 
inducer. Cells were fixed and stained with DAPI (blue) and imaged by confocal 
microscopy. Shown are single z-slices. The outline of the HeLa is shown for clarity. 
Cells of interest are outlined. Nuclei are in blue, TRAF7 is in magenta, and bacteria are 
in yellow. Scale bar = 10 µm. 
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DISCUSSION 

Our analysis of the Tri1-dependent TRAF7 interactome reveals that Tri1 

modulates TRAF7 protein-protein interactions by both disrupting native interactions and 

promoting novel complexes. Of the types of interactions identified, most were enhanced 

interactions as opposed to disrupted interactions, which suggests that Tri1 may promote 

novel TRAF7 functions during infection. We also detected many more enhanced 

interactions in the WD40 dataset compared to the full-length TRAF7 dataset. One 

explanation for this could be that full length TRAF7, according to microscopy 

observations, is more likely to form large aggregates. This may be due to the presence 

of a coiled-coil domain, which is necessary for TRAF7 oligomerization(3, 11). In contrast, 

the TRAF7 WD40 construct, which lacks this coiled-coil domain, does not aggregate and 

instead has diffuse localization throughout the cytosol and nucleus. This domain may 

thus have greater access to different proteins within the cell. 

Additionally, we were excited to find overlap between this Tri1-dependent TRAF7 

interactome dataset and the Tri1FLAG infection interactome dataset. Because some of 

these interactions have not previously been observed for TRAF7, this overlap lends 

greater support to their relevance to infection. We found several nuclear import proteins 

in this dataset, including protein IPO5, which we confirmed can recruited to the inclusion 

during infection. Additionally, the inclusion of the predicted enhanced interactor CAND1, 

a protein with roles in ubiquitin ligase activity(9, 12), in both datasets could indicate that 

Tri1 may alter TRAF7 ubiquitin ligase activity. Overall, we found that Tri1 may alter 

TRAF7 protein-protein interactions to both inhibit current TRAF7 functions and promote 
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novel functions. These studies may pave the way for uncovering novel functions of 

TRAF7. 

 
 

MATERIALS AND METHODS 

AP-MS 

Methods to corresponding to AP-MS analysis are described in Chapter 2. 
 

Fluorescence microscopy 
 

Cells were seeded on coverslips, transfected using Effectene reagent, infected 

and fixed at 24 hpi and subsequently imaged at by confocal microscopy as described in 

Chapter 2. 
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CHAPTER 4 SELECT SIGNALING PATHWAYS ARE DEPENDENT ON TRI1 

EXPRESSION DURING INFECTION 
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INTRODUCTION 
 

TRAF7 is involved in several signaling pathways which may be relevant for 

Chlamydia infection, such NF-kB, JNK, and type I Interferon signaling(1–5). Additionally, 

our AP-MS analysis of Tri1 and TRAF7 during transfection suggest that Tri1 modulates 

the interaction between TRAF7 and several interactors by both displacing native 

interactors and by promoting novel TRAF7 protein-protein interactions (Chapters 2 and 

3). To determine host cell pathways that may be affected by the Inc Tri1, we performed 

transcriptomics on A2EN cells infected with strains of C. trachomatis L2 in which Tri1 was 

conditionally depleted by CRISPRi. 
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RESULTS 
 

To determine whether host gene expression was altered by Tri1, we infected 

A2EN cells for 24 hrs with strains of L2 in which Tri1 transcription is conditionally 

inhibited by CRISPRi. Specifically, we used L2 strains that had been previously 

transformed with a plasmid expressing Cas12 under the control of an aTc-inducible 

promoter and either expressing a constitutively expressed guide RNA targeting Tri1 or 

no guide RNA (a kind gift from Scot Ouellette, Elizabeth Rucks, and Natalie Sturd(6)). 

Uninfected cells (termed “mock infected”) served as an additional control. In all 

conditions cells were treated with aTc to induce Cas12 expression. 

As it has previously been reported that Cas12 expression resulted in variability in 

progeny production, we first titrated aTc levels to optimize Cas12 expression while 

minimizing potential toxic effects of Cas12 (Figure 4.1A,B)(7). Having optimized these 

conditions, we next assessed whether Tri1 was depleted in A2EN cells infected with L2 

expressing the CRISPRi vector containing inducible Cas12 and the Tri1 gRNA compared 

to A2EN cells infected with L2 expressing the CRISPRi-Cas12 vector without any gRNA. 

