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Registration
Opening Remarks

I: Bacterial communities
Stephanie
1:00 pm
Shames
1:20 pm

Tahoura Samad

1:40 pm

Rajita Menon

2:00 pm

Silvio Brugger

2:20 pm

Chair: Matthew Ramsey
High-throughput analysis of targeted mutant libraries reveals new
Legionella pneumophila effector virulence phenotypes
Microbial hitchhiking promotes dispersal and colonization of new niches
by staphylococci
Interactions between species introduce spurious associations in
microbiome studies: evidence from inflammatory bowel disease
The upper respiratory tract commensal Dolosigranulum pigrum inhibits
Staphylococcus aureus
Coffee Break
Chair: Eddie Geisinger

II: Morphogenesis
2:50 pm

Yingjie Sun

3:10 pm

Irnov Irnov

3:30 pm

Joseph Conti

3:50 pm

Kristin Little

4:10 pm

Poster Session I - Science Center (#1-32, 60-66)

III: Treatment strategies
Sebastien
5:30 pm
Lemire
5:50 pm
Jimmy Patel
6:10 pm

Determining how bacteria regulate their rate of growth at the singlemolecule and single-cell levels by super-resolution microscopy
Metabolic control of cell morphogenesis: perturbed TCA cycle halts
peptidoglycan biosynthesis
Membrane remodeling at the division septum by the bacterial actin
homolog FtsA
A cell envelope stress response system keeps cells in shape

Jason Yang

6:30-8:30 PM

Chair: Alex Kostic
BRACE for resistance: teaching phages to think ahead.
Novel Chemical Tools to Combat Drug-Resistant S. aureus Infection
Systems Analysis Identifies Metabolic Components to Antibiotic
Susceptibility and Tolerance
Reception
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IV: Gene expression
Kathleen
9:00 am
Fleming
9:20 am

Tracy Kambara

9:40 am

Aditya Bandekar

10:00 am
V: Metabolism
11:20 am

Emilio Bueno

11:40 am

David Cameron

12:00 am

Jen Greenwich

12:20 pm
2:00 pm

Daria Van Tyne

2:20 pm

Nicole Vega

3:00 pm

Chair: Alexandra Deaconescu
A clock-phased sigma factor cascade times global circadian
transcriptional rhythms in cyanobacteria
Pervasive targeting of nascent transcripts by the RNA chaperone Hfq in
Pseudomonas aeruginosa
Transcriptome analysis of synchronously replicating Mycobacterium
tuberculosis yields novel insights into the interplay between cell cycle
progression and physiology
Poster Session II - Plaza Tent (#33-59, 67-123)
Chair: Robert Brucker
Nitrate respiration provides pH dependent fitness and persistence in
Vibrio cholerae
Genetic analysis of persister formation in Pseudomonas aeruginosa
The Interplay Between the Regulation of Serine Metabolism and Biofilm
Formation in Bacillus subtilis
Lunch (Breakout Sessions begin at 12:45)

VI: Ecology and evolution

2:40 pm

Morning Coffee

Jean-Benoit
Lalanne
Leonora
Bittleston

3:20 pm
VII: Stress responses
Meghan
3:50 pm
Ramsey
4:10 pm

Caroline Qin

4:30 pm

Diego Vargas
Blanco

Chair: Katja Taute
Changes in antibiotic use drive enterococcal evolution during an extended
hospital outbreak
Ecology of bacterial community assembly in a C. elegans host model
Convergent protein expression stoichiometry in divergent bacteria
Convergence in the microbiomes of natural plant-associated microcosms
on different continents
Coffee Break
Chair: Jeremy Rock
BB0017 is required for virulence and resistance to oxidative stress in the
Lyme disease bacterium Borrelia burgdorferi
Factors that modulate RecA localization to replication forks with and
without UV radiation.
Regulation of mRNA stability in mycobacteria as an adaptive response to
stress conditions

4:50 pm

Coffee Break

5:10 pm

Keynote Address: Susan Gottesman
Reception

6:20 - 8:00 PM

Please silence your mobile devices before entering the lecture hall and breakout sessions.
Recording or photography of oral or poster presentations is prohibited.
Please keep your name badge on at all times during the meeting.
Room 111 is available as a mothers' room.
A portion of the funding for this year’s conference was made possible by grant R13AI131601 from the
National Institute of Allergy and Infectious Diseases. The views expressed in written conference materials or
publications and by speakers and moderators do not necessarily reflect the official policies of the Department
of Health and Human Services; nor does mention of trade names, commercial practices, or organizations
imply endorsement by the U.S. Government.
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WELCOME!
Dear Participants,
On behalf of the BBM2017 Organizing Committee, we thank you for attending the 23rd Boston Bacterial
Meeting! Over the past 23 years, the BBM has offered an intellectually stimulating and collegial atmosphere
for bacteriologists throughout the New England area to discuss cutting-edge scientific research and to share
ideas. The BBM is also proud to provide a forum that fosters collaborations between researchers from all
levels, within both academia and industry.
The BBM has grown significantly since its inception. The past few years have seen record-breaking
participation from researchers both near and far. Given last year’s success and by popular demand we have
brought back the interactive break out sessions lead by leaders in several fields within microbiology. This
year we are also excited about the launching of our new website www.bostonbacterial.org. Although the
BBM has undergone many changes over the last 23 years, one crucial element has remained consistent: our
commitment to the highest quality research. This is particularly evident in the 24 talks and over 120 posters
that will be presented at this year’s meeting.
This year we are excited to feature Dr. Susan Gottesman as our Keynote Speaker. Dr. Gottesman is an NIH
Distinguished Investigator, Head of the Biochemical Genetics Section at the National Cancer Institute, which
is part of the National Institutes of Health (NIH). Dr. Gottesman has pioneered studies on post-transcriptional
mechanisms of regulation in bacterial systems, with a focus on the role of energy-dependent proteolysis in
regulation and the role of small non-coding RNAs in regulating translation and mRNA stability. Dr.
Gottesman is a member of the National Academy of Sciences and the American Academy of Arts and
Sciences. She received the Abbott-ASM Lifetime Achievement Award in 2011.
The BBM would not be possible without the efforts of the Organizing Committee, a highly motivated and
enthusiastic group of graduate students and postdocs dedicated to the success of this meeting. We are also
indebted to our faculty sponsors, Tom Bernhardt and Ethan Garner, and meeting founders, Rich Losick,
Roberto Kolter, John Mekalanos, and Andrew Wright, and thank them for their continuing guidance.
Additionally, we thank our generous industry and NIH sponsors for their financial support!
Finally, we thank all of you for your participation and support of the BBM. We hope you will find the next two
days both intellectually and socially fulfilling.
Thank you for joining us!
Patty Rohs and Florencia Caro
Co-chairs, BBM2017
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KEYNOTE SPEAKER

SUSAN GOTTESMAN, PH.D.
Susan Gottesman is an NIH Distinguished
Investigator in the Biochemical Genetics Section at
the National Cancer Institute (NCI), which is part of
the National Institutes of Health (NIH).
Dr. Gottesman has pioneered studies on posttranscriptional mechanisms of regulation in bacterial
systems, with a focus on the role of energy-dependent
proteolysis in regulation and the role of small non-coding
RNAs in regulating translation and mRNA stability. One
focus of her work has been on how these regulatory inputs
affect the bacteria’s response to stress.
Her laboratory has been interested in novel mechanisms for gene
regulation and how these mechanisms contribute to global
control circuits in Escherichia coli (E. coli). For many years, the
focus of the laboratory was energy-dependent proteolysis. In the
past decade, much of the lab has shifted to studying small
regulatory RNAs, although they continue to investigate the
mechanisms for regulating energy-dependent proteolysis. Her group first encountered small RNAs when
studying the regulation of synthesis of a substrate for energy-dependent proteases. They continue to see
significant overlap between mRNAs regulated by small RNAs and the products of these mRNAs that are
regulated by proteolysis.
Dr. Gottesman received her Ph.D. from the Department of Microbiology at Harvard University and became a
postdoctoral fellow at the NIH. She then went to the Massachusetts Institute of Technology (MIT) as a
research associate and returned to the NIH in 1976 as a senior investigator in the Laboratory of Molecular
Biology, where she has remained. She was elected to the National Academy of Sciences in 1998 and the
American Academy of Arts and Sciences in 1999. She received the Abbott-ASM Lifetime Achievement
Award in 2011.

This profile information was adapted from the NIH

https://ccr.cancer.gov/Laboratory-of-Molecular-

Biology/susan-gottesman
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NEW MEMBERS OF THE ACADEMIC COMMUNITY
As part of the BBM’s goal to foster interactions and collaborations between various individuals and their
institutions, we would like to highlight the new members of our research community who have recently begun
their appointments. We encourage everyone to provide these new faculty members with a warm welcome to
our Boston-area bacteriology community!

Aleksandar D. Kostic, PhD.
Assistant professor, Department of microbiology and immunology
Harvard Medial School
The Kostic lab studies the role of the human gut micro biome in autoimmune disease,
particularly type 1 diabetes (T1D). T1D is an autoimmune disorder that results from T
cell-mediated destruction of the insulin-producing beta cells of the pancreatic islets.
Although approximately 70% of T1D cases carry predisposing HLA risk alleles, only 3–7% of children with
those alleles develop T1D, indicating a significant non-genetic component to the disease. The thesis of our
work is that the gut microbiome, the 100 trillion symbiotic bacteria that inhabit the human intestinal tract, is a
critical aspect of this non-heritable component.
We have worked towards characterizing the developing infant gut microbiome in a longitudinal, frequentlysampled, multi’omic analyses of birth cohorts at risk for T1D. We found that there is a dramatic shift in the
composition of the gut microbiome beginning one year prior to clinical diagnosis of T1D, consisting of an
overrepresentation in the gut of pro-inflammatory microbes along with an inflammatory metabolic signature.
This microbiota may produce a gut mucosal inflammatory stimulus that moves the systemic immune
response towards islet autoimmunity in a genetically-prone individual. We also found that prior to the
appearance of this pro-inflammatory microbiota, the gut microbiome of children at highest risk for diabetes is
dominated by the genus Bacteroides, members of which produce a unique form of lipopolysaccharide (LPS)
that we demonstrate nearly completely antagonizes TLR4. Such a microbiota may hamper immune
education in the critical early time window. This work has revealed that the balance of LPS subtypes within
the gut microbiota and their differential capacity to stimulate innate immunity via endotoxin tolerance is one
mechanism by which the human microbiome might influence immune development and progression to T1D.
The goal of our laboratory is to identify additional mechanisms by which the microbiome impacts T1D. We
are currently working to bring findings from these human studies to the germ-free non-obese diabetic (NOD)
mouse to mechanistically dissect the role of the microbiome in T1D.

Matthew M. Ramsey, PhD.
Assistant Professor, Department of Cell and Molecular Biology
University of Rhode Island
My laboratory is interested in polymicrobial interactions in the human oral
microbiome. Many oral bacteria are dependent on these multispecies interactions
for survival. Our work includes finding bacterial interactions of interest in both
health and disease and identifying the mechanisms underlying these interactions
so we can exploit them as future targets for anti- or probiotic therapy to either treat or prevent oral infections.
Our current investigations focus on interactions between healthy oral microbiota constituents in supragingival
plaque which is an attached polymicrobial community on the tooth surface above the gumline. This
community, despite being one of the more accessible human microbiome sites, still holds many mysteries.
For example, why species diversity within this microbiome exists and varies from person to person is not fully
understood. Also, how polymicrobial interactions occur at a mechanistic level through signal or metabolitemediated processes, is under investigation in our lab.
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Dr. Katja M. Taute, PhD.
Rowland Junior Fellow
The Rowland Institute at Harvard
How do bacteria swim, and why do they swim the way that they do? The Taute lab at
the Rowland Institute at Harvard aims to unravel how physics and ecology interplay in
shaping the natural selection of microbial motility strategies. In particular, we seek to
understand to what degree motility patterns are constrained by swimmer architecture
(such as flagellation patterns) and physical characteristics of the environment (such as viscosity or gel
densities), and to what degree motility patterns observed in nature represent specialized solution to particular
ecological niche problems. To this end, we develop and exploit efficient new methods for characterizing
bacterial motility at the level of populations and individuals, such as high throughput 3D tracking of swimming
bacteria (Taute et al., Nat. Commun. 2015).
Robert Brucker, Ph. D.
Rowland Junior Fellow
Rowland Institute at Harvard University
Environmental toxins, such as pesticides and heavy metals, are common in low
quantities in our food and water supplies despite regulatory efforts to control
contamination. The effects of these toxins on the environment and human health
represent a large challenge in overcoming their economic benefits. Soil and water
bacteria can utilize these toxins as part of their carbon and nitrogen source.
However, we do not know what consequences acute and long-term exposure to
environmental toxins, such as pesticides, can have on the community of microorganisms of the gut (i.e. the
microbiome). Furthermore, the metabolic processes that are utilized by bacteria can spread between
bacterial species; this can leverage a fitness advantage within groups of the gut community. Using a
tractable model insect system, genus Nasonia, we will experimentally test how environmental toxins are
metabolized by the microbiome to address the overarching questions: (i) What are the consequences of
acute and long-term exposure to toxins in the gut and how does exposure affect the functional microbiome?
(ii) How do the host genome and microbiome contribute or mitigate the toxicity of pesticides? (iii) Can the gut
microbiota be manipulated to reduce the toxicity of pesticides to the host?
Jeremy Rock, Ph.D.
Current affiliation: Fortune & Rubin labs,
Harvard School of Public Health
Upcoming appointment:
Assistant Professor, Rockefeller University
Mycobacterium tuberculosis (Mtb) is the leading cause of death due to infectious
disease. Utilizing our recently developed CRISPR-based functional genomics
platform, we will combine genome-scale forward genetics, molecular genetics, and
biochemistry to elucidate the molecular mechanisms Mtb utilizes to survive and
persist in the human host. Our long-term goal is to translate knowledge of such mechanisms for innovative
therapies that accelerate pathogen clearance and limit the evolution of drug resistance.
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Cheryl Andam, PhD.
Assistant Professor, University of New Hampshire
Cheryl P. Andam is Assistant Professor of Microbial Ecology at the University of New
Hampshire (started in August 2016). She completed her Ph.D. in Microbiology at the
University of Connecticut and was a postdoctoral fellow at Cornell University and Harvard
T. H. Chan School of Public Health. At UNH, she seeks to understand the evolutionary
processes and ecological factors that drive the diversification and adaptation of
microorganisms in various ecosystems to answer the fundamental question: What is a
prokaryotic species? Using an inter-disciplinary approach combining next-generation sequencing
(genomics), population genetics, phylogenetics and lab-based assays, she aims to identify the underlying
mechanisms that govern population-level structure and dynamics of microbes in response to environmental
perturbations and various selective pressures. She is particularly interested in the process, mechanisms and
impacts of horizontal gene transfer on the ecology, evolution and genome structure of bacteria and archaea.
She uses the antibiotic-producing Streptomyces and other Actinobacteria as a model system.
https://colsa.unh.edu/faculty/andam
Edward Geisinger, PhD.
Current appointment: Isberg Lab, Tufts University
Upcoming appointment: Assistant Professor, Northeastern University
The Geisinger laboratory will employ powerful genome-wide experimental
approaches to address major problems in our understanding of multidrugresistant, hospital-acquired infections. We will elucidate the connections between
antibiotic exposures and development of virulence in opportunistic bacteria, and
uncover novel functions intrinsic to “superbug” biology that are required for drug resistance. Focusing on the
highly problematic superbug Acinetobacter baumannii, we will use high-throughput bacterial genetics,
biochemistry, microscopy, and animal models of infection to accomplish these aims. Our research will
uncover multiple points of vulnerability in drug-resistant pathogens that can guide the development of new
therapeutic strategies to curtail their threat to public health.

Alexandra Deaconescu, PhD.
Assistant Professor, Department of Molecular Biology, Cell Biology and
Biochemistry
Brown University, Providence, Rhode Island
The overarching goal of research in the Deaconescu laboratory is to
understand at a mechanistic and structural level, the complexities of the DNA
damage response, and particularly, the interplay between DNA damage and
its repair, and transcription. The cornerstone of our methodological approach
is X-ray crystallography, but high-resolution crystallographic studies are synergistically combined with studies
using small angle X-ray scattering, electron cryo-microscopy, biochemistry and other biophysical
macromolecular characterization techniques. Currently, our work focuses on two distinct projects: (1)
mechanisms of transcription-coupled DNA repair, and (2) transcriptional reprogramming induced by stress
(including oxidative stress and DNA damage). Both of these processes address the DNA damage response
from the perspective of its repercussions on transcription.
In the first case (transcription-coupled DNA repair) we are particularly interested in how ATP-dependent
transcription-repair coupling factors are regulated by binding partners (including the transcription and DNA
repair machinery), how they may globally alter the distribution of elongating RNA polymerases found on the
chromosome, and critically, on the structural characterization of their mechanochemical cycle.
In the second case, we are focusing on the master regulator of the bacterial stress response, RpoS, which
globally redirects the transcription machinery to a subset of promoters to ensure survival under stress.
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Uniquely among stress-induced proteins, this master regulator is able to mount a response, which is global
and so profound that it is effective in even protecting from stress signals not yet encountered. We aim to
develop an atomic-level understanding of RpoS regulation, with direct implications for virulence and biofilm
formation.
Dr. Roger S. Greenwell, Jr.
Current affiliation: Worcester State University
Assistant Professor of Biology
Co-Coordinator, Undergraduate Biotechnology Program
My research is focused on microbial interactions between soil bacteria, largely
focused on how interactions cause Streptomyces coelicolor to alter its life cycle
development and antibiotic production. We also investigate the mechanisms and
signals that trigger S. coelicolor to transition through its life cycle, particularly in the
transition from vegetative to aerial hyphae.
Kim Davis
Current position: Post-doctoral Fellow, Laboratory of Ralph Isberg,
Department of Molecular Biology & Microbiology,
Tufts University School of Medicine
Future position: Assistant Professor, W. Harry Feinstone Department of
Molecular Microbiology & Immunology,
Johns Hopkins Bloomberg School of Public Health
It has been known for decades that bacterial populations are heterogeneous, and
that subpopulations of bacteria may express distinct transcriptional profiles. My
studies have focused on the spatial control of bacterial gene expression during
growth in the spleen, which have uncovered an unexpected level of heterogeneity in
Y. pseudotuberculosis gene expression. Y. pseudotuberculosis replicates to form clustered microcolonies,
where the most peripherally-localized bacteria are in direct contact with host cells, and interior bacteria only
contact other bacteria, resulting in distinct microenvironments within a single site of replication. Using
fluorescent transcriptional reporters to detect gene expression in individual bacteria, I showed that peripheral
bacteria simultaneously respond to nitrogen stress and host cell contact, resulting in nitric oxide
detoxification and inhibition of neutrophil phagocytosis. My studies using genetic variants demonstrated that
peripheral bacteria clearly protect the interior members of the population from host attack.
These studies have raised many important questions concerning the dynamics of bacterial
subpopulation formation. Simultaneously sensing and responding to multiple host stresses may slow the
growth of peripheral bacteria relative to interior bacteria, which could make peripheral bacteria more
recalcitrant to antimicrobial treatments. Future studies will be focused on uncovering the dynamic
relationships between Y. pseudotuberculosis subpopulations as microcolonies develop and further
characterizing the gene expression profiles of distinct subpopulations within replication centers. Ultimately,
the tools that we generate to study Y. pseudotuberculosis growth can be applied to other pathogens, to
probe interactions between bacterial cells, and between host cells and bacteria. These approaches will
provide meaningful insight into the mechanisms that allow bacterial pathogens to thrive in the presence of
the host immune response, and how small populations of bacteria may perform critical roles over the course
of the growth of a population.
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Tami Lieberman
Current Affiliation: Alm Lab, Massachusetts Institute of Technology
Upcoming Appointment (January 2018): Assistant Professor, Center for
Microbiome Informatics and Therapeutics, Massachusetts Institute of
Technology
Within your microbiome, right now, bacteria are acquiring mutations and evolving.
The Lieberman Lab will leverage these mutations to infer recent microbial history
within individual healthy and diseased people. These evolutionary histories can
inform genes and pathways critical to bacterial survival, patterns of transmission
within the body, and an understanding of the natural niche for individual bacterial species and strains. Our
favorite tools will be high-throughput sequencing of cultured isolates (a type of “single-cell” sequencing),
innovative experimental design, and evolutionary inference. We will favor in-depth studies of single species
on the skin and in the gut, while keeping the entire community in mind. By focusing on clinical samples, we
will make rapidly translatable discoveries while also addressing fundamental questions that govern
community formation and host-microbe interactions.

Naama Geva-Zatorsky, PhD.
Current appointment: postdoctoral fellow in Dennis Kasper's lab, MBIB, HMS.
Future appointment: medical school of the Technion, Israel
The gastrointestinal tract is the most populated organ of microbial symbionts and their
associated bacteriophage, forming one of the densest ecosystems on earth. These
microbes play an important role in human health; and yet, we still understand little
regarding the dynamic molecular interactions among microbes and between microbes
and the host. I am fascinated by the gut microbiota and its role in human physiology.
My research goal is to elucidate interactions between gut microbes, the mechanisms of their beneficial
contributions to the host, and the role of bacteriophage in shaping this ecosystem. I hypothesize that there is
an intricate relationship between bacteriophage, gut bacteria, and the mammalian host that provides crucial
mutual benefits. My PhD background is in systems biology, studying design principles in biological systems,
whereas my postdoctoral studies were in gut microbiota-host interactions. We characterized the host
response to a variety of gut microbes (62 different human gut bacteria), as well as adapted a fluorescent
metabolic labeling approach to enable fluorescent labeling of live anaerobic gut bacteria. For my future
studies, I will combine my systems biology background with my postdoctoral training, to study how the
microbiota and its associated bacteriophage actively, mechanistically, and dynamically, network and interact
with the mammalian host to maintain homeostasis and confer protection from disease
Stephanie Shames, PhD.
Current affiliation: Department of Microbial Pathogenesis,
Yale University
Future appointment: Assistant Professor, Division of Biology. Kansas State
University.
Research in the Shames lab will focus on understanding how specialized virulence
factors called effectors contribute to replication of intracellular bacterial pathogens
during infection. We will employ high-throughput genetics, biochemistry and cell
biology techniques to elucidate mechanisms by which Legionella pneumophila
uses its large repertoire of over 300 effectors to replicate within phagocytic cells
and the mammalian lung. Specifically, we will focus on how effectors contribute to the innate immune
response to L. pneumophila in vivo and temporal regulation of pathogen egress. Our work will advance
knowledge of host cell pathways exploited by intracellular pathogens to cause disease and how they
contribute to the host immune response in animal models of infection.
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Cara Boutte, PhD
Assistant Professor of Biology at the University of Texas, Arlington
cara.boutte@gmail.com
Mycobacterium tuberculosis and its cousins are notoriously difficult to kill with
antibiotics. Why are these bugs so drug tolerant? Part of this tolerance is apparently
due to stress-induced changes in the cell wall. We study the construction and
regulation of the cell wall so that we can better understand both how these unusual
bacteria live, and how to make them die.