As we do not have an antibody that recognizes endogenous Tri1, we assessed Tri1 

depletion by quantitative RT-PCR (qRT-PCR) of cells at 24 hours post infection. We found 

that depletion was successful, resulting in 95% Tri1 transcript reduction when targeted 

by CRIPSRi (Figure 4.1C). We thus used the conditions of 0.5 nM aTc induction and 24 

hpi for infection. Initial RNAseq analysis confirmed that no Tri1 transcripts were detected 

in the CRISPRi-targeted condition while transcripts were detected in the control CRISPRi 

infection condition. Additionally, RNAseq analysis did not identify individual host genes 

whose expression was significantly differentially expressed between cells expressing the
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Tri1 CRISPRi and control CRISPRi datasets. However, gene set enrichment analysis 

(GSEA) revealed that six pathways were differentially expressed between the two 

conditions. Three pathways (androgen response, UV response, and interferon gamma 

response) were upregulated and three pathways were downregulated (apical junction, 

Myc targets V1, Myc targets and V2). 
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Figure 4. 1. Optimization of RNAseq conditions. Progeny assay results for C. 
trachomatis CRISPRi strain expressing inducible Cas12 under high (A) and low (B) aTc 
induction conditions. C. Results from qRT-PCR analysis of A2EN cells infected with either 
the control CRISPRi strain (expressing inducible Cas12 but no guide) or the Tri1 targeting 
CRISPRi strain at 24 hpi with 1 nM aTc for induction showed a 95% reduction of Tri1 
transcript levels (relative to the Chlamydia gene GroEL to control for genome copy 
number) in the Tri1 targeting conditions. 
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Figure 4. 2. GSEA of RNAseq results identifies Tri1-dependent pathways during 
infection. A. Volcano plot of genes significantly upregulated (red) or downregulated(blue) 
during infection with control CRISPRi strain infection (no guide RNA, figure continued on 
next page) 
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(figure continued from previous page) compared to mock infected cells. B. Gene set 
enrichment analysis (GSEA) comparison of control CRISPRi infection and mock 
infection reveals several pathways that are significantly altered upon Chlamydia 
infection. Red = upregulated upon infection. Blue = downregulated upon infection. C. 
GSEA of control CRISPRi and Tri CRIPSRi infections identified 6 pathways that were 
dependent upon Tri1 expression. Green = upregulated during Tri1 depletion. Red = 
downregulated in the presence of endogenous Tri levels. 

 

 
DISCUSSION 

 
We initially predicted that Tri1 depletion would have significant consequences for 

cell signaling that would be noticeable by transcriptomic analysis. This was partly due to 

our previous findings that Tri1 can alter TRAF7 protein-protein interactions. However, we 

found that no transcripts were significantly altered in a Tri1-dependent manner. 

Additional analysis through GSEA, a method developed to observe subtle 

transcriptional changes in datasets, revealed that multiple signaling pathways may be 

dependent on Tri1 expression. This result suggests that the effect of Tri1 on TRAF7 

signaling during infection may be a subtle change. 
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MATERIALS AND METHODS 

Cell culture 
 

A2EN cells were obtained from American Type Culture Collection (ATCC) and 

cultured and maintained in Keratinocyte Media (Gibco) supplemented with 50 µg/mL 

Bovine Pituitary Extract (Gibco), 0.5 ng/mL Human Recombinant EGF (Gibco), and 10% 

(v/v) FBS at 37ºC in 5% CO2. 

 
RNAseq methods 

 
A2EN cells were seeded at 1.2x 106 cells per well in 2 ml of keratinocyte media + 

10% FBS in a 6-well plate, incubated overnight at 37 C and 5 % CO2. One well of a 6- 

well plate was used for each condition (mock infected, Tri1 CRISPRi C. trachomatis L2 

infected, control CRISPRi C. trachomatis L2 infected). 5 replicates were used per 

condition and duplicate wells were also seeded for each condition for later qRT-PCR 

validation of Tri1 KD. Cells were infected at an MOI of 1 by centrifugation at 1000 rpm 

for 30 min at 4 C prior to incubation at 37 C and 5 % CO2 for 1.5 hrs. After the incubation, 

the infection media was removed and replaced with fresh media containing 1 nM aTc. At 

24 hpi, cells were washed once with 1 mL PBS and either pelleted for RT- PCR analysis 

or lysed for RNAseq analysis. RNA isolation from pelleted cells was conducted using a 

Bio-Rad Aurum RT-PCR kit. RNA was then used to conduct one-step qRT-PCR using a 

Quant-X One-Step qRT-PCR TB Green Kit (Takara) using primers to Tri1 (forward 

primer: 5’ CTTGCGCTCGGTATTCTTAGT 3’, reverse primer 5’ 

CAGGGTAACCACTACGTCAATC 3’) or the C. trachomatis gene GroEL 
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(forward primer: 5’ CGGCCGTCCTCTTCTTATTATAG 3’, reverse primer 5’ 

GGAGCTTTAACTGCGCAAAC 3’) as a genome control. 