The cell wall can be regulated by changing the amount or nature of cell wall precursors that are delivered to
the outside of the cell, or by directly changing the stability or activity of extracellular cell wall enzymes. We
are using biochemistry and genetics to understand 1) the transcriptional and post-translational regulatory
systems that control the enzymes that make cell wall precursors and 2) the protein complexes that regulate
the activity of extracellular cell wall enzymes. Understanding the cell wall regulatory events that contribute to
antibiotic tolerance will allow us to screen for drugs that could interfere with this tolerance and sensitize
mycobacteria to antibiotics.

Shumin Tan, Ph.D.
Assistant Professor
Department of Molecular Biology and Microbiology
Tufts University School of Medicine
The overall theme of our research centers on understanding how the pathogenic
bacterium Mycobacterium tuberculosis (Mtb) exploits environmental cues to survive
and grow in its host. What host environmental signals serve as cues for Mtb in
determining its location in the host? How are these cues sensed and responded to? How do these responses
enable Mtb to usurp or modify host processes to create a replicative niche for itself? In addition, we are
interested in the basis and impact on infection outcome of the marked heterogeneity observed during Mtb
infection, particularly with respect to environmental cues. We explore these questions using macrophage and
murine infection models, and novel fluorescent reporter Mtb strains that allow mechanistic studies in vitro,
and that facilitate studies of Mtb responses in vivo at the level of the single bacterium.
Nic Vega, PhD.
Current affiliation: Jeff Gore's group in MIT's Physics of Living Systems
Future position: Department of Biology at Emory University, Atlanta, Georgia
Nic's research uses a combination of experiments and modeling to study microbial
population ecology and heterogeneity in biological systems. We use the nematode
worm C. elegans as a tractable model system to study problems in host-associated
microbial community assembly and dynamics; the rapid life cycle and ease of use of
this organism allows us to conduct highly powered studies of variation within isogenic
populations. In particular, we are interested in the factors determining stability and
resilience of microbial communities in the host, the role of the microbiome in
determining physiology and behaviour of the host, evolution of antibiotic resistance in
host-associated microbial consortia, and heterogeneity in antibiotic response within microbial populations.
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Douglas Kwon, M.D. Ph.D.
Current affiliation: Division of Infectious Diseases at Massachusetts
General Hospital
Dr. Douglas Kwon is a physician scientist, Director of Clinical Operations at the
Ragon Institute of MGH, MIT and Harvard, and Associate Director of the
Harvard Center for AIDS Research Developmental Core. He has a clinical
practice in the Division of Infectious Diseases at Massachusetts General
Hospital. He received his M.D. Ph.D. degrees from New York University and
then underwent Internal Medicine training at the University of California, San
Francisco and New York Hospital/Weill Cornell Medical Center. He completed
his training in the combined Massachusetts General Hospital and Brigham and
Women’s Hospital Infectious Disease fellowship program.
The focus of his current research is understanding the role of mucosal tissues in HIV acquisition and disease
progression. His lab is involved in developing and applying new technologies to overcome the technical
barriers that have impeded our understanding of mucosal immunity to date. This includes the application of
novel techniques and functional assays to assess HIV-specific immune responses and the microbiome at
mucosal sites.
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BREAKOUT SESSIONS
Lunchtime sessions will be moderated by an expert in the field, and will include a short informative overview
and time for discussion and questions. During registration, we asked participants to submit questions and
topics that they want to talk about.
Careers Beyond the Bench – Room 309
Panelists:
Whitney Amyot Viana – Senior Consultant, Putnam Associates
Lauren Celano – CEO, Propel Careers
Lisa Hawver – Staff Scientist, Choate Hall & Stewart
Julia Keith – Associate, RA Capital Management
Tim Riley – Associate Vice Chancellor of Innovation and Business Development, UMass Medical School
Melanie Sinche – Director of Education, Jackson Laboratories
Moderator: Michael Pereira – Graduate Student, Tufts University
As the number of tenure track positions available to recent PhDs decline, it is important for graduate students
and post-docs to become familiar with the careers available outside of academic research. We have invited
a panel of recent PhD graduates to discuss their path away from the bench to careers in life sciences
consulting, intellectual property, and venture capital, to name a few. In this session, our panelists will
address your questions about the transition into non-academic science and how to make yourself stand out
in a competitive job market.
Unraveling the Complexity of the Microbiome – Hall A
Panelists:
Rishab Shyam – Senior Analyst, PureTech Health
Ana Luisa Maldonano-Contreras – Instructor, University of Massachusetts Medical School
Jonathan Kotula – Lead Scientist, Caribou Biosciences, Berkeley, CA
Moderator: Subhalaxmi Nambi –Business Development Associate, University of Massachusetts Medical
School
The term “microbiome” is not just a buzz word anymore. Current research has begun to fundamentally
reshape how we understand and treat various diseases. In this session, our panel of microbiome experts will
address key challenges in uncovering new discoveries and understanding the long term impact of
microbiome research.
Fighting Antibiotic Resistance – Room 222
Panelists:
Pulkit Gupta – Scientist, Exploratory Science Center, Merck
Thomas Bernhardt – Associate Professor, Harvard Medical School
Kim Lewis – Director, Antimicrobial Discovery Center, Northeastern Univeristy
Celia Schiffer – Professor, University of Massachusetts Medical School
Moderator: Samantha Nelson – Graduate Student, University of Massachusetts Medical School
Antibiotic resistance has greatly reduced our ability to treat virulent bacterial infections. Thus, the discovery
of novel antibiotics has become a critical public health priority. We have invited a panel of experts to discuss
new, cutting-edge approaches for identifying novel antibiotics. We will also lead a discussion on the
repurposing of existing drugs for the treatment of bacterial infections.
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Emerging Infectious Disease – Room 221
Panelists:
Sarah Fortune – Professor, Harvard School of Public Health
Linden Hu – Professor, Tufts University
Moderator: Skye Fishbein – Graduate Student, Harvard School of Public Health
The Centers for Disease Control define emerging infectious disease as any disease whose incidence has
risen over the past 20 years, and is likely to continue to do so. Typically, viral infections like Zika and Ebola
have dominated the media, however, several bacterial infections, including Lyme borreliosis and multi-drug
resistant tuberculosis are current public health threats. What are the challenges that researchers face in
studying these organisms? Come and find out in this breakout session with our panel of experts in emerging
diseases.
Nothing “Small” about sRNAs – Room 309A
Panelists:
Susan Gottesman – Distinguished Investigator, NIH National Cancer Institute
Steve Lory – Professor, Harvard Medical School
Wai-Leung Ng – Assistant Professor, Tufts University
Moderator: Alireza Edraki – Graduate Student, University of Massachusetts Medical School
Over the past several years, a great body of research has uncovered a role for sRNAs in nearly every
biological process in bacteria, including metabolism, virulence, and competence, to name a few. Our
keynote speaker, Dr. Susan Gottesman, will discuss the work that she has pioneered in this field. In addition
to her keynote address, Dr. Gottesman and others will lead a breakout panel discussion regarding the
current understanding of the role of sRNAs in bacterial biology and virulence.
How to Write Grants, Get Funding, and Live Happily Ever After – Room B10
Panelists:
Melanie Berkmen – Associate Professor, Suffolk University
Chris Sassetti – Professor, University of Massachusetts Medical School
Aimee Shen – Assistant Professor, Tufts University
Moderator: Florencia Caro – Postdoctoral Fellow, Harvard Medical School
In the current funding climate, developing the skills to write a competitive grant proposal is more important
than ever for academic scientists. To be funded, a proposal needs to have worthy goals and a feasible plan
for achieving them. In this session, our panel members will discuss different types of funding sources, the
structure and process of a grant application and review, and the elements of successful and unsuccessful
proposals.
Current Visualization Techniques – Room 110
Panelists:
Ethan Garner – Associate Professor, Harvard University
Paula Montero-Llopis – Director, Micron Imaging Core, Harvard Medical School
Shumin Tan – Assistant Professor, Tufts University
Moderator: Eliza Zalis – Graduate Student, Northeastern University
Given the importance of microscopy in answering basic biological questions, it is equally important that our
understanding of the array of tools available to us keeps pace with the emergence of new technologies. Our
panel of experts will lead a discussion of the latest and greatest in visualization techniques and will help you
to find ways to adapt these technologies to your research.
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ORAL PRESENTATIONS
Thursday, 1:00 PM – 2:20 PM – Session I, Bacterial Communities
Chair: Matthew Ramsey, Ph.D.
1. High-throughput analysis of targeted mutant libraries reveals new Legionella pneumophila
effector virulence phenotypes
Stephanie R. Shames; James C. Havey; Andrew L. Goodman; Craig R. Roy
stephanie.shames@yale.edu
2. Microbial hitchhiking promotes dispersal and colonization of new niches by staphylococci
Tahoura Samad; Nicole Billings; Alona Birjiniuk; Thomas Crouzier; Patrick S. Doyle; Katharina Ribbeck
tahoura@mit.edu
3. Interactions between species introduce spurious associations in microbiome studies: evidence
from inflammatory bowel disease
Rajita Menon; Vivek Ramanan; Kirill S. Korolevkevin08fall@gmail.com
rajitam@bu.edu
4. The upper respiratory tract commensal Dolosigranulum pigrum inhibits Staphylococcus aureus
Silvio D. Brugger; Melinda M. Pettigrew; Yong Kong; Sara Eslami; David Haines; Katherine P. Lemon
silvio_brugger@hsdm.harvard.edu

Thursday, 2:50-4:10 – Session II, Morphogenesis
Chair: Eddie Geisinger, Ph.D.
5. Determining how bacteria regulate their rate of growth at the single-molecule and single-cell
levels by super-resolution microscopy
Yingjie Sun; Ethan Garner
yingjiesun@g.harvard.edu
6. Metabolic control of cell morphogenesis: perturbed TCA cycle halts peptidoglycan biosynthesis
Irnov Irnov; Zhe Wang; Kyu Y. Rhee; Christine Jacobs-Wagner
irnov.irnov@yale.edu
7. Membrane remodeling at the division septum by the bacterial actin homolog FtsA
Joseph Conti; Marissa Viola; Jodi Camberg
josephconti@my.uri.edu
8. A cell envelope stress response system keeps cells in shape
Kristin Little; Murray J Tipping; Karine A Gibbs
klittle@fas.harvard.edu

Tuesday, 5:30 PM – 6:30 PM – Session III, Treatment strategies
Chair: Alex Kostic, Ph.D.
9. BRACE for resistance: teaching phages to think ahead
Sébastien Lemire, Kevin Yehl, Andrew Yang, Hiroki Ando and Timothy Lu
sele@mit.edu
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10. Novel Chemical Tools to Combat Drug-Resistant S. aureus Infection
Jimmy S. Patel; Alexander L. Perryman; Joel S. Freundlich
jpatel21@njms.rutgers.edu
11. Systems Analysis Identifies Metabolic Components to Antibiotic Susceptibility and Tolerance
Jason H. Yang, Sarah N. Wright, Meagan Hamblin, James J. Collins
jasonhy@mit.edu
Friday, 9:00 AM – 10:00 AM – Session IV, Gene Expression
Chair: Alexandra Deaconescu, B.E., Ph.D.
12. A clock-phased sigma factor cascade times global circadian transcriptional rhythms in
cyanobacteria
Kathleen E. Fleming; Erin K. O'Shea
fleming@fas.harvard.edu
13. Pervasive targeting of nascent transcripts by the RNA chaperone Hfq in Pseudomonas
aeruginosa
Tracy Kambara; Kathryn Ramsey; Simon Dove
kambara@fas.harvard.edu
14. Transcriptome analysis of synchronously replicating Mycobacterium tuberculosis yields novel
insights into the interplay between cell cycle progression and physiology
Aditya Bandekar; Sishir Subedi; Aashish Srivastava; James Sacchettini; Thomas Ioerger; Christopher
Sassetti
aditya.bandekar@umassmed.edu

Friday, 11:20 AM – 12:20 PM – Session V, Metabolism
Chair: Robert Brucker, Ph.D.
15. Nitrate respiration provides pH dependent fitness and persistence in Vibrio cholerae
E. bueno; B. Sit; M. Waldor; F. Cava
emilio.bueno@umu.se
16. Genetic analysis of persister formation in Pseudomonas aeruginosa
David Cameron; Biljana Mojsoska; Jennifer Bartell; Yue Shan; Helle Krogh Johansen; Søren Molin; Kim
Lewis
da.cameron@northeastern.edu
17. The Interplay Between the Regulation of Serine Metabolism and Biofilm Formation in Bacillus
subtilis
Jennifer Greenwich; Grace Di Cecco; Yunrong Chai
jennifer.greenwich@gmail.com

Friday, 2:00 PM – 3:20PM – Session VI, Ecology and evolution
Chair: Katja Taute, Ph.D.
18. Changes in antibiotic use drive enterococcal evolution during an extended hospital outbreak
Daria Van Tyne; Abigail L. Manson; Mark M. Huycke; Jose T. Saavedra; Ashlee M. Earl; Michael S.
Gilmore
vantyne@fas.harvard.edu
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19. Ecology of bacterial community assembly in a C. elegans host model
Anthony Ortiz-Lopez; Nicole Vega; Jeff Gore
aditya.bandekar@umassmed.edu
20. Convergent protein expression stoichiometry in divergent bacteria
Jean-Benoit Lalanne; Monica S. Guo; James C. Taggart; Ariel Schieler; Gene-Wei Li
lalannej@mit.edu
21. Convergence in the microbiomes of natural plant-associated microcosms on different continents
Leonora S. Bittleston; Naomi E. Pierce; Anne Pringle
leonora@mit.edu

Friday, 3:50 PM – 4:50 PM – Session VII, Stress Response
Chair: Jeremy Rock, Ph.D.
22. BB0017 is required for virulence and resistance to oxidative stress in the Lyme disease
bacterium Borrelia burgdorferi
Meghan E. Ramsey; Bijaya Sharma; Aurelie Kern; Mary Hahm; and Linden T. Hu
meghan.ramsey@tufts.edu
23. Factors that modulate RecA localization to replication forks with and without UV radiation
Caroline X. Qin; Steven J. Sandler
cqin@umass.edu
24. Regulation of mRNA stability in mycobacteria as an adaptive response to stress condition
Diego Vargas Blanco; Scarlet Shell
davargasblanco@wpi.edu
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High-throughput analysis of targeted mutant libraries reveals new Legionella pneumophila effector virulence phenotypes
Stephanie R. Shames1 , James C. Havey1 , Andrew L. Goodman1 , Craig R. Roy1
1
Department of Microbial Pathogenesis Yale University School of Medicine, New Haven, Connecticut, 06519,
USA
Legionella pneumophila is an intracellular bacterial pathogen that causes a severe pneumonia called Legionnaires
disease by replicating within alveolar macrophages of the mammalian lung. Legionella pneumophila replication
is dependent on expression of a type IVB secretion system called Dot/Icm, which functions to translocate over
300 effector proteins into infected host cells. Very little is known about contributions of individual effector
proteins to L. pneumophila infection in vivo and their large number makes traditional techniques for investigation impractical. We have employed a massively parallel high-throughput sequencing technique called insertion
sequencing (INSeq) to examine the contribution of individual effectors to L. pneumophila replication in vivo.
A clonal genomic transposon mutant library was generated and arrayed, which enabled production of a pool of
transposon mutants in known effector genes. This pool of effector mutants was used to infect murine hosts and
quantitative INSeq analysis enabled identification of mutants with fitness alterations that differed significantly
from the remainder of the population. Our screen yielded identification of 53 novel L. pneumophila effector
phenotypes including a new category of in vivo-specific effectors. Thus, we have used a defined library of effector
mutants to identify previously uncharacterized Dot/Icm effectors that play an important role during pulmonary
L. pneumophila infection.

2

Microbial hitchhiking promotes dispersal and colonization of new niches by staphylococci
Tahoura Samad*,1 , Nicole Billings*,1 , Alona Birjiniuk*,2 , Thomas Crouzier2 , Patrick S. Doyle1 , Katharina
Ribbeck1
1
Department of Biological Engineering, Massachusetts Institute of Technology 2 Department of Chemical Engineering, Massachusetts Institute of Technology
Swimming motility can be considered a beneficial trait among bacterial species as it enables movement across
fluid environments and augments invasion of tissues within the host. However, non-swimming bacteria also
flourish in fluid habitats, but how they effectively spread and colonize distant ecological niches is less understood. We show that non-motile staphylococci can gain motility by hitchhiking on swimming bacteria, leading
to extended and directed motion with increased velocity. This interaction was observed between Staphylococcus
aureus and Pseudomonas aeruginosa, Staphylococcus epidermidis and P. aeruginosa, as well as S. aureus and
Escherichia coli, suggesting hitchhiking as a general translocation mechanism for non-motile staphylococcal
species. By leveraging the motility of swimming bacteria, it was observed that staphylococci can colonize new
niches that are less available in the absence of swimming carriers. This work highlights the importance of
considering interactions between species within polymicrobial communities, in which bacteria can utilize each
other as resources.

3

Interactions between species introduce spurious associations in microbiome studies: evidence
from inflammatory bowel disease
Rajita Menon1,4 , Vivek Ramanan2,3, , Kirill S. Korolev1,3,4
1
Department of Physics, Boston University 2 Boston University BRITE Bioinformatics REU Program 3 Department
of Biology and Computer Science, Swarthmore College 4 Graduate Program in Bioinformatics, Boston University

Microbiota contribute to many dimensions of host phenotype, including disease. To link specific microbes
to specific phenotypes, microbiome-wide association studies compare microbial abundances between two groups
of samples. Abundance differences, however, reflect not only direct associations with the phenotype, but also
indirect effects due to microbial interactions. We found that the majority of the associations are likely to be
indirect and, therefore, provide no mechanistic insight. Using techniques from statistical physics, we developed
a method to remove indirect associations and applied it to the largest dataset on pediatric inflammatory bowel
disease. Our method corrected the inflation of p-values and identified a core network of only seven species and
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genera directly related to the disease. Directly associated taxa had the same accuracy in separating cases from
controls as the entire set of ninety associations. Our results point to immunomodulation, butyrate production,
and the brain-gut axis as important factors in the disease.

4

The upper respiratory tract commensal Dolosigranulum pigrum inhibits Staphylococcus aureus
Silvio D. Brugger1,2 , Melinda M. Pettigrew3 , Yong Kong4 , Sara Eslami5 , David Haines1,6 , Katherine P.
Lemon1
1
The Forsyth Institute 2 Department of Oral Medicine, Infection and Immunity, Harvard School of Dental
Medicine 3 Department of Epidemiology of Microbial Diseases, Yale School of Public Health 4 Department of
Biostatistics, Yale School of Public Health and W.M. Keck Foundation Biotechnology Resource Laboratory,
Yale University 5 Wellesley College 6 Division of Infectious Diseases, Boston Childrens Hospital, Harvard Medical School
The Gram-positive bacterium Dolosigranulum pigrum is associated with a healthy bacterial microbiota of the
human nasal passages in older adults and in younger children. Epidemiologic studies indicate that abundant
nasal D. pigrum is negatively associated with Staphylococcus aureus nasal colonization in adults. Furthermore,
a large twin study suggests that host genetics play a limited role in determining S. aureus nostril colonization, whereas environmental factors play a large role. In a follow-up twin study of older adults, D. pigrum
was the most informative predictor of S. aureus absence. We therefore hypothesized that D. pigrum produces
metabolites, primary/secondary, that inhibit the growth of S. aureus promoting colonization resistance and
disease prevention, since colonization is a key risk factor for S. aureus infection. We tested this with a coculture
bioassay on agar medium and observed that 10 distinct strains of D. pigrum all inhibit S. aureus. We demonstrated that this inhibitory activity is extractable in organic solvents, amenable to purification and produced
independent of S. aureus. We sequenced the genomes of the D. pigrum strains to identify putative biosynthetic
gene clusters (BGCs) that might encode an antistaphylococcal inhibitor(s). Analysis with ClusterFinder and
antiSMASH revealed BGCs encoding putative microcins, bacteriocins and lantipeptides; however, no single
BGC was common to all D. pigrum strains. The inhibitor will be further characterized using bioassay-guided
fractionation and genetics, to confirm findings. Our results are identifying molecular mechanisms underlying
the positive associations between D. pigrum and a healthy nasal microbiota, and offer potential for development
of novel therapeutic approaches.

5

Determining how bacteria regulate their rate of growth at the single-molecule and single-cell
levels by super-resolution microscopy
Yingjie Sun1,2 , Ethan Garner1,2
1
Department of Molecular and Cellular Biology 2 Faculty of Arts and Sciences (FAS) Center for Systems Biology,
Harvard University
How cells control their growth rate is a long-standing question in cell biology. The enzymes and regulatory
proteins of cell wall synthesis in Bacillus subtilis undergo changes in their activities in response to different
metabolic states of the cell. The bacterial actin homologue MreB is conserved in most rod-shaped bacteria, and
recent studies have showed that MreB homologues form short membrane associated filaments that rotate circumferentially around the cell width. Here we used live-cell, single-molecule super-resolution imaging to directly
monitor the activity of key components in cell wall synthesis machinery of Bacillus subtilis. First we quantified
the number and the velocity of the active, directionally moving filaments and enzymes in both nutrient rich and
nutrient poor media. We demonstrated that Bacillus subtilis regulates the density of the mreB filament but
not the speed in response to nutrient availability. Then we disrupted the filament-filament interactions of mreB
homologues with several genetic and chemical perturbations; we found that the motion of MreC and Pbp2a
enzymes transitions into a rapidly diffusive state. Finally, we demonstrated the number of sites is regulated by
the levels of the precursors of peptidoglycan. The application of single-molecule super-resolution methods to
quantify the active enzyme levels in single cell can connect molecular-level mechanisms to cell-level behavior.

6

Metabolic control of cell morphogenesis: perturbed TCA cycle halts peptidoglycan biosynthesis
Irnov Irnov1,2,6 , Zhe Wang3,4 , Kyu Y. Rhee3,4 , Christine Jacobs-Wagner1,5,6
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1

Microbial Sciences Institute, Yale University 2 Department of Molecular, Cellular, and Developmental Biology,
Yale University 3 Department of Microbiology and Immunology, Weill Cornell Medical College 4 Department of
Medicine, Weill Cornell Medical College 5 Howard Hughes Medical Institute 6 Department of Microbial Pathogenesis, Yale University
Coordination between cellular metabolism and morphogenesis is critical for robust cell proliferation. Although
these two essential processes have been extensively studied, how changes in metabolism are linked to the regulation of cell shape and division is only starting to be understood. The RNA chaperone Hfq is a global
regulator that plays important roles in many aspects of bacterial physiology, including regulation of cellular
metabolism. Here, we show that hfq deletion in the model -proteobacterium Caulobacter crescentus lead to
significant growth and morphology defects due to perturbations in central metabolism. Combining classical
genetics with metabolomics, we demonstrate the importance of Hfq in maintaining metabolic homeostasis and
uncover a mechanism by which TCA cycle deregulation can influence PG synthesis and cell morphogenesis.