Cell lysis was performed on ice with 500 µL of Zymo DNA/RNA Shield (1X final in 

RNAse free water), scraped, and transferred to microcentrifuge tubes. Lysate samples 

for RNAseq were then flash frozen and stored at -80 C for future processing. Lysate 

processing for RNAseq analysis was performed as previously described: “RNA was 

extracted from infected cells using the Zymo Pathogen Magbead Kit according to 

manufacturer’s instructions. Following DNase treatment, human cytosolic and 

mitochondrial ribosomal DNA was depleted using FastSelect (Qiagen). RNA was then 

fragmented and underwent library preparing using the NEBNext Ultra II RNA-seq Kit 

(New England Biolabs). Libraries underwent paired-end sequencing on an Illumina 

NovaseqX. Differential expression analysis was performed in R (v.4.3.2) using the 

package limma-voom1 (v3.58.1). Significant genes were identified using a Benjamini- 

Hochberg false discovery rate (FDR) < 0.1. Gene set enrichment analysis (GSEA) was 

performed using the package fgsea (v1.28.0), and the Hallmark pathways were obtained 

from the package msigdbr (v7.5.1). The t-statistics (obtained from limma’s differential 

expression analysis) were used to rank all genes and used as input for the 

fgseaMultilevel function (minSize =15, maxSize = 500). Pathways with adjusted P-value 

below 0.05 were considered statistically significant (8).” 
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Progeny assays 
 

For experiments assaying production of infectious progeny, primary infectious 

were performed at an MOI of 1 in A2EN cells using the infection protocol described 

above and with varying amounts of aTc to induce Cas12 expression for initial aTc 

titration tests. Infected A2EN cells were osmotically lysed in ddH2O at 48 hpi for 

secondary infections. Secondary infections were conducted by infecting HeLa cells with 

10-fold serial dilutions of primary infection harvests. Cells were infected as previously 

described, but after the removal of infection media, fresh media containing 1mg/mL 

Heparin (Sigma) was added to cells. At 24 hpi cells were fixed in 4% PFA in PBS for 15 

minutes at room temperature and then permeabilized in 0.2% Triton X-100 in PBS for 

15 minutes at room temperature. Cells were blocked in PBS containing 1% BSA for 1 

hour and then stained with indicated primary and fluorophore-conjugated secondary 

antibodies in 1% BSA for 1 hour each. Coverslips were mounted on Vectashield 

mounting media with or without DAPI (Vector Laboratories) and imaged on laser 

scanning disc confocal microscope. Progeny production was then calculated after 

counting inclusion formation using FIJI software. 
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CHAPTER 5 CONCLUSIONS 
 

In this work we employed proteomics, genetics, biochemistry, and confocal 

microscopy to evaluate the interaction between the C. trachomatis effector Tri1 and the 

host ubiquitin ligase TRAF7 during infection (Chapter 2). After identifying the regions 

responsible for this interaction and determining that Tri1 interacts with the TRAF7 WD40 

domain, a known protein scaffolding domain, we decided to test whether Tri1 could alter 

TRAF7 protein-protein interactions. We hypothesized that Tri1 binding to TRAF7 could 

disrupt native TRAF7 protein-protein interactions, enhance existing interactions, or 

promote the formation of novel complexes. We tested these models using AP-MS and 

determined that Tri1 can both disrupt native TRAF7 interactions and promote novel 

interactions (Chapters 2 and 3). Our additional work on the predicted TRAF7 interactors 

confirmed that Tri1 can displace the native TRAF7 interactors MEKK2 and MEKK3 and 

that it can promote IPO5 localization at the inclusion (Chapters 2 and 3). Additionally, we 

used RNAseq analysis of cells infected with a C. trachomatis strain which allows for 

CRISPRi-mediated depletion of Tri1 to generate hypotheses about the role of the Tri1- 

TRAF7 complex during infection. We found that although no specific genes were 

significantly altered in a Tri1-dependent manner in cultured cells at 24 hpi, gene set 

enrichment analysis revealed that some pathways were significantly upregulated or 

downregulated upon Tri1 depletion (Chapter 4). Together, these results suggest that Tri1 

can alter TRAF7 protein-protein interactions and potentially cell signaling. 

Future work to further characterize the role of the Tri1-TRAF7 complex during 

infection will involve continued analysis of the several predicted Tri1-dependent TRAF7 

protein-protein interactions. Of particular interest are the many interactions that are 
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promoted by Tri1, since they comprised a larger portion of the data and they could allow 

for the identification of novel TRAF7 functions. Future experiments will also be conducted 

to determine the effects of Tri1 displacement of MEKK2 and MEKK3 on TRAF7-

dependent signaling. Because TRAF7 and MEKK2/3 can modulate several signaling 

pathways, the Tri1 RNAseq results can be used to guide which pathways to prioritize. 

Finally, to obtain a more complete picture of the role of TRAF7-Tri1 during infection, 

future studies should be conducted to measure changes in TRAF7 ubiquitin ligase 

activity during infection. 

Overall, this thesis contributes to the growing body of work suggesting the 

important roles of Incs during Chlamydia infection. We present a biochemical 

characterization of the Tri1-TRAF7 interaction, which will be crucial to fully uncover its 

role in C. trachomatis survival and may pave the way for a more complete understanding 

of TRAF7 in cell signaling. 
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