7

Membrane remodeling at the division septum by the bacterial actin homolog FtsA
Joseph Conti1 , Marissa Viola1 , Jodi Camberg1
1
University of Rhode Island
The cell division protein FtsA is widely conserved in bacteria and shares homology with actin. Essential
in Escherichia coli, FtsA anchors the tubulin homolog FtsZ to the inner leaflet of the cytoplasmic membrane to
establish the Z-ring, a septal ring that forms during cell division prior to constriction. Here, we show that E.
coli FtsA engages phospholipids in vitro and this interaction promotes rapid ATP hydrolysis. After incubation
with FtsA, intact phospholipid vesicles undergo tubulation and other deformations. Phospholipid reorganization occurs rapidly and is mediated by a nucleotide-dependent conformational change relayed to the membrane
targeting sequence (MTS). We constructed a mutation in the ATP binding pocket, FtsA(K86A), and found that
this mutant binds, but weakly hydrolyzes ATP, and is unable to perform phospholipid remodeling. However, in
vivo, Gfp-FtsA(K86A) is able to localize to midcell at the Z-ring and is less toxic than overexpression of wild type
Gfp-FtsA. FtsA also recruits FtsZ to phospholipid vesicles via a direct interaction with the FtsZ C-terminus.
At equimolar concentrations FtsA destabilizes steady state FtsZ polymers; however, at substoichiometric levels
or when FtsZ assembly dynamics are restricted FtsZ polymers serve as a scaffold for FtsA-lipid recruitment.
These results combined with whole cell electron microscopy images implicate the actin homolog FtsA in direct
remodeling of the membrane during septation and provide a mechanistic framework to understand localized cell
wall remodeling during bacterial cell division.

8

A cell envelope stress response system keeps cells in shape
Kristin Little1 , Murray J Tipping1 , Karine A Gibbs1
1
Department of Molecular and Cellular Biology, Harvard University, Cambridge, MA
Proteus mirabilis cells elongate up to 40-fold in length before engaging in swarm motility across surfaces.
While motility at the population level has been well studied, we do not fully understand how cells elongate
while faithfully maintaining a rod shape. Here we show that regulation of cell elongation, shape, and motility
intersect through genetically separable pathways at the Rcs phophorelay, a widely-conserved cell envelope stressresponse system. We show that cells require rffG to produce a large lipopolysaccharide-linked structure. Loss
of this structure is associated with activation of Rcs, which inhibits elongation and motility factors. Expression
of these factors rescued elongation and motility. Deletion of the Rcs response introduced striking cell shape
and polarity defects, which intriguingly suggests that Rcs maintains the rod shape of elongating cells through
previously undescribed pathway(s) independent of known motility-related pathways. As many bacteria encode
this stress response, the Rcs phosphorelay likely serve as a complex and broad-acting regulator of bacterial cell
development and motility through additional undefined pathways.

9

BRACE for resistance: teaching phages to think ahead.
Sébastien Lemire1 , Kevin Yehl1 , Andrew Yang1,2 , Hiroki Ando1 and Timothy Lu1
1
Center for Integrative Synthetic Biology, Massachusetts Institute of Technology 2 Stanford University, CHEM-H
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Bacterial antibiotic resistance development is a growing public health threat but few solutions have been put
forth. One promising option lies in adapting the traditional practice of phage therapy, whereby natural viral
predators of bacteria are used to eliminate pathogens. However, naturally sourced bacteriophages often have
a restricted host range. Therefore, proper therapeutic coverage of a pathogen is achieved through empirically
formulated and constantly updated cocktails of different phages, which only collectively show real efficacy. This
is a significant regulatory pitfall.We have shown that it is possible to change drastically the host range of members of the T7-family of phages by swapping out various parts of the phage tail machinery but this method
is ill suited to track fast evolving bacterial populations. We have therefore developed a simple complementary
approach that uses targeted evolution to generate large libraries of phage variants. Inspired by antibody specificity engineering techniques, this strategy focuses genetic diversity on short segments of the genome most likely
to encode host range determining protein stretches. We show that phages isolated from these experiments, socalled phagebodies, have vastly improved performance over their natural progenitor and can prevent resistance
appearance in their host presumably because they are primed to recognize the majority if not all the receptor
variants the bacterium may evolve during predation by the wild-type phage. We anticipate knowledge gained
from such studies will impact both fundamental research on phage-host interactions and help design simplified
therapeutic phage applications.

10

Novel Chemical Tools to Combat Drug-Resistant S. aureus Infection
Jimmy S. Patel1 , Alexander L. Perryman1 , Joel S. Freundlich1
1
Department of Pharmacology and Physiology, Department of Medicine, Rutgers New Jersey Medical School

The continual rise of drug-resistant bacterial infections is a global health pandemic. For example, Staphylococcus
aureus is known as a notorious agent of disease and its most common drug-resistant form is methicillin-resistant
Staphylococcus aureus (MRSA). Drug therapy for MRSA has not changed significantly within the past twenty
years. Vancomycin, often considered the last line of defense for Gram-positive infections, is now the front
line therapy for MRSA infections, and resistance to vancomycin has already come to fruition (vancomycinintermediate resistant, VISA, and vancomycin-resistant, VRSA). Our efforts with machine learning models to
discover new chemotypes of antibacterial agents against drug-resistant S. aureus have led to the discovery of a
novel quinoline antibacterial, JSF-3151. The compound showed in vitro growth inhibition versus MRSA, VRSA,
and VISA as well in vivo efficacy against MRSA in a mouse peritonitis model. Mechanistic insights have been
attained through metabolomics and drug-resistant mutant generation/whole-genome sequencing. In summary,
we will discuss how the blending of computational, chemical, and biological studies will contribute to seeding
new therapeutic strategies to combat drug-resistant S. aureus infections.

11

Systems Analysis Identifies Metabolic Components to Antibiotic Susceptibility and Tolerance
Jason H. Yang1, 2 , Sarah N. Wright1 , Meagan Hamblin2 , James J. Collins1,,3
1
Massachusetts Institute of Technology 2 Broad Institute of MIT and Harvard 3 Wyss Institute at Harvard
Bactericidal antibiotics kill by targeting essential growth processes, but differences in bacterial metabolism
can alter antibiotic lethality. While antibiotic killing correlates strongly with growth rate and respiration, the
specific metabolic processes underlying antibiotic susceptibility and tolerance remain unclear. Here, we took
a systems approach, integrating the use of chemical screening, genome-scale metabolic modeling and machine
learning to identify metabolic pathways associated with differences in antibiotic sensitivity. We experimentally
counter-screened 400 carbon, nitrogen, phosphorus and sulfur metabolites in exponential phase E. coli MG1655
against bactericidal antibiotics from three different classes and quantified shifts in antibiotic sensitivity following
4 h treatment. Using the iJO1366 genome-scale metabolic model, we simulated metabolic states associated with
each of condition and performed machine learning to identify metabolic reactions associated with changes in
sensitivity. We found that antibiotic susceptibility responses to metabolic perturbations differed greatly between the different antibiotics with gentamicin exhibiting the greatest sensitivity to metabolic perturbations
and ampicillin exhibiting the least. Many perturbations appeared to potentiate lethality by all three antibiotics,
including many carbohydrates and amino acids. Ciprofloxacin lethality was highly proportional to growth rate.
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Metabolic modeling and machine learning revealed three metabolic processes that appeared to underlie antibiotic susceptibility across all three drug classes: membrane transport, central metabolism and serine metabolism.
These unsupervised predictions were validated by gene knockout studies in the literature. We have recently
begun extending this approach to identify metabolic vulnerabilities for antibiotic treatment in M. tuberculosis.

12

A clock-phased sigma factor cascade times global circadian transcriptional rhythms in cyanobacteria
Kathleen E. Fleming1,2,3 , Erin K. O’Shea1,2,3
1
Howard Hughes Medical Institute 2 Harvard University Faculty of Arts and Sciences Center for Systems Biology
3
Harvard University Department of Molecular and Cellular Biology
The cyanobacterial circadian clock generates genome-wide transcriptional oscillations with diverse phasing relative to anticipated diurnal cycles via the response regulator RpaA. Active RpaA is sufficient to orchestrate
sequential activation of circadian transcripts in cells lacking functional KaiABC clock, however the mechanism(s)
underlying this are not well understood as RpaA alone regulates few circadian promoters. Here we show that
four RpaA-dependent sigma(σ)factors rpoD2, rpoD6, rpoD5, and sigF2 constitute a molecular cascade downstream of RpaA, are activated in temporal sequence, and are required for global circadian gene expression.
Deletion of these s or alteration of their promoters confers perturbations to levels and timing for subsets of
130 circadian transcripts, including the sigmas themselves consistent with a hardwired σ cascade. Defects to
transcript levels in these former strains are consistent with RpaA being sufficient to time only the first in the
cascade, and are not explained by differences in KaiABC clock or RpaA regulation. We identify the direct
regulons of RpoD6, RpoD5, and SigF2 and find that these σ factors oscillate with different relative phasing
with 24h periodicity at level of transcript, protein, and enrichment at promoter targets, in total binding 157 of
322 circadian promoters. Lastly, we identify putative gene products that may directly time specific circadian
transcripts downstream or parallel to the cascade via modulation of transcription factor(s) binding, local DNA
topology, or transcript half-lives. Hence, a single transcription factor is sufficient to generate complex global
circadian phenotypes partially via regulating a hard-wired σ cascade.

13

Pervasive targeting of nascent transcripts by the RNA chaperone Hfq in Pseudomonas aeruginosa
Tracy Kambara1 , Kathryn Ramsey1 , Simon Dove1
1
Boston Children’s Hospital, Harvard Medical School
The RNA-binding protein Hfq is an important post-transcriptional regulator in bacteria, influencing many
cellular processes including growth, virulence, and catabolism. Chromatin immunoprecipitation combined with
high-throughput sequencing (ChIP-Seq) in Pseudomonas aeruginosa revealed that Hfq associates with hundreds
of genes. Virtually all of these associations are abrogated in cells treated with the RNA polymerase inhibitor
rifampicin, indicating they occur when Hfq binds transcripts as they are being made. Among the genes that are
associated with Hfq are several known targets of the translational repressor and regulator of carbon catabolism,
Crc. We find that like Hfq, Crc associates with its targets co-transcriptionally. Additionally, we find that Crc
influences Hfqs ability to associate with some of its targets co-transcriptionally. Combining ChIP with transcription inhibition may be broadly useful in studying the co-transcriptional activities of RNA binding proteins.
Our findings with Hfq and Crc suggest that functioning co-transcriptionally may be an efficient and perhaps
common way for post-transcriptional regulators to exert their regulatory effects.

14

Transcriptome analysis of synchronously replicating Mycobacterium tuberculosis yields novel
insights into the interplay between cell cycle progression and physiology
Aditya Bandekar1 , Sishir Subedi2 , Aashish Srivastava3 , James Sacchettini2 , Thomas Ioerger1 , Christopher
Sassetti
1
Department of Microbiology and Physiological Systems, UMass Medical School, Worcester, MA 2 Department
of Computer Science and Engineering, Texas AandM University, College Station, TX 3 Department of Biochemistry and Biophysics, Texas AandM University, College Station, TX

21

2017 Boston Bacterial Meeting - Talk Abstracts
Every cell undergoes transcriptional changes as it progresses through its cell cycle. The cell must balance
metabolic need and energy requirements in a manner that is not only efficient but also amenable to changes
in environmental conditions. In this study, we ask how different aspects of M. tuberculosis (Mtb) physiology
are driven by cell cycle dependent transcriptional changes. A dnaA cold sensitive strain of Mtb provides us the
opportunity to study global transcriptional changes in synchronously replicating populations. We performed
RNA-Seq analysis of Mtb as it goes through two cell cycles. We hypothesised that periodic fluctuations in gene
expression could be a plausible mechanism to maintain efficiency. Hence, we imposed a sinusoidal function on
our data to extract genes with periodic expression and found 600 genes that are expressed periodically in a
cell cycle dependent manner. Among these, we find that diverse processes like amino acid catabolism, ribosome
biogenesis, denovo nucleotide biosynthesis and oxidative phosphorylation are all periodic in nature. We also find
that genes involved in the same metabolic pathway are coordinately regulated, presumably to optimize output.
Since only 600 genes were found to be periodic, we characterized the time at which the other non-periodic genes
peak in expression during the cell cycle. We find temporal progression in sigma factor expression, suggesting this
as a potential mechanism of global regulation. We find that proteins required for new growth pole biogenesis are
sequentially transcribed, i.e, the proteins required early peak in expression early as well. We predict that genes
are transcribed only when (or just before) they are needed and exquisite mechanisms are in place to ensure this
regulation.
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Nitrate respiration provides pH dependent fitness and persistence in Vibrio cholerae
E. bueno1 , B. Sit2 , M. Waldor2 , F. Cava.1
1
Laboratory for Molecular Infection Medicine Sweden, Department of Molecular Biology, Ume Centre for Microbial Research, Ume University, Ume SE-901 87,Sweden 2 Department of Microbiology and Immunobiology,
Harvard Medical School, HHMI, Boston, MA 02155, USA.

Vibrio cholerae is a Gram-negative bacterium that lives in different habitats, varying from aquatic ecosystems
to the human intestinal tract. During its transit through those different environments, V. cholerae requires
a high respiratory flexibility to adapt its metabolism to different oxygen concentrations. V. cholerae contains
the Nap respiratory complex, which is able to use NO3- as final electron acceptor when O2 is not present.
However, due that V. cholerae lacks a nitrite reductase, the reduction of NO3- to NO2- by Nap has been just
considered to produce toxicity to the bacterium. In this work we elucidate that contrary to the commonly attributed toxic nature of NO2-, its accumulation has a role in V. cholerae bacteria persistence by preventing V.
cholerae premature death by low pH. In addition, we demonstrate for the first time that V. cholerae can grow
anaerobically using nitrate as electron acceptor, but this growth is strictly dependent on the environmental pH.
We show that NO3- reduction to NO2- has an important role in competition with neighbouring bacteria, and
in colonization of infant mice intestine. By using a non-redundant transposon library, we describe the complete
set of determinants implicated in NO3- reduction in V. cholerae. Collectively, our findings reveal that anoxic
reduction of NO3- is vital for V. cholerae fitness during its free-living and pathogenic life-style, and places the
nitrate respiratory pathway as a novel antimicrobial target to control V. cholerae virulence.

16

Genetic analysis of persister formation in Pseudomonas aeruginosa
David Cameron1 , Biljana Mojsoska2 , Jennifer Bartell2 , Yue Shan2 , Helle Krogh Johansen2 , Søren Molin1 ,
Kim Lewis1
1
Antimicrobial Discovery Center, Northeastern University, Boston, MA, USA 2 Technical University of Denmark, Lyngby, Denmark
Pseudomonas aeruginosa is a bacterial pathogen frequently associated with infections that are impossible to
eradicate. Multidrug tolerant persister cells contribute to the recalcitrance of infection in these cases, however
the mechanisms underlying the generation of these cells are currently unknown. In the current study, we utilized
two independent approaches to determine the genetic basis of persister formation in P. aeruginosa. First, we
exposed a transposon mutant library of P. aeruginosa PAO1 to a fluoroquinolone and compared the frequency
of each mutant before and after treatment using transposon sequencing (Tn-seq). Secondly, we screened a collection of longitudinal genome-sequenced clinical isolates from chronically infected cystic fibrosis patients (556
isolates from 42 patients) for high persister mutants and identified mutations associated with the phenotype.The
gene that had the highest impact on survival in the presence of antibiotics as determined by Tn-Seq was carB,
22

2017 Boston Bacterial Meeting - Talk Abstracts
which codes for carbamoylphosphate synthase. Intriguingly, carB disruption resulted in fewer persisters and an
increase in ATP. Depleting ATP in the carB mutant using arsenate restored the antibiotic tolerance to wild-type
levels. Within clinical P. aeruginosa isolates, mutations in 7 genes directly involved in energy production (such
as cytochrome C oxidase) were associated with the high persister phenotype. Collectively, our data suggest that
mutations in diverse metabolic pathways that lead to ATP depletion are an important driver of persister cell
formation in P. aeruginosa.

17

The Interplay Between the Regulation of Serine Metabolism and Biofilm Formation in Bacillus
subtilis
Jennifer Greenwich1 , Grace Di Cecco1 , Yunrong Chai1
1
Department of Biology, Northeastern University

Bacillus subtilis is a Gram-positive bacterium used to study biofilm formation. It is known that serine plays
a role in regulating biofilm formation in B. subtilis, but the exact mechanism remains unknown. Translation
of the master biofilm repressor SinR is affected by serine starvation due to an overabundance of TCN codons,
which ribosomes have been shown to preferentially pause on, relative to AGY codons. Because small changes
in SinR levels can have drastic effects on downstream gene expression, this decreased translation rate may partially regulate biofilm entry.We believe that B. subtilis uses serine as a sensor of its overall nutrient state, with
low serine levels indicating low nutrient availability, triggering biofilm formation. Serine is intimately linked to
central metabolism as it uses glycerol-3-phosphate as a precursor and can be converted to pyruvate by a single
enzymatic reaction. Expression of serA, the gene encoding the enzyme responsible for the first step in serine
biosynthesis decreases as cells enter stationary phase when grown in LB media, suggesting that as serine levels
decrease, serA expression also decreases in an effort to keep carbon in central metabolism. This is surprising as
amino acid biosynthesis pathways are commonly upregulated under conditions of amino acid starvation. Furthermore, CcpA may be indirectly activating expression of serA by repressing its repressor as strains lacking the
ccpA gene show reduced serA expression. These findings indicate that serine biosynthesis is regulated by the
cells metabolic state, and further elucidates how B. subtilis cells determine when to begin biofilm formation.
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Changes in antibiotic use drive enterococcal evolution during an extended hospital outbreak
Daria Van Tyne1,2 , Abigail L. Manson3 , Mark M. Huycke4 , Jose T. Saavedra3 , Ashlee M. Earl1,2 , Michael
S. Gilmore1
1
Department of Ophthalmology and Department of Microbiology and Immunobiology, Harvard Medical School
2
Department of Ophthalmology, Massachusetts Eye and Ear Infirmary 3 Infectious Disease and Microbiome Program, Broad Institute 4 Department of Medicine, University of Oklahoma Health Sciences Center
Multidrug-resistant enterococci emerged in the mid-1980s, and are now among the leading causes of drugresistant bacterial infection worldwide. We studied one of the earliest clonal outbreaks of drug resistant Enterococcus faecalis bacteremia, examining how the bacteria adapted to growth in the human bloodstream in
the face of antibiotic and host immune pressures. Comparison of 62 closely related outbreak strains showed
that single nucleotide polymorphisms and insertion/deletion variants occurred at a rate of approximately one
variant every 46 days. We analyzed genes that were mutated during the course of the outbreak, and found
enrichment among those involved in cell wall assembly, penicillin binding, and response to antibiotic stress. We
also observed the repeated independent occurrence of mutations within a trehalose operon repressor (TreR),
which function to derepress a trehalose utilization gene with a novel function. TreR mutants were more resistant
to killing by ampicillin and lysozyme, and have alterations in their cell wall composition. Interestingly, TreR
mutants appeared only during the first half of the outbreak; among later outbreak strains, TreR mutations were
replaced by a mutation upstream of Penicillin-Binding Protein 4 (PBP4) that causes overexpression of the gene.
We hypothesize that introduction of the carbapenem class of antibiotics drove the appearance of the PBP4
mutation, and tested this hypothesis in vitro. As expected, the majority of carbapenem-resistant mutants had
mutations that cause overexpression of PBP4, while ampicillin-resistant mutants did not. This work provides
insight into the evolution of E. faecalis within the human host in response to changing antibiotic regimens.
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Ecology of bacterial community assembly in a C. elegans host model

Anthony Ortiz-Lopez1,2,* , Nicole Vega1,* , Jeff Gore1
Department of Physics, MIT 2 National Autonomous University of Mexico

1

Despite decades of theoretical and observational investigation, the factors directing community assembly in
real ecosystems are still poorly understood. The problem is particularly acute in host-associated systems such
as the intestinal microbiota. Furthermore, while these communities are known to vary between hosts, the causes
and consequences of this heterogeneity are not well understood.Here we use C. elegans as a simple host model
to determine general rules for community assembly in a biotic environment. Gut-associated communities are assembled de novo from a set of bacterial species selected to cover a broad taxonomic range and to include different
host interactions, including both probiotics and pathogens of the worm. Worm mutants with and without responsive immune function are used to describe the effects of immunity on bacterial community establishment.We
describe colonization as an interaction between bacterial competition in a spatially structured environment and
host effects mediated in part by innate immunity. Migration rate into the intestine and birth/death rates in this
environment are evaluated for their contributions to the outcomes of bacterial competition, and the resulting
heterogeneity between individual communities is described.
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Convergent protein expression stoichiometry in divergent bacteria
Jean-Benoit Lalanne1, 2 , Monica S. Guo1 , James C. Taggart1 , Ariel Schieler1 , Gene-Wei Li1
1
Department of Biology, MIT 2 Department of Physics, MIT
Proteins involved in the same biological pathway are co-regulated but present in vastly different abundances in
the cell. In principle, each pathway has an immense number of possible protein stoichiometry, which presents
a challenge for both the evolutionary and engineering optimization of protein expression. Fundamentally, it
remains unknown whether a unique protein stoichiometry is preferred for biological function amidst the large
multidimensional space of abundances. Here, we used ribosome profiling to compare the rates of homologous
protein production in ancient biological pathways across divergent bacteria with 1 billion years in separate evolutionary history. Despite limited sequence homology, proteins within many functional modules (e.g., mRNA
translation) have quantitatively conserved stoichiometry spanning three orders of magnitude. By precisely
resolving and quantitating mRNA isoforms using end-enriched RNA-sequencing (Rend-seq), we found that
conserved gene clusters have undergone extensive divergence in the architecture and rates of transcription initiation, termination, and post-transcriptional processes. Remarkably, these evolutionary changes are mutually
compensated to produce convergent protein stoichiometry (twofold). Our results suggest that biological functions require preferred stoichiometry of most participating proteins, thereby forcing quantitative and collective
tuning at all stages of gene expression.
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Convergence in the microbiomes of natural plant-associated microcosms on different continents
Leonora S. Bittleston1,3 , Naomi E. Pierce1 , Anne Pringle2
1
Department of Organismic and Evolutionary Biology and Museum of Comparative Zoology, Harvard University
2
Departments of Botany and Bacteriology, University of Wisconsin-Madison 3 Department of Civil and Environmental Engineering, MIT
The ’pitchers’ of carnivorous pitcher plants are exquisite examples of convergent evolution; the same morphology and function have evolved independently within different orders of plants. Pitchers house complex
communities of microbes and insects. Thus, pitcher microcosms can be used to examine whether selection has
led to convergence in the communities associated with convergent hosts, in order to determine if consistent
ecological and functional patterns emerge. Fluids sampled from more than 330 wild pitchers from eight species
of Southeast Asian Nepenthes and six species of North American Sarracenia exhibit striking convergence in microbiota. Compared to microbes found in surrounding habitats, pitcher communities have lower species richness
and evenness, and while the communities from the two genera are composed of different species, they comprise
phylogenetically related subsets of the bacteria and eukaryotes found in nearby soil or bog water. Microbiomes
from pitchers of both genera are enriched in degradation pathways, and have high relative abundances of chitinases. Moreover, when we placed species of Southeast Asian Nepenthes in a North American bog, their pitcher
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fluids assembled Sarracenia-like communities. Within each genus of pitcher plants, certain key characteristics
drive between-species diversity: Nepenthes microbiome diversity is strongly shaped by differences in pH, while
Sarracenia microbiome diversity is influenced by pitcher growth form. Recognition of convergently evolved
interactions will facilitate identification of similar selective pressures shaping microbial communities, even those
arising in distant parts of the world.
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BB0017 is required for virulence and resistance to oxidative stress in the Lyme disease bacterium Borrelia burgdorferi
Meghan E. Ramsey1 , Bijaya Sharma1 , Aurelie Kern1 , Mary Hahm1 , and Linden T. Hu1
1
Department of Molecular Biology and Microbiology, Tufts University
Reactive oxygen species (ROS) are antimicrobial molecules produced by innate immune cells and represent
a critical host defense that successful pathogens must evade. Borrelia burgdorferi, the causative agent of Lyme
disease, encounters ROS in both its tick and vertebrate hosts but encodes a limited repertoire of canonical
oxidative stress response proteins. We searched for novel gene functions involved in borrelial ROS resistance
using transposon insertion sequencing (Tn-seq) and identified a set of 37 genes involved in resistance to hydrogen peroxide. We subsequently showed that most of these genes are also required for mammalian infectivity.
Transposon mutants with insertions in bb0017 were among the most sensitive to ROS in our initial screen and
were completely non-infectious in both mice and ticks, underscoring a critical role for this gene in the infectious
lifecycle of B. burgdorferi. BB0017 contains an N-terminal transmembrane domain and a C-terminal domain
that is similar to the PII family of signal transduction proteins. A combination of genetic deletion and complementation studies, transcriptomic analyses, suppressor screens, and in vivo competition studies demonstrates
that bb0017 is required for the proper regulation of both tick-phase and mammalian-phase virulence factors. Our
findings also suggest that perturbations in glycerol metabolism and/or the redox balance of nucleotide cofactor
pools may modulate borrelial ROS resistance. We suggest a model in which the membrane-localized BB0017
is involved in sensing environmental changes as B. burgdorferi moves between its different hosts, subsequently
regulating the expression of virulence factors and metabolic genes with consequences for ROS resistance and
pathogenesis.
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Factors that modulate RecA localization to replication forks with and without UV radiation.
Caroline X. Qin1 , Steven J. Sandler1
1
Department of Microbiology, University of Massachusetts Amherst
UV radiation causes DNA lesions that can result in daughter-strand gaps or double-strand breaks. Typically, excision pathways resolve these lesions; however, if a replication fork encounters an interruption before
repaired, the fork collapses. In Escherichia coli, RecA plays a central role in DNA repair through recombination.
RecA polymerizes onto ssDNA, forming a nucleoprotein filament that catalyzes strand exchange. This filament
can also induce the SOS response by stimulating LexA autocleavage. Several SOS constitutive mutants have
previously been identified that induce SOS in the absence of external DNA damage. Among these mutations,
RecA730(E38K) has been shown to have an increased binding affinity for ssDNA-SSB compared to RecA+,
leading to the proposition that RecA730 binds to the lagging strand of the replication fork. We provide in vivo
evidence for this model with ultraviolet time-lapse microscopy using recA-gfp. Since replication fork collapse
is resolved through a RecA-dependent mechanism, RecAs localization to the replication fork after UV is vital.
We showed that while cells with recA+-gfp formed a significant number of fluorescent structures after UV,
recA730-gfp mutants did not. We hypothesize that this is because RecA730 does not need to relocalize, as it
is already bound to the replication fork prior to UV. Factors affecting RecAs binding to the replication fork
were examined in the context of deletion mutants dinI and uvrD as well as SOS induction with lexA3 and
recA4164(L126V). Our results support the model that RecA730 binds to the lagging strand of the replication
fork and propose additional stabilizing and destabilizing influences.
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Regulation of mRNA stability in mycobacteria as an adaptive response to stress conditions
Diego Vargas Blanco1 , Scarlet Shell1
1
Department of Biology and Biotechnology, Worcester Polytechnic Institute
25
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Mycobacterium tuberculosis (MTB) is the causative agent of tuberculosis (TB), a significant cause of human
mortality. MTB is a successful pathogen due to its ability to survive harsh environments, such as hypoxia or
nutrient deprivation, by entering non-growing states. In these states of low metabolism, MTB can tolerate
antibiotics and can develop genetically encoded antibiotic resistance, making its metabolic adaptation to stress
crucial for survival.Numerous bacteria, including MTB, have been shown to reduce their rates of mRNA degradation under growth limitation and stress. While the existence of this response appears to be conserved across
different species, the mechanisms underlying mRNA stabilization in bacteria remain unknown. We found that
in the non-pathogenic model Mycobacterium smegmatis, mRNA half-lives were longer in hypoxia and carbon
starvation compared to log phase growth. We hypothesize that metabolic changes during growth cessation impact the activity of degradation proteins, increasing mRNA stability.Consistent with published work, we found
that intracellular ATP levels in M. smegmatis were approximately 90% lower in hypoxia than in log phase.
When we pharmacologically decreased intracellular ATP in log phase cells, mRNA half-lives where dramatically increased. The opposite result was observed when we increased ATP. Furthermore, when hypoxia-adapted
cells were re-exposed to oxygen for 2 minutes, intracellular ATP increased back to log-phase levels and mRNA
half-lives decreased drastically, comparable to those in log phase. Hence, we suggest that the RNA degradation
machinery is directly regulated by either ATP or another factor that co-varies with ATP levels upon changes
in cellular metabolic status.
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A multidrug resistant clinical isolate of Pseudomonas aeruginosa is sensitized to efflux pump
inhibitors and antibiotics by a permeability increasing antimicrobial peptide
Raquel Ferrer-Espada1 , Susana Sánchez-Gómez2 , Betsey Pitts3 , Philip S. Stewart4 , Guillermo Martı́nez de
Tejada1
1
Massachusetts General Hospital. Wellman Center for Photomedicine. Boston, USA. 2 Bionanoplus S.L. Noain,
Navarra, Spain. 3 Center for Biofilm Engineering, Montana State University, Bozeman, MT, USA. 4 University
of Navarra, Department of Microbiology and Parasitology, Pamplona, Spain. Navarra Institute for Health Research (IdiSNA).
Resistance to antimicrobials is one of the biggest problems of current public health. It is estimated that at
least 23,000 people die each year in the USA as a direct result of drug-resistant infections. The rapid rising of
multidrug resistant Gram-negative bacteria underlines the need to develop new antimicrobials and/or to design
strategies restoring the effectivity of existing compounds.Our hypothesis is that subinhibitory concentrations of
a permeability-increasing antimicrobial peptide (AMP) could potentiate the activity of efflux pump inhibitors
(EPIs) and sensitize bacteria to antibiotics that are efflux substrates. To investigate this hypothesis, we used
MexAB-OprM overproducing Pseudomonas aeruginosa strains and quantified the ability of polymyxin B nonapeptide (PMBN) to synergize with antibiotics substrates of MexAB-OprM in the presence of selected EPIs.In
planktonic cells, PMBN-mediated enhancing activity was characterized by checkerboard analysis and Bioscreen
kinetic assays. The anti-biofilm activity of the most potent combinations was measured by viable counting on
biofilms grown under dynamic flow regime.We demonstrated that PMBN enhances EPIs in all tested strains
several orders of magnitude resulting in a potent sensitization to all tested antibiotics. The selected triple combination antibiotic/EPI/PMBN reduced 10 million times the viability of biofilms formed by multidrug resistant
P. aeruginosa.
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Assessment of the genome-wide phenotypic response of S. pneumoniae strains to various antibiotics by TnSeq
Stephen Wood1 , Tim van Opijnen1
1
Biology Department, Boston College, Chestnut Hill, MA, USA
The bacterial genes and pathways involved in responding to antibiotic stress include those directly targeted
by the antibiotic, as well as a system-wide response involving genes not targeted by the antibiotic. The selective
pressure on both direct-target and off-target genes can drive the development of antimicrobial resistance. A
detailed understanding of the genes and pathways involved in responding to antibiotic stress is not well established. It is also not clear if these genes and pathways are conserved in strains of differing genetic backgrounds.
In order to address these questions, the phenotypic response of Streptococcus pneumoniae strains exposed to
sub-inhibitory concentrations of a panel of antibiotics was assessed by utilizing the high-throughput technique
of transposon insertion sequencing (TnSeq). Mutant transposon libraries of strains Tigr4, Taiwan-19F, and
22F, were grown in the presence of 20 different antibiotics at sub-inhibitory concentrations. By creating geneantibiotic interaction maps for each strain, shared and unique genes involved in responding to different antibiotic
classes and individual antibiotics are highlighted. Our preliminary data demonstrates that the genes involved
in responding to the same antibiotic can differ amongst strains. Additionally, our data can aid in identifying
putative functions for unannotated genes as well as provide a way to predict which combination of antibiotics
may act synergistically. TnSeq shows that the response to antibiotic stress is not conserved across strains
and suggests that strain-specific differences can affect the development of resistance, especially in pathogenic
bacteria with a large pan-genome such as S. pneumoniae.
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Functional characterization of prpR, a bacterial determinant of antibiotic efficacy identified in
clinical populations of Mycobacterium tuberculosis
Nathan D. Hicks1 , Jian Yang2 , Qi Jin2 , Yanlin Zhao3 , Sarah M. Fortune1
1
Harvard T.H. Chan School of Public Health 2 Institute of Pathogen Biology, Chinese Academy of Medical Science, Peking Union Medical College 3 National Center for Tuberculosis Control and Prevention, Chinese Center
for Disease Control and Prevention, Beijing, China
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Drug sensitive M. tuberculosis (MTB) is treated using a combination of four first-line drugs including isoniazid (INH) and rifampin (RIF). Organisms resistant to both INH and RIF are considered multi-drug resistant
(MDR-TB) and now account for 3% of new cases and 20% of retreated cases. Acquired drug resistance arises
through chromosomal mutation in MTB, primarily at loci inferred to be drug targets, or involved in the activation of antibiotics administered as pro-drugs. For many anti-mycobacterial drugs, our understanding of the
mutations underlying high-level drug resistance is extensive, if still incomplete. In contrast, mutations which
may serve as stepping stones to high-level resistance or could predispose strains to acquiring drug resistance are
much less well explored. In an effort to identify such mutations, we have taken a top-down approach performing
whole-genome associations to implicate single-nucleotide polymorphisms in clinical strains of MTB with highlevel drug resistance. Here we present the results of our analysis, and characterize the relevance of mutations
in prpR, a regulator of fatty-acid metabolism which is commonly mutated in MDR-TB strains.

4

SPR741 Acts as a Potentiator to Increase Potency of Antibiotics in Multi-Drug Resistant GramNegative Infections
T. Farrell1 , N. Cotroneo1 , J. Pogliano2 , M. Sharp1 , T.R. Parr Jr.1 , T. Lister1 , A. Rubio1
1
Spero Therapeutics, Cambridge, MA 2 Linnaeus Bioscience, San Diego, CA
SPR741 is a novel polymyxin derivative currently being developed as a partner for use in combination with
antibiotics for the treatment of multi-drug resistant (MDR) Gram-negative infections. We sought to characterize the mechanism of action of SPR741 through bacterial cytological profiling. The results were consistent with
membrane permeabilization allowing penetration of azithromycin into E. coli. In vitro susceptibility testing
shows increased potency of several antibiotics against E. coli, K. pneumoniae, and A. baumannii. These results
indicate that SPR741 interacts with the outer membrane of Gram-negative bacteria, increasing the permeability
of the lipopolysaccharide (LPS) barrier and enabling entry of antimicrobial compounds which otherwise lack
significant G- activity. SPR741 therefore has great potential for use as a novel antimicrobial therapy.

5

Genetic Determinants of Minocycline + Colistin Antibacterial Synergy
Alejandro Pironti*, 1 , Thea Brennan-Krohn*, 2 , Abigail L. Manson1 , James Kirby1 , Ashlee M. Earl1
1
Broad Institute 2 Beth Israel Deaconess Medical Center
Multidrug-resistant Enterobacteriaceae with resistance to carbapenems and colistin cause difficult-to-treat, lifethreatening infections. Salvage therapy with synergistic combinations of antibiotics may be the only effective
treatment for these infections. Here, we present ongoing work that explores the genetic determinants of minocycline + colistin synergy (MCS). We used an automated checkerboard array testing method based on inkjet
printer technology to test for MCS in 21 E. coli strains and 27 K. pneumoniae strains, 30 of which contained
carbapenemases. Among the E. coli strains, six (29%) and zero (0%) were non-susceptible to minocycline
and colistin, respectively, and we detected MCS in 11 (52%) of these strains. Among the K. pneumoniae
strains, 11 (41%) and six (22%) were non-susceptible to these two drugs, and we detected MCS for ten (37%)
strains. MCS was detected in all six colistin-non-susceptible K. pneumoniae strains. Our preliminary results
showed common, strong minocycline + colistin synergistic effects in a substantial portion of both E. coli and
K. pneumoniae isolates, including colistin-resistant strains. Thus, colistin +minocycline may have potential
as a treatment for multidrug-resistant Enterobacteriaceae. We will show preliminary data that linear support
vector machines (SVMs) trained on this dataset can predict MCS from genotype and that their coefficients
allow for identification of the genetic determinants of MCS. Our ongoing project to evaluate MCS for a larger
set of strains will lead to a deeper understanding of the genetic determinants of this synergy, which may in turn
improve our ability to predict which strains will be most responsive to this antibiotic combination.

6

Chlamydia trachomatis induces immunopathology by recruiting non-protective neutrophils and
bystander T cells to the female upper genital tract
Rebeccah S. Lijek1 , Michael N. Starnbach1
1
Department of Microbiology and Immunobiology, Harvard Medical School
Infection with Chlamydia trachomatis drives severe mucosal immunopathology; however, the immune responses
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that are required for mediating pathology versus protection are not well understood. Here, we employed a
comparative mouse model to identify immune responses required for C. trachomatis-induced mucosal pathology
and determine whether these responses are also required for bacterial clearance. In mice as in humans, immunopathology was characterized by extravasation of leukocytes into the upper genital tract that occluded luminal spaces and persisted after bacterial clearance. Using flow cytometry, we identified these cellular infiltrates
as neutrophils and bystander CD4+ and CD8+ T cells. To determine what draws these cells to C. trachomatis
infected tissue, we measured the expression of 700 genes in the upper genital tract and found pathology-specific
upregulation of many chemokines, including a node of interaction between CXCL9/10/11 and their common
receptor CXCR3. Either 1) depleting neutrophils or 2) reducing bystander T cells by CXCR3 blockade was
sufficient to significantly ameliorate immunopathology but had no effect on bacterial burden, demonstrating
that these responses are necessary for mucosal pathology but dispensable for C. trachomatis clearance. Diagnostics and therapies that specifically target these host responses may therefore prove useful in identifying and
ameliorating C. trachomatis-induced pathology without exacerbating bacterial infection or transmission.

7

Etiology of the progression of Periodontitis: A meta survey of the genes and putative regulatory
mechanisms driving disease
Nikhil Ram Mohan1 , Michelle M Meyer1
1
Department of Biology, Boston College, 140 Commonwealth Ave. Chestnut Hill, MA 02467, USA
Periodontitis is a common inflammatory disease that severely deteriorates the bone supporting teeth. Pathogens
underlying the disease have been classified into Red, Orange, Purple, Blue, Green, and Yellow complexes based
on their roles in the periodontal pocket and the healthy gingival sulcus. Earlier metatranscriptomics based
findings suggest a common shift in metabolic signatures in disease. In this study, we employed a meta approach
to screen for common genes and regulatory small non-coding RNAs (ncRNAs) that form the core etiology of
periodontitis. RNA-seq data from three previous studies summing 49 healthy and 48 periodontal samples were
accumulated and assembled into transcripts de novo. Analyses revealed 859 differentially expressed (DE) transcripts, 675 up and 174 down regulated. Interestingly, only 20% of the DE transcripts originate from organisms
in the red/orange complexes, and 50% originate from unaffiliated organisms. Comparison of expression profiles
between samples revealed variations among disease samples, greater correlation among samples collected from
a single study than between studies. A survey of the DE transcripts for known ncRNAs in the Rfam database
identified a large number of tRNAs and tmRNAs as well as riboswitches like the FMN, glysine, lysine, and
SAM in the up regulated transcripts and the cobalamin riboswitch in both up and down regulated transcripts.
De novo in silico discovery also identified many putative novel ncRNAs in highly differentially expressed transcripts. While our results reflect those of the previous individual studies, our meta-analyses reveal the common
DE genes and ncRNAs, a shift in metabolic signatures, in progression of periodontitis.

8

The predicted Mycobacterium tuberculosis nudix hydrolase mutT4 links bacterial oxidative stress
resistance and innate immune detection
Zhang WR1 , Hinman AE1 , Pringle SC1 , and Barczak AK1
1
Ragon Institute of MGH, MIT, Harvard
Tuberculosis (TB) remains a leading cause of death around the world; curbing this epidemic will require new
treatment strategies rooted in a deep understanding of the bacterial requirements for survival within the complex environment of the human host. In recent work, we identified the predicted DNA repair enzyme mutT4
as required for Mycobacterium tuberculosis (Mtb) growth in macrophages. Although previously described to be
highly conserved in clinical isolates, mutT4 had not previously been shown to have a unique role in infection.
Based on homology with E. coli MutT, Mtb MutT4 is predicted to hydrolyze 8-oxo-deoxyguanosine triphosphate
(8-oxo-dGTP), reversing oxidative damage that can otherwise result in base mismatch during DNA replication.
Here, we demonstrate that a mutT4 mutant is in fact significantly more susceptible than wild-type Mtb to
killing by reactive oxygen and nitrogen species. Surprisingly, we found that macrophage infection with a mutT4
mutant triggers a substantially more robust type I interferon (IFN) response than infection with wild-type
Mtb. The type I IFN response is known to be induced upon detection of Mtb by the macrophage cytosolic
surveillance program (CSP); the current model for induction of this response includes Mtb genomic DNA being
detected by the cytosolic sensor cGAS. If mutT4 is in fact required for repair of oxidative damage acquired in
34
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the intracellular environment, our results would suggest that oxidative damage of detected Mtb DNA amplifies
the macrophage type I IFN response to infection. We thus suspect that mutT4 is required by Mtb during
macrophage infection because it contributes to repair of oxidative DNA damage that results from exposure to
host protective cell intrinsic immune defenses. We further suspect that oxidative damage of microbial DNA
enhances the CSP response to infection.

9

Searching for confounders of Transposon-Insertion Sequencing offers insight into phenotypic heterogeneity
Troy P. Hubbard1 , Satoshi Kimura2 , Matthew K. Waldor1, 2
1
Harvard Medical School, Division of Microbiology and Immunobiology 2 Brigham and Women’s Hospital, Division of Infectious Diseases
Transposon-Insertion Sequencing (TIS) couples transposon mutagenesis with massively parallel DNA sequencing
to enable genome-scale studies of diverse bacterial phenotypes, including viability, infection of model hosts, and
genetic interaction. The principle underlying TIS is that the relative abundance of genotypes in a transposoninsertion library, which can be enumerated via sequencing sites of transposon-insertion, serves as a proxy for the
fitness of each bacterial genotype. But recent studies have uncovered factors that mediate fitness-independent
changes in the relative abundance of genotypes in a transposon-insertion library; these have the potential to
confound TIS studies. Here, we describe aspects of bacterial physiology and experimental design that confound traditional interpretation of TIS data, present strategies for visualizing and accounting for the effects of
TIS confounders, and offer insights into the heterogeneity of Vibrio parahaemolyticus virulence gene expression
uncovered through analysis of TIS data.

10

Identification of a complex of host and bacterial proteins and evaluation of its role early during
Shigella flexneri infection
Kelly A. Miller*,1,2 , Anna Cristina Garza-Mayers2 , Yiuka Leung3 , Marcia B. Goldberg1
1
Department of Medicine, Division of Infectious Diseases, Massachusetts General Hospital 2 Department of
Microbiology and Immunobiology, Harvard Medical School 3 Department of Molecular and Cellular Biology,
Harvard University

Shigella spp. cause diarrhea by invading and spreading through the epithelial layer of the human colon.
Shigella infection triggers innate immune responses in the host. To combat these responses, Shigella uses a
type 3 secretion system to translocate into the host cell cytosol bacterial effector proteins that interfere with
host processes. Interaction of the Shigella type 3 secreted effector protein IcsB with the host protein Toca-1
inhibits LC3-associated phagocytosis, an innate host response. Here, we show that Toca-1 forms a complex in
vitro with not only IcsB, but also with the type 3 secreted proteins OspC3, IpgD, and IpaB. Toca-1 precipitated OspC3, IpgD, and IpaB from bacterial supernatants. OspC3 and IpgD precipitation with Toca-1 was
dependent on IcsB. In addition, components of this complex localized around intracellular Shigella early in
infection, suggesting that they interact both in vitro and in vivo. As IcsB interaction with Toca-1 is required for
inhibition of LC3-associated phagocytosis, we examined whether complex formation restricts other innate host
cell responses. In infected cells, OspC3 blocks production and secretion of mature pro-inflammatory cytokine
IL-18. We tested whether inclusion of OspC3 in the complex was required to block IL-18 secretion and found
that complex formation was not required for OspC3-mediated restriction of IL-18 production. These results
indicate that the assembly of a complex among the host protein Toca-1 and a subset of type 3 effector proteins
contributes to the established function of some, but not all of the involved effector proteins.

11

Determining how Mycobacterium tuberculosis transcriptional regulators influence intracellular
replication
Viktoria Betin1, 2 , Deborah T. Hung2
1
Department of Molecular and Cellular Biology, Harvard University 2 The Broad Institute of MIT and Harvard
Department of Genetics, Harvard Medical School
Mycobacterium tuberculosis (Mtb) is the leading infectious killer in the world. Key to its pathogenic suc-
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cess is the ability to establish a replicative niche within host innate immune cells, macrophages. In order to
understand how Mtb transcriptionally adapts to the intracellular macrophage environment we characterized two
Mtb transcription factors (TFs) important for Mtb intracellular replication. Within macrophages, we show that
these TF mutants fail to activate the host type I IFN response, which promotes Mtb infection. The type I IFN
response is induced upon permeabilization of the Mtb containing phagosome. Previously, secretion of EsxA by
the bacterial type VII secretion system, ESX-1, has been proposed to permeabilize the Mtb containing phagosome. Strikingly, Mtb TF mutants secrete EsxA. Further, in vitro transcriptional profiling revealed that TF
mutants do not differentially regulate the ESX-1 operon. Intriguingly, both TF mutants that failed to activate
the type I IFN response up-regulate a different secretion system, ESX-5. We are currently investigating the role
of ESX system regulation in type I IFN activation. Finally, it remains unclear if TF mutants transcriptional
changes in vitro are relevant in vivo. We are therefore developing RNAseq methods to simultaneously profile
host and pathogen transcripts throughout infection with the goal of linking bacterial transcriptional regulation
within the intracellular macrophage environment to corresponding host-cell responses. Ultimately, linking bacterial transcriptional regulation within macrophages to corresponding host cell responses will offer insights into
the intracellular mechanisms of Mtb pathogenesis.

12

Analysis of the pathogenic potential of Listeria monocytogenes clinical isolates associated with
a cantaloupe outbreak in the United States
Pallab Ghosh1 and Darren E. Higgins1
1
Department of Microbiology and Immunobiology, Harvard Medical School, Boston, Massachusetts, USA

Listeria monocytogenes (Lm) is an intracellular bacterial pathogen that is frequently associated with foodborne infection. Lm is among the leading causes of death by a food-borne pathogen in the U.S., with case
fatality rates as high as 20-30%, the highest for all food-borne pathogens. The 2011 Lm cantaloupe outbreak
in the U.S. was among the deadliest food-borne outbreaks in the last several decades, strongly illustrating the
significant dangers of this pathogen. A total of 147 people were sickened and 33 people died from Lm contaminated cantaloupes distributed across 28 states. However, the pathogenic potential and intracellular infection
phenotypes of these Lm outbreak strains remain poorly characterized. We hypothesized that analysis of the Lm
isolates associated with severe human infections would provide relevant information on the bacterial infection
phenotypes that may be linked to novel bacterial virulence determinants. We have investigated multiple Lm
clinical isolates associated with the 2011 cantaloupe outbreak and compared bacterial virulence characteristics
to a common laboratory strain, Lm 10403S. In vitro host cell infection studies revealed that the Lm clinical
isolates are more invasive and form larger plaques (indicative of efficient intracellular spread) compared to Lm
10403S. We used a mouse infection model to examine the in vivo virulence of the Lm clinical isolates. Our
data demonstrated that the clinical strains are more virulent during infection in mice compared to Lm 10403S.
Moreover, our data suggested that the Lm clinical strains are highly neurotropic, which most likely is responsible for causing brain/central nervous system (CNS) infections in humans. Currently, studies are underway to
determine the molecular genetic basis for the increases in host cell invasion, cell-to-cell spread, and brain/CNS
tropism of the Lm clinical isolates.

13

Burkholderia dolosa FixL Variants Alter Virulence Phenotypes by Differing Mechanisms
Matthew M. Schaefers1,2 , Nicole M. Boisvert1 , Gregory P. Priebe1,2
1
Boston Childrens Hospital Boston, MA, USA 2 Harvard Medical School,Boston, MA, USA

Members of the Burkholderia cepacia complex including B. dolosa cause serious infections, including outbreaks
among cystic fibrosis (CF) patients. The fixLJ genes, which are part of a putative two-component system,
showed marked variation over time during an outbreak. Our previous work showed that the B. dolosa fixLJ
system is induced in low oxygen, regulates 11% of the genome, and modifies multiple virulence-associated phenotypes. In this study, we sought to understand the implications of clinically observed mutations in fixLJ -mediated
phenotypes. We generated a fixLJ deletion mutant of B. dolosa strain AU0158, and complemented it with S439
FixL (the reference sequence in an evolved strain), W439 FixL (ancestral sequence), or other variants (G345S
and R347H) that were associated with decline in lung function in a CF patient. B. dolosa carrying the ancestral
FixL sequence (W439) produced significantly more biofilm than isogenic bacteria carrying evolved FixL vari36
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ants (S439, G345S, R347H). Moreover, B. dolosa carrying FixL W439 were less able to invade/survive within
THP-1 derived macrophages compared to constructs carrying evolved FixL variants (S439, G345S, R347H).
In vitro phospho-transfer experiments showed that the evolved variants had differing mechanisms to alter fix
activity. The S439 variant had decreased ability to autophosphorylate, while the R347H variant had increased
phosphatase activity relative to the ancestral variant. In summary, sequence variants in the two-component
system sensor FixL arising later during human infection are associated with clinical decline and have altered
phenotypes due to modulation of phospho-transfer.

14

Mining the gut microbiota for organisms that can modulate the host

Naama Geva-Zatorsky*,1 , Esen Sefik*,1 , Lindsay Kua1 , Lesley Pasman1 , Tze Guan Tan1 , Adriana OrtizLopez1 , Tsering Bakto Yanortsang1 , Liang Yang2 , Ray Jupp1 , Diane Mathis1 , Christophe Benoist1 , and
Dennis L. Kasper1
1
Division of Immunology, Department of Microbiology and Immunobiology, Harvard Medical School, Boston,
MA 02115, USA 2 UCB Pharma, Slough, Berkshire, UK
Emerging evidence demonstrates the pivotal role of gut microbial residents in shaping our immune system.
Studies have shown a handful of immunomodulatory activities of a few individual bacteria and several consortia. In our study, we systematically characterized the role of over 50 human gut bacteria from diverse phyla,
representing the gut bacteria diversity. To do so, we mono-colonized mice with one organism at a time and
profiled both the colonization of the microbes and the detailed host immunologic and transcriptional response.
We find most bacteria to induce immunomodulatory effects spanning from innate to adaptive responses. Surprisingly, these effects were not encoded in microbial phylogenetic background (i.e. microbes from distant phyla
could elicit similar effects and vice versa). We further studied a few of the immunodulatory organisms and cell
types in more details, and find novel immune responses, as well as interesting host transcriptional responses.
For example, the transcriptional variability in germ free mice was significantly higher than any of the monocolonized mice. Furthermore, the most dominant transcriptional response to mono-colonization involved lipid
metabolism, which interestingly correlated with antimicrobial peptides activation. This study opens a databank
for immunomodulatory effects across phylogenetically diverse human gut bacteria, as well as a basis for future
studies on both the mechanisms of these interactions and the molecules at play.

15

The Link Between the Translational GTPase BipA and Changes in the Cell Envelope of Escherichia coli
Chelsea Cassidy1 , Ala M. Shaqra1 , Victoria L. Robinson1
1
UCONN MCB
One strategy used by Gram-negative bacteria to adapt and respond to changing environmental conditions
is to alter the properties of their membranes. This includes modifying membrane composition or the biochemical properties of the cell envelope such as fluidity and permeability. BipA is a prokaryotic GTPase whose name
is derived from the fact that it is up-regulated in response to exposure to the cationic peptide BPI, bactericidal/permeability increasing protein. BPI kills Gram-negative bacteria by displacing divalent cations that allow
the negatively charged lipid A region of the lipopolysaccharide (LPS) to pack together. BipA is known to be required for adaptation of bacteria to adverse growth conditions such as temperature and pH. Thus, at some level,
BipA may be involved in regulating the architecture and character of the envelopes of Gram-negative bacteria
to ensure survival. Preliminary results indicate that the permeability and fluidity of wild type (WT) and bipA
E. coli MG1655 cells are significantly different and that the effects can be rescued by complementation with
plasmid borne bipA. The WT strain is more resistant to citric acid permeabilization, while the bipA strain is
more resistant to changing fluidity in response to increasing temperatures. Fatty acid methyl ester (GC-FAME)
analysis revealed that the two strains differ in their fatty acid compositions. And lastly, the LPS O-antigen
banding patterns of the two strains are not alike. Taken together, these data suggest that BipA influences cell
envelope properties, which is consistent with its role as a global regulator of bacteria adaptive responses.

16

Genome Reduction, Specialization, and Speciation in Endomicrobia: Results of Intimate Associations with Hindgut Protists in Reticulitermes flavipes.
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Michael E. Stephens1 , Jacquelynn Benjamino1 , Joerg Graf1 , Daniel J. Gage1
1
Department of Molecular and Cell Biology, University of Connecticut, Storrs CT
Wood-feeding termites such as R. flavipes associate with hindgut microbiota from all three domains of life.
These include protist species and their associated bacterial symbionts. Several protists species including Trichonympha agilis, Pyrsonympha vertens, and Dinenympha species II, associate with endosymbionts belonging
to the bacterial class, Endomicrobia. In this study, we investigate whether different species of Endomicrobia
carry out the same functions across these protist species. Metagenomes of single protist cells were binned using
nucleotide frequencies, and near complete draft genomes of their endosymbionts were obtained. Genome analysis
of these endosymbionts supports that each protist species harbors a different species of endosymbiont, each with
the capacity to utilize different carbohydrates. Compared to a free-living close relative, the genomes of these
endosymbionts have reduced in size by as much as 25%. Although the genomes shared the same genes involved
in vitamin synthesis, there were differences related to amino acid biosynthesis. Collectively, our results suggest
that these Endomicrobia experience different metabolic demands which may be due to their hosts physiology
or other ecological factors.

17

Soil transport of plant growth promoting rhizobacteria
Gabrielle Corso1 , Brian Cruz2 , Kelly OSullivan1 , Alycia Fulton1 , Jamie Miccuila2 , Leslie Shor1 , Daniel J.
Gage1
1
Molecular and Cellular Biology, University of Connecticut, Storrs, CT 2 Chemical, Materials and Biomolecular
Engineering, University of Connecticut, Storrs, CT
Some strains of soil-dwelling bacteria can enhance growth of plants when present in the rhizosphere (Plant
Growth Promoting Rhizobacteria PGPR) PGPR enhance growth through a variety of mechanisms including:
A) increased acquisition of nutrients such as nitrogen, phosphorus or iron, B) modulation of plant hormones
such as cytokines, gibberellins and ethylene or C) protection from pathogens. PGPR are often added to seeds
to improve crop yields, or to reduce inputs such as fertilizer. Often, however, PGPR are ineffective in the
field because they fail to efficiently colonize the roots of their host plants. This is often caused by restricted
movement of PGPR through soils, inefficient water-based transport of PGPR or competition with endogenous
bacteria. We propose that soil protists have the capacity to move PGRP and that they may increase PGPR
effectiveness by allowing the inoculated bacteria to keep up with growing roots. We have isolated, cultured and
begun characterizing the transport capabilities of about 25 different cyst-forming soil protists. These protists
are being characterized in terms of growth rates, growth yields, bacterial feeding preferences and in an in-vitro
micromodel transport assay that allows a quick test of the ability of the protists to move bacteria through porous
environments. The top 8 bacteria-moving protists will be used in a series of increasingly realistic experiments
to determine their effectiveness in moving rhizobial bacteria along the roots of test legumes. Experiments will
measure the effects of these protists on rhizobial transport through soil, rhizobial effectiveness in the face of
bacterial competitors and rhizobial effectiveness on established roots.

18

The cholesterol-dependent cytolysin pneumolysin triggers internalization of GPI-anchored proteins in a Rho and Rac GTPase-dependent manner during S. pneumoniae infection
Elsa Bou Ghanem1 , Nick Lee1 , Stacie Clark1 , Sara Roggensack2 , Alenka Lovey1 , Walter Adams1 , Andy
Camilli3 , Rod Tweeten1 , John Leong1
1
Department of Molecular Biology and Microbiology, Tufts University, Boston, MA 2 Department of Neuroscience, Tufts University, Boston, MA 3 Department of Microbiology and Immunology, University of Oklahoma
Health Sciences Center, Oklahoma City, Oklahoma
Extracellular adenosine produced by the glycophosphatidylinositol (GPI)-anchored cell surface protein, CD73,
is required for host resistance against S. pneumoniae lung infection. We show here that S. pneumoniae infection
triggered a decrease in surface-associated CD73 and other GPI-anchored proteins on lung epithelial cells. Using
pneumococcal infection of a lung epithelial cell line, we followed the fate of GPI-protein cell surface proteins
using fluorescently labeled mutant aerolysin (FLEAR), which binds GPI anchors, to identify host and bacterial
factors that contribute to this response. We found that infection triggers the internalization of GPI-anchored
proteins in a RhoA and Rac-1 GTPase-dependent manner using broad and specific inhibitors. Additionally,
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the cholesterol-dependent pore-forming toxin pneumolysin (PLY) was both required and sufficient for this internalization. The pore-forming activity of pneumolysin was crucial for this reduction and other pore-forming
cholesterol-dependent toxins triggered the same response. Importantly, removal of GPI-anchored proteins was
associated with lower levels of PLY-induced damage as those cells were less apoptotic, as measured by annexin
V staining, and were better able to repair PLY-induced pores. Our data suggests that internalization of GPIanchored proteins occurs as part of cell membrane repair following pore formation by cholesterol-dependent
cytolysins and may have important consequences on host responses.

19

Modulation of the Zn(II)-binding and functional roles of S100A7 through its intramolecular
disulfide bonds
Lisa S. Cunden1
1
Department of Chemistry, Massachusetts Institute of Technology
Human S100A7 (Psoriasin, A7) is a metal-chelating host-defense protein expressed mainly by epithelial cells that
plays a key role in innate immunity against pathogens in humans and vertebrates. S100A7 is a homodimer that
exhibits two His3Asp motifs at the dimer interface for chelating transition metal ions, as well as four EF-hand
domains per dimer. Each S100A7 monomer contains two cysteine residues, Cys47 and Cys96, that exist as free
thiols in the reduced form, S100A7red, or as an intermolecular disulfide bond in the oxidized form, S100A7ox.
We report that the functional roles of S100A7 are affected by the redox states of these cysteine residues. We
present the midpoint potentials of apo- and Ca(II)-bound S100A7 determined at pH 7.0, which reveal that
Ca(II) binding lowers the midpoint potential of the disulfide bond by 45 mV. Additionally, we confirm that apo
S100A7ox is a substrate for the mammalian thioredoxin/thioredoxin reductase (Trx/TrxR) system, and show
that the disulfide bond in Ca(II)- or Zn(II)-bound S100A7 is not readily reduced by this system. We present
metal-binding studies that establish both S100A7ox and S100A7red coordinate two Zn(II) ions with high affinity at the His3Asp sites, and that the free Cys residues in S100A7red do not create an additional high-affinity
Zn(II) site. We also show that S100A7ox exhibits in vitro antibacterial activity whereas two S100A7 variants
that lack Cys residues do not inhibit bacterial growth. Taken together, these data highlight the importance of
the cysteine redox state of S100A7 in its functional role as a Zn(II)-sequestering host-defense protein.

20

Predicting species-wide virulence for Streptococcus pneumoniae; a bacterial pathogen with a
large pan-genome
Federico Rosconi1 , Matthew Phillipo1 , Eva Paulie1 , Tim van Opijnen1
1
Department of Biology, Boston College

Streptococcus pneumoniae is a natural inhabitant of the human nasopharynx, but it can trigger severe disease (1
million fatalities/year) when it disseminates to other sites like the lungs or blood. Its success in colonizing these
different compartments is often thought to be primarily dependent on the capsule. However, besides variability
in available capsules, S. pneumoniae has a large pan-genome, where two random strains may differ by more than
200 genes (10%). We hypothesize that non-capsule related genetic determinants, as well as the host immune system play an equally important role. To elucidate this complexity, we are performing a comprehensive functional
study of S. pneumoniae-host interaction in a number of strains representing a large part of the pan-genome. In
that order, we carefully selected 33 strains that cover 85% of the pan-genome and 15 different capsule serotypes.
We have set-out to characterize these 33 isolates by determining the genetic elements important for colonization
of the nasopharynx, induction of pneumonia and sepsis, and by studying the host immune response to infection.
To achieve this we apply cutting-edge tools including transposon insertion sequencing (Tn-Seq) and Luminex
xMap technology. Our latest results show that our isolates have: 1) widely different virulence levels; 2) different
lungs or blood colonization abilities, and 3) different induction-levels of the host immune response. Our final
aim is to collect and integrate all the genetic and phenotypic data to create a S. pneumoniae species-wide model
that is able to predict the main phenotypes for new or non-characterized isolates.

21

Topology of the type 3 secretion system translocon pore protein IpaC in host cell membranes
Brian C. Russo1, 2 , Marcia B. Goldberg1, 2
1
Division of Infectious Diseases, Department of Medicine, Massachusetts General Hospital 2 Department of Mi-

39

2017 Boston Bacterial Meeting - Poster Abstracts
crobiology and Immunobiology, Harvard Medical School
Type 3 secretion systems (T3SSs) are essential for virulence of 30 bacterial pathogens. T3SSs deliver bacterial virulence proteins into the eukaryotic cytosol through a pore formed by the T3SS in the eukaryotic
plasma membrane. The pore of Shigella is composed of two bacterial proteins IpaB and IpaC. IpaC interacts
with intermediate filaments, eukaryotic structural proteins, to activate the pore. Pore activation is required
for virulence proteins to traverse the pore and access the cytosol. Despite this critical role, there is much
uncertainty about the nature of this interaction and the mechanisms that enable pore activation. Here, single
cysteine replacement mutagenesis with site-directed labeling was utilized to define the orientation of IpaC in
the host membrane following infection. Our results indicate the N-terminus of IpaC is located on the surface
of the host cell, the C-terminus of IpaC is located in the cytosol of the host cell, and IpaC contains a single
transmembrane span. The C-terminus of IpaC interacts with host structural proteins; these findings indicate
that the location of this interaction is in the host cytosol. This study shows the feasibility of utilizing similar
approaches to compare active and inactive pores, and provides new insight into the topology of IpaC in the
membrane of host cells following its delivery by the T3SS.
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Isolating and Characterizing Predatory Bacteria From The Built Environment
Luke Zappia1 , Laura E. Williams1
1
Department of Biology, Providence College, Providence RI

Predatory bacteria attack and digest other bacteria, including animal and plant pathogens. Bdellovibrio,
the most widely studied of predators, attach to Gram-negative host cells and penetrate the periplasm. The
host cell then bursts via predator propagation. A variety of predatory bacteria species have been observed
across environments ranging from terrestrial to aqueous. Understanding variation in prey range and predation
efficiency could inform development of predatory bacteria as alternatives to antibiotics. To further explore
variation among predatory bacteria, we aimed to isolate and characterize predatory bacteria from the built environment via culture-independent and dependent approaches. In culture-independent approaches, we collected
swab samples from a janitorial closet drain located at Providence College and extracted metagenomic DNA.
Using Bdellovibrio-specific PCR of the 16S rRNA gene, we assayed the drain samples and detected positive
evidence of predatory bacteria. We observed attachment of predatory bacteria to prey cells via 1000x phase
contrast. Enrichments were plated via double agar overlay, plaque formation varied in size and appearance.
This range of plaque phenotypes poses the question of whether these are genetically distinct strains of predatory
bacteria or if one strain recovered from the drain is exhibiting phenotypic plasticity. We sequenced the 16S
rRNA gene of each of the eight isolates via universal primers. The resulting 1300 bp sequence was identical for
the seven isolates. This 16S rRNA gene sequence has 95%-96% identity to Bdellovibrio bacteriovorus, suggesting
that these isolates are within the Bdellovibrio genus. Genomic data is currently being processed and will be
compared for variation.
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Streptococcus pneumoniae Triggers Autophagy in Macrophages in a Pneumolysin-dependent
Manner.
Megumi Inomata1,2 , Elsa Bou Ghanem1 , Jeff N. Weiser3 , John M. Leong1
1
Department of Molecular Biology and Microbiology, Tufts University School of Medicine 2 Department of Oral
Microbiology, Division of Oral Infections and Health Sciences, Asahi University School of Dentistry 3 Department
of Microbiology, New York University
Streptococcus pneumoniae (pneumococcus) commonly resides asymptomatically in the nasopharynx but can
cause invasive disease such as pneumonia and bacteremia, particularly in older patients. The basis for agerelated susceptibility to invasive pneumococcal infection is incompletely understood. Elderly individuals suffer
higher baseline and induced levels of inflammation, a phenomenon termed inflammaging. In addition, age is associated with defects in autophagy, a highly regulated cellular event in which intracellular components, including
senescent subcellular components and intracellular microbes, are sequestered within double-membrane vacuoles
and ultimately delivered to lysosomes for degradation. Notably, the related pathogen Group A streptococcus
triggers autophagy and ultimately bacterial clearance in a manner dependent on streptolysin O, a pore-forming
toxin highly related to the major pneumococcal virulence factor pneumolysin. We found here that autophagy
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is triggered upon pneumococcal infection of macrophages in a pneumolysin-dependent fashion, resulting in
pneumococci delivery to lysosomes. Upon infection of Atg5-/- cells, which are defective for autophagy, or of
macrophages pretreated with the autophagy inhibitor, 3-MA, pneumococci displayed enhanced survival and triggered enhanced expression of proinflammatory cytokines and chemokines. Primary bone marrow macrophages
derived from aged mice killed pneumococci less efficiently than macrophages from young mice. These results
suggest that pneumolysin-induced autophagy promotes bacterial clearance, and that age-associated dysregulation of autophagy may contribute to increased bacterial colonization, enhanced inflammation and susceptibility
to invasive pneumococcal disease.
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Staphylococcus aureus activates sensory neurons through pore-forming toxins and TRPV1 to
produce pain that is silenced by QX-314
Kimbria J. Mills1 , Pankaj Baral1 , Tiphaine Voisin1 , Ashira Lubkin1 , Felipe Almeida Pinho-Ribeiro1 , Kelsey
L. Adams3,4 , David P. Roberson1 , Yuxin C. Ma5 , Michael Otto3,4 , Clifford J. Woolf2 , Victor J. Torres1 ,
Isaac M. Chiu1
1
Department of Microbiology and Immunobiology, Division of Immunology, Harvard Medical School, Boston,
MA, USA 2 Department of Microbiology, New York University School of Medicine, NY, NY, USA 3 Department
of Neurobiology, Harvard Medical School, Boston, MA, USA 4 F.M. Kirby Neurobiology Center, Boston Childrens Hospital, Boston, MA, USA 5 Pathogen Molecular Genetics Section, Laboratory of Bacteriology, National
Institute of Allergy and Infectious Disease, National Institutes of Health, Bethesda, MD, USA.
The hallmark of many bacterial infections is pain. However, the underlying molecular mechanisms of pain
during live pathogen invasion are not understood. Furthermore, few treatments have been developed to specifically target pain during infection. We find that the virulence determinant agr, bacterial pore-forming toxins
(PFTs), and the cation channel, TRPV1, critically mediate pain produced by methicillin-resistant Staphylococcus aureus (MRSA) during infection. Three distinct types of S. aureus PFTs: -hemolysin (Hla), phenol soluble
modulins (PSMs), and bicomponent leukocidin HlgAB, directly induced action potential generation by sensory
neurons, and produced pain-associated behaviors when injected into mice. Infection with MRSA mutant strains
lacking specific toxins demonstrated that Hla, but not PSMs or leukocidins, was necessary for nocifensive pain.
TRPV1 did not mediate nocifensive pain, but rather critically mediated the heat hyperalgesia that developed
during infection. We hypothesized that PFTs would allow entry of the membrane-impermeable sodium channel
blocker QX-314 into nociceptors to silence pain. QX-314 induced immediate blockade of PFT induced pain,
and long-lasting blockade of mechanical and heat hyperalgesia during MRSA infection. This analgesia was significantly more effective than lidocaine or ibuprofen, two widely used treatments. Therefore, targeting sensory
neurons through QX-314 is an effective strategy to silence pain during bacterial infections.

25

Endospore formers in the human gut trade off within-host persistence for cross-host transmission
Sean Kearney1,2,3 , Eric Alm1,2,3
1
Department of Biological Engineering, Massachusetts Institute of Technology, Cambridge, MA, U.S.A. 2 The
Broad Institute, Cambridge, MA, U.S.A. 3 The Center for Microbiome Informatics and Therapeutics, Cambridge, MA, U.S.A.
Endospore-formers in the human microbiota have recently received attention for their ubiquity, role in hostto-host transmission, and significance in health and disease. However, there has been limited work on the role
of endospore formation for these organisms, which is expected to increase their long-term survival until they
encounter a suitable host. Additionally, endospore formation comes at the cost of arresting growth, giving the
expectation that endospore-formers sacrifice persistence within a host to enhance transmission across hosts. By
directly measuring the endospore fraction in human feces, we find that endospore-formers optimize for transmission at the expense of persistence within a host over time. Further, organisms that produce endospores
exhibit distinct and correlated dynamics from the rest of the microbiota. Despite other organisms having the
genomic capacity for endospore formation, only those that are actively producing endospores show these dynamics. Shared environmental signals governing these dynamics seem to mediate colonization of recently disturbed
microbiota, and endospore-formers preferentially colonize and grow in these settings. Taken together, our results
suggest that endospore-formers act together to remodel the gut ecosystem following disturbance by optimizing
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for transmission to new hosts.
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RNA-seq Enrichment Unveils Novel Genes in Mechanisms of Bacterial Colonization in the Gut
Microenvironments
Wen-Chi Chou*, 1 , Gregory P. Donaldson*, 2 , Abigail L. Manson1 , Georgia Giannoukos1 , Alexandre Melnikov1
, Peter Rogov*, 2 , Sarkis K. Mazmanian*, 1 , Ashlee M. Earl1
1
Broad Institute of MIT and Harvard, Cambridge, MA 2 Division of Biology and Biological Engineering, California Institute of Technology, Pasadena, CA
Gut microbiome changes have been linked to many diseases, including diabetes, inflammatory bowel disease, and
mental illness. However, little is known about how gut bacteria respond to different microenvironments during
the colonization process. Previously, commensal colonization factors (CCFs) were identified in Bacteroides fragilis that are necessary for colonization of the mucus and crypts of the host gut. To explore other mechanisms of
bacterial colonization of these microenvironments, we enriched the low abundant bacterial RNA from samples
taken from lumen, mucus, and crypts of germ-free mice mono-colonized with B. fragilis for RNA-seq comparative
analysis. Our enrichment strategy was able to increase the bacterial RNA in samples from mucus and crypts by
62 and 127-fold, respectively. Among differentially expressed genes when comparing across gut microenvironments, we identified genes encoding a sulfatase and a -amylase that were among the most up-regulated genes
in mucus and crypts. Using in-frame deletions of these genes in mouse colonization experiments, we found that
they contribute to mucosal colonization and are required for competitive exclusion of invading strains. We also
observed that a family of glycosyltransferases was enriched among differentially expressed genes. These findings
reveal that gut bacteria may use different mechanisms to colonize different gut microenvironments.
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Role of Nociceptor Neurons in Regulating Enteric Bacterial Populations and Host Defense
Nicole Lai1 , Kaitlin Goldstein1 , Kimbria Mills1 , Zuojia Chen2 , Chuan Wu1 , Isaac Chiu1
1
Harvard Medical School, Boston, MA 2 Brigham Womens Hospital, Boston, MA
Pain-mediating sensory neurons, called nociceptors, respond to noxious or tissue-damaging stimuli and innervate peripheral barrier tissues including the gastrointestinal (GI) tract. Recent work shows that nociceptors
possess receptors that can directly sense pathogenic bacteria to produce pain, and that these neurons regulate
tissue inflammation. Whether nociceptor neurons modulate host defense against enteric infections has not been
explored. We hypothesize that the lack of a crucial alarm system in nociceptor-depleted mice would result
in greater bacterial pathogenesis. Using mice depleted of Nav1.8 or TRPV1 lineage neurons, we found that
there was higher bacterial dissemination to spleens and livers after oral infection with Salmonella typhimurium
compared to nociceptor-sufficient counterparts. Gut peristalsis was slowed in naive nociceptor-depleted mice
as demonstrated by decreased motility of the colon. After S. typhimurium infection, colon motility increased
in nociceptor-depleted mice. Using 16S rRNA sequencing, we found that the fecal bacterial composition was
not significantly different between nociceptor-depleted and wildtype littermates before infection, however the
bacterial compositions differed at 5 days post infection with an enrichment of Enterobactericeae in feces of
nociceptor- depleted mice. We propose that nociceptors play a role in host defense against Salmonella invasion
in part by regulating gut motility and enteric bacterial communities to promote pathogen clearance from the
host GI tract. Deciphering how host sensory neurons crosstalk with commensal and pathogenic bacteria has
implications for development of therapies to control pain and treat enteric infections.
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Rapid adaptation of the gut microbiota via de novo mutations within healthy humans

Shijie Zhao*,1,2,3 , Tami Lieberman*,1,3 , Eric Alm1,3
MIT Biological Engineering Department 2 MIT Biology Department The Center for Microbiome Informatics
and Therapeutics
1

Little is known about the genomic changes that our microbiota acquire within the healthy human gut and
whether these mutations might have functional consequences. Here we directly assess the degree to which
commensal bacteria diversify and adapt during colonization of healthy persons. We selectively cultured and
sequenced the genomes of 584 isolates of Bacteroides fragilis, a species prevalent in the large intestine, from 12
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healthy donors with time-series of up to 2 years. The diversity within each person is consistent with a B. fragilis
ancestor in the same person several years prior to sampling, suggesting long-term coexistence of sub-lineages
within each healthy person. We found evidence of a type VI secretion system transfer among Bacteroides species
within an individual, suggesting selection for warfare modules. We also found positive selection drove the withinperson adaptation of a set of B. fragilis genes, as revealed by parallel evolution and an enrichment of amino-acid
changing mutations. Genes acquiring adaptive mutations are involved in polysaccharide utilization and capsule
polysaccharide synthesis, including a conserved gene shown to be essential for colonization in mouse models
(ccfC ). Metagenomic sequencing of a densely sampled time-series from one donor revealed clonal interference
followed by a rapid sweep within one of the two major coexisting lineages. Despite this strong selection, the
relative abundances of the two major lineages were stable over the 2-year period, suggesting niche specialization.
These results suggest that microbiome is constantly adapting to healthy persons, driven by under-determined
positive selection that may need to be accounted for designing microbial therapeutics.
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A synthetic approach to investigate Shigella-induced macrophage cell death
Lisa Goers1, 2 , Cammie Lesser1, 2
1
Department of Medicine, Division of Infectious Diseases, Massachusetts General Hospital 2 Department of Microbiology and Immunobiology, Harvard Medical School
The cytosol of mammalian cells involved in the host innate immune response, including macrophages and
intestinal epithelial cells, contains sensors that, upon activation by microbial-derived molecules, trigger the activation of inflammasomes. This results in the maturation and secretion of pro-inflammatory cytokines, and
cell death. During the course of an infection, Shigella, the causative agents of bacillary dysentery, traverse the
epithelial layer and are engulfed by macrophage cells. Once internalised, the intracytoplasmic Shigella trigger
rapid macrophage cell death, resulting in the release of bacteria that invade the basal lateral surface of nearby
epithelial cells and subsequently spread throughout the colonic epithelium. Shigella, and many other Gramnegative pathogens, use a type III secretion system (T3SS) to directly inject proteins, known as effectors, into
the cytosol of the mammalian host cells. Shigella effectors act to modulate host pathways, but the targets
of many effectors remain poorly characterized, as traditional top-down approaches using knock-out strains are
hindered by functional redundancy of effectors. By introducing a functional T3SS into a laboratory strain of E.
coli our group has developed a novel bottom-up platform to investigate the roles of individual Shigella effectors
in specific steps of pathogenesis. Using complementary top-down and bottom-up approaches, I propose to identify Shigella effectors that trigger macrophage host cell death. This approach will address questions about how
pathogens are detected inside infected cells, why Shigella induce cell death of macrophages, but not epithelial
cells, and how the bacteria can use effector proteins to manipulate host cell behavior.

30

An innovative solid plate based secretion assay provides evidence for a chaperone-independent
Type III Secretion pathway in Shigella flexneri
Nadja H. Ernst1, 2 , Analise Reeves1, 2 , Lauren Scarpetti3 , Cammie F Lesser1
1
Department of Medicine, Division of Infectious Diseases, Massachusetts General Hospital 2 Department of Microbiology and Immunobiology, Harvard Medical School Northeastern University, College of Science
Many Gram-negative bacterial pathogens utilize specialized nanomachines, including type III secretion systems (T3SSs), to inject proteins directly into host cells. The secreted effectors target and manipulate host
cellular processes to promote bacterial replication and survival. Many questions still exist regarding how effectors are recognized, delivered and loaded into these needle-like molecular machines. While all effectors contain
an N-terminal secretion signal sequence, many also encode a downstream chaperone-binding domain. In the
case of chaperoned effectors, an ATPase binds the chaperone-effector complex and then loads the effector in an
unfolded state into the secretion apparatus. Surprisingly, we observe that half of Shigella effectors do not bind
to a known T3S chaperone nor do they require these chaperones to be recognized as secreted substrates, raising
the question of whether unidentified chaperones exist or, alternatively, effectors can be secreted via a chaperoneindependent pathway. To facilitate the investigation of these questions, we developed a quantitative plate based
secretion assay to study effector secretion in a high-throughput manner. We observe that all effectors, which
are independent from known T3S chaperones, do not require any Shigella proteins encoded outside of the SER
(Shigella entry region), a region on the Shigella virulence plasmid that encodes the T3S apparatus.Furthermore,
43

2017 Boston Bacterial Meeting - Poster Abstracts
we observe that some chaperoned effectors are secreted even in the absence of their chaperone. Here, we present
first evidence that T3 effector secretion is mediated via both chaperone-dependent and independent pathways,
raising the intriguing possibility that perhaps all effectors share a common core secretion signal.
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Siderophore-based Strategies to Target Gram-negative Bacterial Pathogens
Tengfei Zheng1 , Phoom Chairatana1 , Irène Pitard1 , Wilma Neuman1 , and Elizabeth M. Nolan1
1
Department of Chemistry, MIT
Bacterial resistance to antibiotics has increased over the past several decades. The resistance of Gram-negative
bacteria to antibiotics is mainly caused by the low permeability of their outer membrane. Thus, Gram-negative
bacteria have become a major health concern because there are few antibiotics that are effective against these
pathogens. Siderophore-based antibiotic delivery is a promising approach to overcome this permeability barrier
that prevents antibiotics to reach intracellular targets. Iron is an essential nutrient and bacteria must sequester it from the host. Bacteria therefore synthesize siderophores, small-molecule iron chelators, and express
specific membrane transporters for the uptake of ferric siderophores. We show that the molecular recognition that occurs between a siderophore and its receptor can be used to selectively transport antibiotics into
pathogenic bacteria. We have synthesized siderophore-antibiotic conjugates that target pathogenic bacteria and
are composed of enterobactin (Ent), a native catecholate siderophore biosynthesized by Gram-negative bacteria,
and a β-lactam antibiotic. In comparison to the parent β-lactam, these Ent-β-lactam conjugates possess up
to 1000-fold enhanced activity against various Escherichia coli strains and achieve species-specific killing in a
Gram-positive/negative mixed culture.
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Microbial Dysbiosis and Asthma
Nidhee Krishnan1 , Dr. Roger Greenwell1
1
Worcester State University
Asthma is classified as a heterogeneous cluster of inflammatory disorders with varying phenotypes. Due to
the wide range of phenotypic presentations, there is discussion surrounding the etiology of early onset asthma.
While some factors are hypothesized to be genetic, there are numerous factors which are named to be environmental. Amongst the numerous theories is the impact of microbial dysbiosis on asthma susceptibility and
onset. In early onset asthma, it is determined that the colonization of microbiota within the first 100 days of
life can predict the susceptibility of asthma in a child or adolescent. Researchers have elucidated numerous
taxa that appear to impact this dysbiosis which include: increased populations of certain strains in asthmatic
lungs and diminished populations of strains found in larger populations in healthy lungs. Existing therapies
endeavor to alleviate symptomatically; however forthcoming therapies endeavor to find a more permanent cure
by synthetically manipulating the microbiome in the lung by inoculation.
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Lactic acid bacteria are rare and variable members of cabbage phyllosphere microbiomes
Esther Miller1 , Jonah Schwartz1 , Benjamin Wolfe1
1
Biology Department, Tufts University
Microbial communities assemble on the phyllospherethe above ground portion of plants that is colonized by
microbes where they can have an impact on plant health and growth. While most research carried out on the
phyllosphere has focused on patterns of microbial community assembly, the goal of this project is to identify
the underlying processes driving these patterns. This work uses one focal group of bacteria, lactic acid bacteria
(LAB) and their interactions in the Napa cabbage (Brassica rapa) phyllosphere. LAB include the species responsible for vegetable fermentation, these have been extensively studied due to their ability to preserve food. LAB
are known to be universally present in vegetable phyllospheres, but the processes that shape their abundances in
plant systems are unknown. Using amplicon metagenomic sequencing, we assessed the phyllosphere microbiome
of Napa cabbages planted at three different sites in the Greater Boston Area. LAB were rare in the Napa
cabbage phyllosphere across all sites. A lab-based bioassay approach using sterile Napa cabbages determined
potential sources of LAB in the Napa cabbage phyllosphere, and demonstrated that neighboring plants and soil
can both be reservoirs for LAB. Individual phyllosphere bacteria isolates from field Napa cabbages were used to
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assess their ability to grow in Napa cabbage phyllosphere. Initial results show that LAB grow poorly compared
to other phyllosphere members. Collectively, these results demonstrate that LAB are rare and variable members
of the Napa cabbage phyllosphere, and provide a system to determine the ecological and evolutionary processes
that shape phyllosphere microbiome diversity.
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Fungal volatiles mediate microbial interactions in cheese rind microbiomes
Casey M. Cosetta1 , Benjamin E. Wolfe1
1
Tufts University

Microorganisms such as bacteria and fungi produce an enormous amount of volatile organic compounds (VOCs).
Recent studies demonstrated VOCs synthesized by soil and plant-associated microorganisms mediate a variety
of inter- and intra-specific interactions; however, in natural ecosystems, microbial VOCs are much lower in
concentration than in artificial laboratory experiments. In contrast, cheese rinds have high concentrations of
VOCs due to the high density of cells in the biofilms. Using this system with high potential for VOC-mediated
interactions, I tested the hypothesis that microbial volatiles are playing significant roles in microbial interactions
in the cheese rind. Here, we screened the VOC-dependent growth responses of 16 cheese rind microbes when
exposed to the volatiles of five representative fungal isolates. We find strong and highly variable responses in
growth by a range of cheese rind bacteria. Proteobacteria were the most responsive species, ranging from a
nearly 10-fold increase in growth (Vibrio) to complete complete inhibition (Pseudoaltermonas). In multispecies
community experiments, the promotion in Proteobacteria growth also caused a shift to a Vibrio-dominated
community, suggesting that specific volatile chemicals could be driving these microbe-microbe interactions and
have implications for community development. Coupling of fungal VOC profiles from literature with their effects
on bacterial growth, pointed to VOCs potentially involved in this enhanced growth phenotypes. Subsequent
assays with two synthetic analogs of selected compounds showed that dimethyl sulfide and dimethyl disulfide
have growth promoting activity of the Proteobacteria, Vibrio. In conclusion, our results indicate a potential
role of VOC-producing fungi in mediating the assembly of cheese rind microbiomes.
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Strain-level diversity impacts community assembly and function
Brittany Niccum1 Erik Kastman1 , Benjamin Wolfe1
1
Tufts University
A major assumption in the study of microbial communities is that the function of an isolate of a species
in one community is identical to that of a separate isolate of the same species from a different community. However, we know from population-level studies that there is substantial intra-specific variation, which may impact
the way communities assemble and function. Previous studies on microbial communities have mostly relied on
16s sequencing to say what species are present and their functional potential, but this may limit our ability
to identify communities that are functionally different yet taxonomically similar. To test this assumption, we
isolated the same three species of bacteria, Staphylococcus equorum, Brevibacterium linens, and Brachybacterium
alimentarium, from nine cheese rinds from geographically distinct regions. Using whole genome sequencing, we
characterized the variation in genome content across the isolates. We predicted that the variation in genome
content would drive functional variation across the strains, which would lead to differences in the way the
communities assembled. We reconstituted the nine communities on a synthetic cheese curd agar and measured
growth rates, community composition, production of pigment, community-level global gene expression, and
production of volatile organic compounds from the diverse communities. Community assembly, as measured
by final community composition, and pigment production varied significantly across the nine communities, indicating that even with the exact same initial species present, the strain-level differences result in divergent
communities. In addition to explaining cryptic diversity within cheese making, we argue that intra-specific
functional diversity has major impacts on assembly and function in other microbiomes and should be better
characterize in the future.
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Metagenome Analysis of the Root Nodule Endophyte Community of Casuarina equisetifolia
from Tamil Nadu, India
Dharumadurai Dhanasekaran1,2 , Nathaniel Ennis1 , Mara Narayanasamy2 , Louis S. Tisa1
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Department of Molecular, Cellular and Biomedical Sciences, University of New Hampshire, Durham, New
Hampshire, USA-03824 2 Department of Microbiology, Bharathidasan University, Tiruchirappalli, Tamil Nadu,
India, 620 024
Actinorhizal plants host mutualistic symbionts of the nitrogen-fixing actinobacterial genus Frankia within nodule
structures formed on their roots. Several plant-growth-promoting bacteria have also been isolated from actinorhizal root nodules, but little is known about them. We were interested investigating the in planta microbial
community composition of actinorhizal root nodules using culture-independent techniques. To addresses this
knowledge gap, 16S rRNA amplicon sequencing was performed on DNA from the nodules of the Casuarina equisetifolia, Tamil Nadu, India. Mature root nodules of C. equisetifolia were collected from coastal and estuarine
habitats of Tamil Nadu, India. Three nodules samples were collected for each habitat. The DNA was isolated
from nodule using ultraclean plant DNA isolation kit. Sequencing libraries were prepared using Illumina Nextera
technology and 250 BP paired-end reads were sequenced using the Illumina HiSeq 2500 platform. Community
structure based on preliminary 16S rRNA amplicon data was analyzed via the QIIME pipeline. Profiling of the
nodule endophyte communities of the two habitats showed visible differences in their profiles. The distribution
of the endophyte communities in estuarine and coastal habitats were distinct as determined by principle coordinated analysis of the beta diversity. For both habitats, the two dominant families were Rubrobacterriaceae and
Geodermatophilaceae, which were followed by Micrococcaceae, Pseudonocardiaceae, and Nocardiaceae. The
microbial community from the estuarine habitat revealed greater diversity than the coastal habitat. This result
suggest that high salinity conditions decreased microbial diversity compared to the moderate salinity location
of plantation. Actinorhizal plants harbor similar non-Frankia plant-growth-promoting-bacteria as legumes and
other plants. The data suggests that the endophytic microbial community was influenced by environmental
factors especially salinity.
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It Takes Two to Tango: Mechanisms of Social Motility
Lucy M McCully1 , Adam S Bitzer1 , Leah M Smith1 , Auur M Sigurbjrnsdttir3 , Sarah C Seaton2 , Oddur
Vilhelmson1 , Mark W Silby1
1
Department of Biology, University of Massachusetts Dartmouth, North Dartmouth, MA, USA 2 Department
of Natural Resource Sciences, University of Akureyri, Akureyri, Iceland 3 Department of Biology, University of
North Carolina at Asheville, Asheville, NC, USA
In natural environments bacteria interact to form complex multispecies networks. While there is considerable
knowledge of the identity of the members of soil communities, much remains to be learned about their relationships and influences on one another. We use a simple model community, comprised of two distantly related
soil bacteria, to study an interspecies interaction. Co-culturing Pseudomonas fluorescens Pf0-1 and Pedobacter
sp. V48 induces social motility, a group behavior in which both bacteria move together across a hard agar
surface, an environment where neither species is motile. Evidence suggests the interaction is contact-dependent,
as social motility is not observed when the species are physically separated by a semi-permeable membrane
barrier, and both species are present throughout the moving colony. Mutational studies have implicated P.
fluorescens flagella as necessary for the interaction, though the specific mechanism by which flagella contribute
to social motility has not yet been determined. Mutations in Pedobacter, within a large genetic locus related to
polysaccharide biosynthesis, are associated with accelerated social motility and a mucoid phenotype, indicating
potential overproduction of extracellular polysaccharides to accelerate social motility. To broaden the relevance
of the observed social behavior, we tested whether related strains of both partners also show interaction-induced
motility, and found similar motile phenotypes in a subset of related isolates. These studies are providing insight
into mechanisms underlying social behaviors and characterizing roles for both species involved. Our research is
uncovering novel ways by which bacteria communicate and behave, and providing new insight into relationships
within complex bacterial communities.
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Genomic Reconstructions from Amazonia Forest and Pasture Soil Reveal Physiological Adaptations of Candidate Phyla to Tropical Sites
Marie Kroeger1 , Tom Delmont2 , A. Murat Eren2 , Jiarong Guo4 , Kyle M. Meyer1 , Kiran Khan5 , Jorge L.
M. Rodrigues4 , Brendan J. M. Bohannan3 , James Tiedje6 , Tsai Mui Siu1 , Klaus Nüsslein1
1
Department of Microbiology, University of Massachusetts Amherst 2 Department of Gastroenterology, Uni46
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Environmental Studies and Biology, University of Oregon 5 Department of Land, Air, and Water Resources,
University of California-Davis 6 Department of Cell and Molecular Biology, CENA-University of So Paulo

The Amazon rainforest, a biodiversity hotspot, is under threat from human activities, specifically forest-topasture conversion. To understand the impact of land-use change on microbial biodiversity, we collected representative soil core samples from primary rainforest and adjacent pasture habitats in the Amazon Basin. Since
the majority of microorganisms currently have no cultivated representative, thus are considered members of
candidate phyla, we focused our investigation on the genomic potential of these undescribed microorganisms to
improve cultivation attempts and illuminate their biogeochemical roles. Using genome-resolved metagenomic
and metatranscriptomic approaches, we reconstructed eleven metagenome-assembled genomes (MAGs) that belong to candidate phyla Microgenomates, Parcubacteria, TM6, and Rokubacteria. Currently, Microgenomates
are thought to be obligate anaerobes using fermentation for energy generation. Amazonian Microgenomates
MAGs however contained genes involved in aerobic respiration, suggesting they are at least oxygen tolerant.
Amazonian TM6 genomes contained genes coding for HigB toxin and internalin, favoring the current view of a
parasitic life style for this lineage. The Amazonian Rokubacteria MAG is the first of this phylum to contain a
particulate methane monooxygenase, indicating expanded C1 metabolic capabilities previously unknown. The
eleven MAGs we recovered from Amazon soil provide new insights into this underexplored biome, revealing
novel lineages with distinct adaptation capabilities within poorly understood phyla.
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Microbial games at genomic resolution: understanding the evolution of metabolic interdependencies in microbial communities
Ali R. Zomorrodi1 , Daniel Segr1,2,3
1
Bioinformatics Program, Boston University 2 Department of Biology, Boston University 3 Department of Biomedical Engineering, Boston University
Metabolite exchanges in microbial communities give rise to complex networks of inter-species dependencies
that govern ecosystem diversity and stability. It is unclear, however, how the rise of these interactions varies
across organisms and metabolites. To address this question we propose a hybrid modeling approach that
integrates genome-scale models of metabolism with evolutionary game theory. Specifically, we use microbial
fitness values estimated by metabolic models to infer evolutionarily stable interactions in multi-species microbial
games. After validating our approach using the well-characterized system of sucrose hydrolysis by S. cerevisiae,
we performed over 80,000 in silico experiments to infer the landscape of metabolic interactions in populations of
Escherichia coli secreting 189 amino acid pairs. We found that most amino acid pairs display shared patterns of
inter-species dependencies despite the diverse nature of the exchanged amino acids. However, we also observed
multiple deviations from this shared pattern that are caused by pleiotropy and epistasis in metabolism. Through
further in silico experiments we unraveled possible evolutionary paths that lead to obligate cross-feeding. Overall, our study provides mechanistic insights into the rise of evolutionarily stable metabolic interdependencies in
microbial communities, with important implications for biomedicine and microbiome engineering.
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Expanding the Human Oral Microbiome Database to identify the bacterial microbiota of the
nasal passages at the species level using 16S rRNA tag sequencing
Isabel F. Escapa1,2 , Tsute Chen1,2 , Yanmei Huang1 , Floyd Dewhirst1,3,4 , Katherine Lemon1
1
The Forsyth Institute 2 Harvard School of Dental Medicine 3 Boston Childrens Hospital 4 Harvard Medical School

The human nasal passages harbor both harmless and pathogenic bacterial species, often from the same genus.
Therefore, to achieve clinically relevant results when studying nasal microbiome composition and pathogen colonization, sequences must be identified to species level. Traditional algorithms that cluster 16S rRNA sequences
into Operational Taxonomic Units (OTUs) based on percent identity across sequence length reliably achieve
only genus-level resolution. Newer algorithms, e.g., Minimum Entropy Decomposition (MED) and Divisive
Amplicon Denoising Algorithm (DADA2), group sequences into phylotypes consistent with being derived from
a single real variant, not by overall similarity score. But, to achieve the most informative taxonomic assignment
47

2017 Boston Bacterial Meeting - Poster Abstracts
these high-resolution algorithms must be coupled with a well curated 16S rRNA gene database. The Human
Oral Microbiome Database (HOMD) is the comprehensive, high-resolution database that has enabled reanalysis
of oral datasets with these new tools. No comparable database existed for other body sites. Because the nasal
passages are the preferred habitat of important bacterial pathogens, e.g., Staphylococcus aureus, we expanded
HOMD (eHOMD) to include species commonly found in the sinuses and nasal passages, making eHOMD the
premier database for the aerodigestive tract. Moreover, we enhanced eHOMD functionality by creating a highresolution training set for use with the Ribosomal Database Project (RDP) Classifier to achieve species-level
identification whenever possible from 16S rRNA tag sequences. We demonstrated the strength of eHOMD by
reanalyzing published datasets. eHOMD is a resource for studying the bacterial microbiome of the aerodigestive
and respiratory tracts with tools for 16S rRNA gene data analysis at species-level resolution.
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Engineering a mycotoxin degrading community via artificial selection of bacterial strains.
Marco Zaccaria1 , Babak Momeni1
1
Department of Biology, Boston College
Mycotoxins are extremely dangerous fungal secondary metabolites. They are ubiquitous pollutants of food
commodities such as corn, barley, peanuts, rye, and dairy products. The economic burden they cause is estimated to be $3 billion/year in US and Canada alone. Chemical and physical detoxification are highly detrimental
to the environment, and there is strong need of more sustainable approaches to address mycotoxin contamination. Because several mycotoxins co-occur in nature, we aim to engineer a stable bacterial community capable
of degrading multiple toxins. We focus on six predominant groups, including Aflatoxin B1, the most potent natural carcinogen known. Our experimental plan consists of employing bacterial strains with an innate mycotoxin
degradation potential, artificially selecting them for increased efficacy, and finally assembling a stable toxinremediating community. We focus on strains of the genus Rhodococcus, an aerobic Actinobacterium with wide
catabolic potential, thanks to its ample genomic inventory. We use artificial selection through droplet-based
microfluidics to select strains with improved degradation properties. In droplets-based microfluidics artificial
selection, droplets of culture medium, harboring single bacterial cells exposed to mycotoxins, are created and
then sorted based on a single variable of interest: in our case, mycotoxin degradation efficiency. This method
allows screening the bacterial population to identify and isolate cells harboring low-frequency traits, which
would otherwise be veiled by the average response of the population. Once the strains are selected, we plan will
assemble a stable community through mathematical modeling of its dynamics.
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Spatial organization of the human tongue dorsum microbiome at the micron scale
Steven A. Wilbert1 , Jessica L. Mark Welch2 , Floyd E. Dewhirst1 , Gary G. Borisy1
1
The Forsyth Institute, Cambridge, MA 2 Marine Biological Laboratory, Woods Hole, MA
In our previous work using multiplexed, spectral imaging and fluorescence in situ hybridization, we discovered a multi-genus consortium in human dental plaque. Its distinctive structure permitted us to generate
specific hypotheses for how the consortium develops, functions and is maintained. We now apply the same
approach to the microbiome of the human tongue. We designed oligonucleotide probes for taxa abundant and
prevalent on the human tongue dorsum as determined by oligotyping re-analysis of Human Microbiome Project
data. As with plaque, multiplexed imaging revealed a highly structured spatial organization ranging in size
from fifty to hundreds of microns. However, the organization differed from plaque in both structural detail and
taxonomic composition. Featured on the tongue were consortia whose members were primarily cocci from the
genera Streptococcus, Rothia, Neisseria, Actinomyces and Veillonella. Fifteen additional genera were detected,
albeit at lower abundance and prevalence. The consortia radiated outward from a core of epithelial cells, with
individual taxa clustering in domains suggesting clonal expansion. The range expansion/contraction of these
domains permits inferences regarding the selective advantage of the taxa during development. Species-level
analysis revealed distinctive tropisms in the oral microbiome. For example, Rothia on the tongue was essentially entirely R. mucilaginosa. Available genomic information indicates that several tongue taxa are candidate
nitrate reducers, suggesting they play a role in host nitric oxide homeostasis which is significant for systemic
control of vasodilation and blood pressure. Our work illustrates how high-resolution analysis of micron-scale
organization can provide insights into physiological functions and microbiome-host interactions.
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Modeling bacterial contact-dependent growth inhibition
Samantha Dyckman1 , Babak Momeni1
1
Boston College
Bacteria within communities have complex interactions. Contact-dependent growth inhibition (CDI) is an
example of a negative cell-to-cell interaction that can strongly impact the dynamics of a community. The CDI
cells will inhibit target cells, and this interaction will only occur if direct contact is made between the cells.
CDI positive cells also produce an immunity protein to neutralize the CDI toxin, preventing self-harm or harm
to other closely related members of the community. However, there is not a model for describing this negative
inhibition on target cells.Here, we are using CDI to better understand negative interactions within communities.
Modeling CDI dynamics will elucidate negative interactions as a whole and their role in community stability.
For this approach, we use two-species communities comprised of an Escherichia coli (E. coli ) strain that exerts
CDI and a target E. coli K12 strain. The two species are labeled with different fluorescent markers. This allows
us to quantitatively measure how the communitys populations change over time. The fluorescence intensity
at varying ratios and density of the populations are measured. Then using this data, we quantify the impact
of the CDI on the target cells. We construct a model to describe the impact of this negative interaction in a
community. This will facilitate future efforts in microbial community modeling.

44

Metagenomic Analysis of Stone-Dwelling Actinobacteria of Ancient Roman Ruins of the Mediterranean Basin
Nathaniel J Ennis1 , Moussa Louati2 , Faten Ghodhbane-Gtari2 , Karima Hezbri2 , Maher Gtari1 , Louis S.
Tisa1
1
University of New Hampshire 2 Universite de Tunis El Manar, Tunis, Tunisia
Despite adverse conditions, bacterial communities are found on stones of varying geology and climates. Members of Geodermatophilaceae, an Actinobacteria family, are isolated from stone surfaces around the world and
are tolerant to desiccation, irradiation, and other environmental factors. Geodermatophilaceae isolated from
cracks in stone ruins in the Mediterranean basin may contribute to stone degradation and thus threaten these
heritage sites. We were interested in the community structure of these stone-dwelling bacteria. The profiles
of bacterial communities from stone ruins of Tunisia and Algeria were determined using culture-independent
methods. DNA was extracted from stone samples collected from three sites in Northern Africa that exhibited
distinct climates. 16S rRNA amplicon sequencing libraries were prepared with Illumina Nextera technology and
250bp paired-end reads were sequenced using the Illumina HiSeq 2500 platform. The community structures of
stone-dwelling communities were analyzed through QIIME. The majority of these communities was composed of
Actinobacteria. Among these Actinobacteria, members of Geodermatophilaceae were the only OTU present in
each sample and were more prevalent under increased aridity. Cyanobacteria were common under more humid
environments, while Micrococcaceae were common in arid environments. Overall, the stone-dwelling communities exhibited distinct community structures for each sampling location. Climate had a significant influence on
the composition of stone-dwelling communities, of which Geodermatophilaceae was a core member. Under arid
conditions, Geodermatophilaceae and Micrococcaceae were more prevalent in the community structure, while
cyanobacteria were present in humid environments. Future work will investigate other factors contributing to
community structure and metagenomics to explore functions of these communities.

45

10X linked-read data for mixed microbial communities
Christopher A. Desjardins1 , A. Brantley Hall1 , Henry L. Schreiber IV2 , Seth N. Redmond1 , Sinead B.
Chapman1 , Hera Vlamakis1 , Daniel E. Neafsey1 , Ashlee M. Earl1
1
Infectious Disease and Microbiome Program, Broad Institute, Cambridge, MA 2 Department of Molecular Microbiology, Washington University, St. Louis, MO
The ability to disentangle mixed microbial communities, in both metagenomic samples and infections, is becoming increasingly necessary. Closely related strains have been shown to differ greatly in phenotypic properties,
such as drug resistance or immune stimulation, yet separating these strains from each other in short-read data
is computationally difficult. 10X linked-read data provides barcoded sequences across single DNA molecules of
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10s to 100s of Kb, potentially allowing separation and reconstruction of genomes from these mixed communities
without relying on known references or requiring high coverage. To date, however, this technology has been
primarily used in sequencing of human whole genomes and exomes. Here, we evaluated the use of 10X data in
the context of both synthetic mixes of E. coli DNA and metagenomic samples from treatment time-courses of
urinary tract infections. Long molecules were recovered from both synthetic mixes and metagenomic samples,
and we evaluated current computational methods for analysis of metagenomic 10X data. 10X linked-read shows
promise for disentangling closely related and low abundance strains within mixed microbial communities.
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Sniffing out bacterial interactions. How the bacteria in your mouth communicate via volatile
compounds.
Violetta Medik1 , Slava Epstein1
1
Northeastern University, Department of Biology
Bacteria communicate in a variety of different ways leading to a complex web of interactions. One poorly
understood, but gaining attention mechanism of interactions is via volatile organic compounds, or VOCs. Bacteria produce a wide range of VOCs as their primary or secondary metabolites in different physicochemical
conditions. The interactions mediated by VOCs may be critically important anywhere where cells and populations are separated by a gas phase, from porous soils to various human body sites, such as the oral cavity.This
work focuses on the VOC mediated interactions of oral species of Streptococci and hints at the mechanism by
which spatially separated Streptococci may influence each others growth in the highly competitive environment.
This is important because Streptococci comprise 80% of early colonizers of the oral cavity, and the result of
their competition for space determines the character of the eventual multispecies biofilm. In this work, we show
that fourteen previously uncultivated species of Streptococci do produce VOCs that influence growth, biofilm
formation, and antibiotic resistance of their neighbors. VOC composition was analyzed by GCMS. Growth phase
and growth conditions, particularly cultivation media and culturing in mono- vs. co-cultures, affect headspace
composition. We found that while some VOCs are conserved across strains, others comprise unique signatures.
This approach helped us identify specific VOCs responsible for growth modulation effects.This research will aid
in the understanding of the structure of bacterial communities in the human oral microbiome and will help
resolve the mechanisms of dental plaque development.
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A Model Bacterial Community of Maize Roots
Ben Niu1 , Joseph N Paulson2,3 , Xiaoqi Zheng2,4 , Roberto Kolter1
1
Department of Microbiology and Immunobiology, Harvard Medical School, Boston, MA 02115 2 Department
of Biostatistics and Computational Biology, Dana-Farber Cancer Institute, Boston, MA 02115 3 Department of
Biostatistics, Harvard T. H. Chan School of Public Health,Boston, MA 02115 4 Department of Mathematics,
Shanghai Normal University, Shanghai 200234, China
Plant-associated microbes are crucial for the health of their hosts. However, the high complexity of plant
microbiomes challenges detailed studies to define experimentally the mechanisms underlying the beneficial effects of such microbiota on plant hosts and the dynamics of community assembly. Using host-mediated selection,
we obtained a greatly simplified synthetic bacterial community consisting of seven strains (Enterobacter cloacae, Stenotrophomonas maltophilia, Ochrobactrum pituitosum, Herbaspirillum frisingense, Pseudomonas putida,
Curtobacterium pusillum and Chryseobacterium indologenes) representing three of the four most dominant phyla
found in maize roots. In planta and in vitro, this model community inhibited the phytopathogenic fungus Fusarium verticillioides indicating a clear benefit to the host. By utilizing a selective culture-dependent method to
track the abundance of each strain we investigated the role that each plays in community assembly on roots of
axenic maize seedlings. Only the removal of E. cloacae led to the complete loss of the community and C. pusillum took over. This suggests that E. cloacae plays the role of keystone species in this model ecosystem. Thus,
our synthetic seven-species community has the potential to serve as a useful system to dissect the beneficial
effects of root microbiota on hosts and explore how bacterial interspecies interactions affect root microbiome
assembly under laboratory conditions in future.
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Oral commensal mediated inhibition of periodontal pathogen Porphyromonas gingivalis
Pooja Balani1 , Marisha Collins2 , Linden Hu2 , Margaret Duncan1
1
The Forsyth Institute, Cambridge MA 2 Tufts University, Boston MA

The aim of this study is to identify effective probiotics in a model bacterial system and their target genes
and metabolic pathways. Periodontitis is a complex polymicrobial disease affecting up to 40% of the US population, but the molecular interactions between species in this community are poorly understood. Porphyromonas
gingivalis (Pg), an oral anaerobe, is a keystone pathogen in the establishment of periodontitis. We hypothesized
that treatment of the oral cavity with bacteria associated with health would have probiotic effects preventing
oral diseases. From a screen of 350 oral commensal bacteria against Pg, we can see many of these strains can
inhibit the growth and virulence of pathogens in the oral cavity. Of the five commensal oral species isolated
from healthy adults and children, 70% of the Streptococci and 10% of Actinomyces species completely inhibited
the growth of Pg. To identify inhibitor moles from probiotic strains, HPLC fractionated supernatants of the
inhibitory strains were tested for probiotic activity against growth of Pg. Several Streptococcus oralis strains
produced an inhibitory activity only after co-culture with Pg, suggesting communication between the organisms,
while Actinomyces strains produced inhibitory compounds that were byproducts of growth. Identification of
Pg genes that render it sensitive to the inhibitors is currently underway using a saturated Pg Transposon (Tn)
insertion library to be challenged by coculture with the probiotic strains or their inhibitory metabolites. We
expect that among the challenged survivors, Pg Tn-mutants defective in inhibitor target genes or pathways will
be predominantly represented. These mutants will be identified by Tn-seq (transposon sequencing) analysis.
The results of this study will increase our understanding of the molecular mechanisms of probiotics and will
allow us to determine the in vivo role of probiotics in preventing/eliminating periodontal disease.
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Investigating cell fate determination in Bacillus subtilis biofilms
Evan Hunter1 , Yunrong Chai1
1
Northeastern University

Biofilms are multicellular bacterial communities embedded in a self-produced polymeric matrix. While cells
in the biofilm are genetically identical, these communities are heterogenous, featuring physiologically distinct
cells with unique patterns of gene expression. The soil bacterium Bacillus subtilis forms architecturally complex
biofilms, and is one of few species capable of genetic competence, a physiological state marked by greatly enhanced transformability. Here we provide genetic evidence that differentiation into the biofilm matrix-producing
and competent states are mutually exclusive phenomena. Use of a dual fluorescent reporter showed that competence arises in only a fraction of cells in a population, and is never co-expressed with biofilm matrix genes
in the same cell. Furthermore, induction of the competence transcription factor ComK increases the ratio of
competent/matrix cells in growing cultures, and hinders biofilm development. The mutual exclusivity of these
phenomena makes teleological sense given that the sticky biofilm matrix likely interferes with exogenous DNA
uptake. Furthermore, competence machinery localizes to cell poles, thus cells in the biofilm chains are likely to
be unable to take up extracellular DNA. These data lend insight into the diverse world of biofilm communities,
and the various stress responses bacteria employ.
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Microbial Community Composition of Lake Sediment in the High Arctic
Brittany Berdy1 , Maria Sizova2 , Dawoon Jung3 , Chris Dupont4 , Alexander Richter4 , Drishti Kaul4 , Karen
Nelson1 , Slava Epstein1
Northeastern University1 Evelo Biosciences2 Hiroshima University3 J. Craig Venter Institute4
Microbial communities are often studied using cultivation methods or culture-independent sequencing approaches. Here, we combine these methods to examine the composition of a microbial community within
lake sediment in the High Arctic. The community structure and active species were determined by sequencing
16S rRNA genes, and 16s cDNA, respectively. Simultaneously, we employed a variety of in situ cultivation
techniques (e.g. diffusion chamber), and compared the resulting culture collections with organisms isolated by
traditional methods (standard plating). We then assessed the biological relevance of cultured isolates by comparing cultivation data with culture-independent results. Based upon the 16s rRNA gene survey the community
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appeared stable over time, but analysis of expressed 16s rRNA genes indicated the activity of operational taxonomic units (OTUs) was dynamic, even across small distances. Interestingly, the most active OTUs were not
represented in any database. We cultivated 1173 strains, yet only a fraction was detected as active (7%), or
present (12%), based on 16S gene surveys, suggesting that cultivation efforts do not lead to isolation of the
majority of environmentally relevant species. We conclude that the variation in OTU activity between replicate
samples, and the low abundance and activity of OTUs cultured, are a result of microheterogeneity in spatial
distribution of active species within microbial communities across very small scales. Thus, samples taken even
millimeters apart were actually from potentially different communities. These results highlight the need to
develop methods and tools to study microbial communities on a scale relevant to microbial life.
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Interactions within a microbial community: Picking apart the nasal microbiome
Sandra Dedrick1 , Babak Momeni1
1
Biology Department, Boston College
The nasopharynx is a reservoir to a diverse range of microbial phyla that includes commensal and pathogenic
bacteria. In this host environment, interspecies interactions play a significant role in shaping the composition
of the microbial community. More specifically, previous research has demonstrated that certain commensal
bacteria of the nasal microbiome produce compounds that inhibit the growth of opportunistic pathogens such
as Staphylococcus aureus and Streptococcus pneumoniae. In our research, we aim to elucidate the mechanisms
by which: 1) commensals interact with pathogenic bacteria and, 2) commensals interact with one another. To
achieve this, we are employing a number of in vitro experimental methodologies to test all pair-wise interactions
between isolated species and establish a steady-state multi-species community. From this, we aim to create
a computational model describing the observed interactions of simple pair-wise interactions with the goal of
expanding these data to a more complex multi-species (3+) community. Through initial microbial-supernatant
exposure experiments, we have obtained phenotypic data on individual species in various cell-free supernatants.
The growth rate and population carrying capacity data thus far suggests that factors influencing growth inhibition and/or enhancement are produced by a number of species in the nasal microbiome. By using both a
bottom-up and top-down approaches, we hope to converge upon a clear understanding of what a steady-state
nasal microbiome community looks like along with what mechanisms drive the interactions observed within the
community.
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Engineering community shifts in microbial ecosystems using short-range environmental perturbations and transient invaders.
Daniel R. Amor1 , Christoph Ratzke1 , Jeff Gore1
1
Physics of Living Systems, Department of Physics, Massachusetts Institute of Technology, 02139 Cambridge,
Massachusetts, United States of America.
Human microbial communities constitute complex ecosystems exhibiting alternative stable states. Perturbations
such as changes in diet, infections or exposure to antibiotics can threat the stability of these ecosystems, with
important health consequences. However, there is still little knowledge on the mechanisms driving long-term
community dynamics after short-term perturbations. Here, we study transitions between stable communities
in a bistable laboratory ecosystem that we expose to short-range perturbations. We show that some kinds of
perturbations (e.g., pH shocks) can determine the stable community that is favored. However, in some other
cases the dynamics is highly dependent on specific population dynamics features (e.g., migration rates can determine the stable community following antibiotic shocks). Moreover, community perturbations involving the
introduction of an alien species also lead to transitions between stable states. Noticeably, we found multiple
alien species exhibiting a transient invader dynamics (i.e., invading a stable state and triggering a significant
shift in community composition before reaching extinction). This suggests that short-term invasions (such as
infections) could be a common mechanism driving transitions between stable states in microbial communities.
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Mucins trigger flagella-dependent dispersal of established Pseudomonas aeruginosa biofilms

Julia Y Co*, 1,2 , Gerardo Crcamo-Oyarce*,3 , Nicole Billings1, 1,2 , Kelsey M Wheeler4 , Scott C Grindy1 , Niels
Holten-Andersen1 , Katharina Ribbeck1
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Department of Biological Engineering, Massachusetts Institute of Technology, Cambridge, Massachusetts, USA
Microbiology Graduate Program, Massachusetts Institute of Technology, Cambridge, Massachusetts, USA
3
Research Laboratory Electronics, Massachusetts Institute of Technology, Cambridge, Massachusetts, USA
4
Department of Materials Science and Engineering, Massachusetts Institute of Technology, Cambridge, Massachusetts, USA
2

Mucus is a biological gel that lines all wet epithelia in the body, including the mouth, lungs, and digestive
tracts, and has evolved to protect the body from pathogenic invasion. However, microbial pathogenesis is often
studied in mucus-free environments that lack the geometric constraints and biochemical cues that are found in
natural, three-dimensional mucus gels. We used fluid-flow and static test systems based on purified mucin polymers, the major gel-forming constituents of the mucus barrier, to understand how the mucus barrier influences
bacterial virulence, particularly the integrity of Pseudomonas aeruginosa biofilms, which can become resistant
to immune clearance and antimicrobial agents. We found that mucins separate the cells in P. aeruginosa biofilms
and disperse them into suspension. Mucins triggered biofilm disassembly without killing the cells, suggesting a
mechanism that limits the selective pressure for resistance. Cellular dispersion depended on cellular motility,
indicating a role for functional flagella. Taken together, our observations support a model in which host mucins
are key players in the regulation of microbial virulence. Therefore, these mucins should be considered in studies
of mucosal pathogenesis. Our work may also inspire the development of novel strategies to treat biofilms.
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Method for Assessing Performance of High Sensitivity Direct-from-Blood Sepsis Panels

Kristen Roberts*,1 , Heather Lapp*,1 , Ned Barringer1 , Trissha Higa1 , Michael Lambert1 , Beck Jacobson1 ,
Tom Lowery1 , Robert Shivers1
1
T2 Biosystems
There are 1̃.35 million sepsis cases diagnosed yearly in the U.S., with an economic cost of $23.7 billion and
a 28-50% mortality rate. Blood culture, the standard method of diagnosis, involves an incubation period, delaying species identification and proper treatment, a factor shown to increase patient mortality. To administer
the appropriate treatment regimen more rapidly, requires species identification via a sensitive, rapid in vitro
diagnostic. For clinical value, the diagnostic assay requires the analytical sensitivity, or limit of detection (LoD),
to detect samples at the clinically relevant titer levels of 1 CFU/mL. The challenge in assessing the LoD for diagnostic with this level of sensitivity is the pre-analytic variation in samples and inaccurate titer quantification,
including variation in cell preparations, cell loss during serial dilution, the presence of dead cells, and quantifying sample titers. Here we discuss these challenges, demonstrate how they can be addressed in assessing the
LoD of two direct from blood tests, the FDA-approved T2Candida Panel and T2Bacteria Panel (currently under
evaluation), and propose a methodology for LoD studies of direct-from-specimen tests. Our studies demonstrate
that multiple factors influence the ability to prepare samples for high-sensitivity assays. Optimization of growth
parameters, cell dilution, and sample preparation methods reduce the variation in samples. The use of multiple
sample sets, strains, and reagent lots minimize the influence of any one factor in the determination of analytical
sensitivity. Results of these studies show that the preliminary LoD is 10 CFU/mL for all species tested on the
T2Candida and T2Bacteria panels.
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Development of the T2Dx: a platform for direct-from-blood detection of pathogens
George E. Barringer1 , Trissha Higa1 , Beck Jacobson1 , Heather Lapp1 , Kristen Roberts1 , Tom Lowery1 ,
Robert Shivers1
1
T2 Biosystems
There are 1.35 million cases of sepsis diagnosed annually in the United States, with an estimated economic
cost of $23.7 billion dollars. Blood culture, the gold standard for identifying the causative agents of sepsis,
has challenges due to the length of time to result and a high rate of false negative results. Physicians often begin treatment based on empiric data, but only 60% of sepsis patients respond adequately to first-line,
broad-spectrum antibiotics. Studies have demonstrated that delays in accurate diagnosis and implementation
of effective therapies have a measurable, negative impact on patient outcomes, highlighting the need for rapid,
in vitro diagnostic tests that can provide species-level identification. To address this need, T2Biosystems developed a platform, the T2Dx Instrument, that utilizes T2 Magnetic Resonance technology (T2MR) to identify
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sequence-specific DNA targets from intact cells contained in complex matrices such as whole blood. The fully
automated platform provides a result from whole blood samples in 3-5 hours. The platform runs the T2Candida
Panel, an FDA cleared assay, and the T2Bacteria Panel, which is currently under evaluation. These T2MR
diagnostic assays are capable of highly sensitive species level identification of microorganisms. The T2Candida
Panel has demonstrated sensitivity of 91.1% as compared to 50% sensitivity of blood culture, enabled by limits
of detection as low as 1 CFU/mL directly in blood. Here we discuss the T2Dx workflow, the panel targets of the
T2Candida and T2Bacteria assays, and the methodology to identify sequence-specific target DNA in a complex
matrix.
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Genomic diversity of Lactobacillus rhamnosus GG probiotics and bacteremia isolates
Christina Merakou1 , Kelly Flett2,3 , Idan Yelin4 , Preeti Mehrotra5 , Jason Stam5 , Erik Snesrud5 , Emil
Lesho5 , Patrick McGann4 , Roy Kishony6 , Alexander McAdam*,2,3 , Thomas Sandora*,1,2 , Gregory Priebe1
1
Division of Critical Care Medicine, Boston Childrens Hospital 2 Division of Infectious Diseases, Boston Childrens Hospital 3 Infection Prevention and Control and Antimicrobial Stewardship, Boston Childrens Hospital
4
Department of Biology, Technion Israel Institute of Technology, Haifa, Israel 5 Walter Reed Army Institute of
Research, Silver Spring MD Department of Laboratory Medicine, Boston Childrens Hospital
Probiotics are increasingly used in hospitalized patients but may be associated with adverse effects, including bacteremia. Evaluation of risk factors for Lactobacillus bacteremia has been limited to descriptive studies
without controls. In a case-control study of 6 cases of Lactobacillus rhamnosus bacteremia among pediatric
ICU patients receiving probiotics containing Lactobacillus rhamnosus GG, we found no significant risk factors
for bacteremia. We hypothesized that the bacteremia isolates were derived from the probiotic strain. We performed whole genome sequencing (WGS) on bloodstream isolates and bacteria obtained from probiotic capsules.
Biofilm formation, survival in human whole blood, and antibiotic resistance were also tested. WGS showed blood
isolates and probiotic strains to be nearly identical. In total, 22 single nucleic acid polymorphisms (SNPs) in
both patient and probiotic isolates were identified compared to the reference strain Lactobacillus rhamnosus
GG. Nine SNPs were identified in the blood isolates; 4 of these SNPs were represented in all three probiotic
products, including 2 SNPs (H294Q in CamS and H248Y in GlvA) that occurred in multiple patients. There
were 5 additional SNPs in the patient isolates. One occurred in the rpoB gene in a patient receiving rifaximin
and conferred reduced susceptibility to rifampin. One of the bloodstream isolates showed higher biofilm formation than the probiotic strain. The probiotic and bloodstream isolates showed similar survival in whole blood
survival assays. In conclusion, most blood isolates reflect the genomic diversity of a commercial probiotic strain,
but the presence of unique SNPs in blood isolates suggests within-host evolution of the probiotic.
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Proteolytic regulation of the the FtsZ-stabilizer ZapC alters FtsZ assembly dynamics
Monika S. Buczek1,2 , Anuradha Janakiraman1,2
1
The Graduate Center, City University of New York 2 Department of Biology, City College of New York
The essential GTPase FtsZ polymerizes into protofilaments, which assemble at midcell to form the Z-ring,
a dynamic higher-order cytoskeletal structure. Several proteins bind FtsZ and regulate its dynamics thereby
exercising spatiotemporal control over division. Among these proteins are the FtsZ stabilizer ZapC and the
conserved protease ClpXP. While ZapC promotes FtsZ assembly by crosslinking FtsZ protofilaments, ClpXP
degrades these protofilaments and together these proteins alter Z-ring dynamics. ZapC was identified as a
possible substrate of ClpXP in a ClpP trap assay, suggesting multi-level control of Z-ring assembly in vivo. We
aimed to establish that ZapC is a bona fide substrate of ClpXP and to determine the precise molecular roles
of ZapC and ClpXP in Z-ring assembly dynamics during division. We employed a combination of genetic, cell
biological, and biochemical methods to confirm that ZapC is a direct substrate of ClpXP via recognition of its
C-terminal ssrA-like tag. This tag was mutated and the stability of the mutant ZapCDD was monitored over
time. We show chromosomal ZapCDD is capable of partially rescuing Z-ring formation and cell division of ftsZ84
cells at non-permissive temperatures. Furthermore, ZapC aids in FtsZ84 assembly in vitro. Finally, ZapCDD
protects cells from ClpXP overexpression suggesting that ClpP mediated degradation of ZapC contributes to the
filamentation phenotype seen upon ClpXP overexpression. Our results point to at least two levels of proteolytic
regulatory control of Z-ring assembly in E. coli and related enterics: 1) directly through ClpXP degradation of
FtsZ and 2) indirectly through degradation of ZapC.
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A Comparative Genomics Toolkit Tailored to Explore the Core and Pan-Genome of Streptococcus pneumoniae
Defne Surujon1 , Alexander Farrell1 , Federico Rosconi1 , Tim van Opijnen1
1
Boston College

Streptococcus pneumoniae is a human nasopharyngeal commensal and respiratory pathogen. It triggers pneumococcal pneumonia, meningitis, and septicemia, causing 1 million deaths annually, making it one of the most
devastating pathogens worldwide. With an average genome size of 2Mbp, any given S. pneumoniae strain has
about 2100 genes. Due to its receptiveness to take up DNA, only a fraction of these genes are shared across all
strains, leading to a core genome (genes shared among all strains) of 1200 genes and a pan-genome between
3500 and 7000 genes.The isolation of novel clinical isolates and the increase in sequencing data have resulted in
a wealth of information on S. pneumoniae. However, while it is easy to generate draft genomes comprised of
unannotated contiguous sequences in arbitrary order and orientation, it is not straightforward to obtain closed,
fullyassembled genomes. Importantly, such files are invaluable for functional genomics studies such as RNA-Seq
or Tn-Seq. Here we present a suite of tools for the assembly, organization and summary of new S. pneumoniae
genomes that are annotated and formatted for easy integration into genomic analysis pipelines. We validated
the performance of our assembly by comparing genomes assembled from Illumina reads to the single assembled
contigs obtained from PacBio sequencing. Further, we present a web-based easy-to-use graphical interface for
the simultaneous comparison of many S. pneumoniae isolates, construction of phylogenetic trees based on gene
content, and retrieval of a gene cross-reference table for the identification of genes in strains that have not been
extensively studied.
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SynerClust, a truly scalable, synteny based, ortholog clustering tool
Christophe H. Georgescu1 , Allison D. Griggs1 , Ilan Wapinski2 , Aviv Regev1 , Abigail L. Manson1 , Brian J.
Haas1 , Ashlee M. Earl1
1
Broad Institute of MIT and Harvard, Cambridge, Massachusetts, USA. 2 enEvolv, Boston, Massachusetts, USA.

Accurate ortholog identification is a vital component of comparative genomic studies, but popular sequence
similarity-based approaches, such as RBH and OrthoMCL, struggle to cluster orthologs when there are high
rates of paralogs. Although phylogeny-based methods perform better for paralogs, they are not sufficiently fast
or scalable to cluster the large data sets of 100s or 1000s of whole genomes being sequenced today. Furthermore,
most current approaches do not take conservation of gene order, or synteny, into account, which means information useful for distinguishing paralogs is unused. The SYNERGY software (Wapinski et al., 2007) uses a hybrid
approach to resolve ortholog clusters, relying upon sequence similarity, synteny and phylogeny. Here, we present
Synerclust, a user-friendly tool that takes the fundamentals of SYNERGY and adds a number of improvements
that retain SYNERGYs high accuracy, but allows for clustering of hundreds to thousands of whole genome data
sets. The tool is best suited for prokaryotic genomes, but can also be used on eukaryotic genomes. SynerClust
bypasses the all-vs-all Blast requirement inherent to most clustering tools by selecting and comparing cluster
representatives at each node in an input species tree. Working from tip to root, SynerClust solves and tracks
ortholog and paralog relationships. Benchmarking against Hieranoid2 (Kaduk M, Sonnhammer ELL, 2016),
previously the most successful scalable ortholog clustering tool, showed significant improvement in the identification of core genes. In addition, we have also optimized SynerClust for memory usage and made it amenable
for running on different compute infrastructures.
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Investigating Exclusion of the Mobile Genetic Element ICEBs1
Kathleen Davis1 , Monika Avello1 , Alan Grossman1
1
Biology Department, Massachusetts Institute of Technology
Horizontal gene transfer, including transfer of mobile genetic elements such as conjugative plasmids and integrative and conjugative elements (ICEs), is a major force driving microbial evolution, and an important
mechanism for spreading genes involved in antibiotic resistance, symbiosis, and metabolism. Many of these elements also encode regulatory mechanisms to prevent redundant transfer, including a broad variety of exclusion
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systems. Most conjugative plasmids contain one exclusion system, and exclusion has also been documented in
gram-negative ICEs. The gram-positive ICEBs1 of Bacillus subtilis has an exclusion mechanism, in which an
ICEBs1 gene yddJ encodes a putative lipoprotein that specifically targets the ICEBs1 conjugation machinery,
to prevent conjugative DNA transfer. A screen for exclusion-resistant ICEBs1 mutants yielded three independent mutations in the protein ConG. ConG is a putative multi-pass transmembrane protein predicted to
make up part of the mating channel, through which DNA passes during conjugation. This suggests a possible
exclusion mechanism in which YddJ interacts with ConG and possibly other ICEBs1 conjugation machinery
proteins. Current work on this project includes tests for direct interaction between ConG and YddJ, as well as
domain swapping experiments with homologs in a related element (Tn916 ) to identify regions of ConG or other
conjugation machinery proteins that confer specificity for YddJ binding.
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Characterization of ConE, the VirB4 homolog of the Integrative and Conjugative Element
ICEBs1 of Bacillus subtilis
Anastasia C. Murthy*,1 , Naira Aleksanyan*,1 , Georgeanna M. Morton1 , Kyle J. Swerdlow1 , Minh N.N. Bui1
, Artemisa Bulku1 , Melanie B. Berkmen1
1
Department of Chemistry and Biochemistry, Suffolk University
Conjugation is a major form of horizontal gene transfer, contributing to bacterial evolution and the acquisition of new traits. During conjugation, a donor cell transfers DNA to a recipient cell through a specialized
DNA translocation channel classified as a Type IV Secretion System (T4SS). Our focus is on the T4SS of
ICEBs1, an integrative and conjugative element in Bacillus subtilis. ConE, encoded by ICEBs1, is a member of
the VirB4 family of ATPases, the largest and most conserved proteins of T4SSs. Previously, ConE was shown
to be required for conjugation and to localize to the cell membrane, predominantly at the cell poles. In addition
to containing Walker A and B boxes, ConE and other VirB4-like homologs have conserved motifs C, D, and
E. Here, we have created alanine substitutions in five conserved residues that are near or part of these motifs
in ConE (D498A, E502A, W706A, R726A, and Q737A). Using mating assays, we found that all five residues
are critical for conjugation. Importantly, the mutations do not affect ConE levels or localization, indicating
that ConEs ATPase activity is critical for DNA transfer. Purified ConE lacks enzymatic activity, indicating
that hydrolysis may require special conditions or may be regulated to prevent futile ATP hydrolysis in the
resting state. Finally, we show that ConE interacts with itself in a bacterial two-hybrid assay and that purified
His6-ConE is a mixture of monomers and oligomers. The structure-function characterization of ConE provides
more insight into this highly conserved component of T4SSs.
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Characterization of Cellular Responses to DNA Alkylation in E. coli
Jadesola Akanji1 , Ariel Aiken1 , Macee Qi1 , Christopher Joshi1 , Alexis Hester1 , Caitlin Kramer1 , Becky
Leifer1 , Mark Muenter1 , Penny Beuning1
1
Department of Chemistry and Chemical Biology at Northeastern University
DNA alkylation is a process in which alkyl groups are covalently attached to DNA bases. The alkylated
bases can arise from endogenous (via metabolism) or exogenous (via environmental exposure) sources. These
DNA lesions can lead to mutations in DNA that can cause cancer. Alkylating agents are also used in cancer
chemotherapy as cytotoxic agents. Understanding the DNA alkylation process and being able to identify the
major DNA adducts that form from specific alkylating agents is crucial to understanding their cytotoxicity.
The focus of our research is to determine the survival of certain E. coli strains when treated with the alkylating
agents, chloroacetaldehyde (CAA), styrene oxide (SO), and benzyl bromide (BnBr), which are found in various industrial processes, including the plastics, chemical and pharmaceutical industries. We are carrying out
assays using wild-type E. coli and single knockouts of forty-six specific genes associated with numerous DNA
repair processes to determine cellular survival when exposed to varied doses of these alkylating agents. We have
identified that recA is important for survival with all agents, while nfo confers resistance to SO. We have also
identified some of the adducts formed in DNA from exposure to these agents. These assays help us determine
which genes are crucial for resistance to alkylation damage and identify how the bacterial cellular responses to
CAA, SO, and BnBr correlate with the identity and frequency of the adducts.
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Regulation of DNA polymerase IV at replication-transcription collisions
Tommy F. Tashjian1 , Jennifer A Halliday2 , Christophe Herman2 , Veronica G Godoy1
1
Department of Biology, Northeastern University, Boston, MA 2 Department of Molecular and Human Genetics,
Baylor College of Medicine, Houston, TX
DNA Polymerase IV (DinB) is an error-prone DNA polymerase (DNAP) that is expressed as part of Escherichia
coli s DNA damage response. Because of DinBs high intracellular concentration and its high mutagenic potential, the activity of this enzyme must be highly regulated. DinB is known to be involved in the resolution of
replication-transcription collisions (RTC); however, little is known about how DinB activity is regulated during
this process.Deletion of the dksA gene, which encodes a transcription factor that prevents RTCs, causes high
levels of RTCS and, in turn, a dramatic growth defect on minimal medium. We find that an increased concentration of DinB in this strain worsens the high RTC strain growth defect, causing an extended lag phase.
This DinB effect is dependent on the enzymes ability to synthesize using RNA primers, as a DinB variant
(DinB(V7G)), which is deficient in this activity does not induce an extended lag phase. These data suggest
that in the absence of DksA, DinBs activity is disregulated and may interfere with the resolution of RTCs.
Specifically, DksA may prevent DinB from binding to the R-loop, which is mRNA that is bound to the template
DNA, and hindering its resolution.
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NovICE: A Novel Integrative and Conjugative Element in Enterococcus faecalis Timothy J. Straub1
, Anthony O. Gaca2, 3 , Abigail L. Manson1 , Michael S. Gilmore1 , Ashlee M. Earl1
1
Broad Institute 2 Massachusetts Eye and Ear Infirmary 3 Harvard Medical School
Enterococcus faecalis, a common gut commensal, can evolve into a highly antibiotic-resistant pathogen causing
life-threatening hospital infections. Common sources of antibiotic resistance and pathogenicity genes include
horizontally acquired mobile genetic elements (MGEs). Of particular interest are integrative and conjugative
elements (ICEs), which are a class of MGEs capable of transferring between strains through self-encoded conjugation machinery. To investigate the evolution and spread of ICEs, we analyzed a large collection of 350
enterococcal genomes using comparative genomics and identified a previously uncharacterized family of ICEs
found exclusively in E. faecalis, which we have called NovICE. NovICE is widespread across the E. faecalis
genomes analyzed, present in 41% of strains (75 of 182), and consistently inserted at one of four distinct chromosomal sites. In addition, NovICE gene content appears to be organized into distinct functional modules,
where some modules are present only in distinct insertion sites (i.e. accessory), while others are universally
present (i.e. core). Some of these accessory modules appear to confer colonization and metabolic benefits,
while the core seems to be important for the function of NovICE itself. Examination of the distribution of
NovICE subtypes across the E. faecaelis phylogeny showed evidence of recent, active evolution and horizontal
transfer. Through this work, we have gained insight into enterococcal MGEs, which are key to understanding
the evolution of commensal enterococci into hospital-adapted menaces.
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Structural and Functional Insights into the OLD Family Nucleases
April Lee1 , Carl Schiltz1 , Edward Partlow III1 , Chris Hosford1 , Josh Chappie1
1
Cornell University
Overcoming lysogenization defect (OLD) proteins constitute a conserved family of uncharacterized nucleases that
contain an N-terminal ATPase domain and a C-terminal topoisomerase/primase (TOPRIM) domain. Though
present in many bacteria, archaea, and bacteriophage viruses, the biological roles of these enzymes remain largely
unknown. To gain mechanistic insights into this family, we have purified OLD homologs from Xanthamonas
campestris pv. campestris (Xcc), a major crop pathogen, and from Burkholderia pseudomallei (Bp), a human
and animal pathogen, and crystallized them. While we have not determined the structures of the full-length
proteins, we have solved the C-terminal domain from both the Xcc and Bp OLD proteins at 1.86 and 2.24 resolution, respectively. The structures identify unique inserts in the TOPRIM fold and reveal a helical bundle that
extends to the end of the protein. Structural modeling suggests an arrangement for DNA binding which utilizes
segments from the TOPRIM and helical folds, and positions the nucleic acid substrate in an orientation that is
poised for cleavage. The C-terminal domains of both Xcc and Bp OLD proteins exhibit metal-dependent DNA
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nicking activity in vitro. The structures suggest that nicking activity is mediated by two-metal-ion catalysis
and identify potential metal-coordinating residues.
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Exploration of cyanophage-mediated horizontal gene transfer in Prochlorococcus

Nicolas Raho*, 1 , Raphael Laurenceau*, 1 , Sallie W. Chisholm1
1
Department of Civil and Environmental Engineering, Massachusetts Institute of Technology
With an estimated population of 1027 cells globally, Prochlorococcus is the most abundant photosynthetic
organism on Earth. This marine cyanobacterium is responsible for producing an estimated 4 gigatons of fixed
carbon each year, which is approximately the same net primary productivity as global croplands. Cyanophage
that infect Prochlorococcus represent a notable fraction of the total viral population in some parts of the ocean.
Prochlorococcus strains possess hyperviariable genomic islands that have been linked to ecological niche dimensions. Several lines of evidence suggest that phage-mediated horizontal gene transfer plays an important role in
moving flexible genes in genomic islands.Our objective is to understand the mechanisms underlying cyanophage
horizontal gene transfer and their impact on the evolution and diversification of Prochlorococcus genomes. We
have set up an experimental procedure to quantify the presence of host genes within phage particles. Our results
provide a first glance into the amount of Prochlorococcus DNA travelling inside phage. As an example, we were
able to detect a 35 fold increase in packaging frequency for transposon DNA present inside genomic islands.
By observing in vivo the packaging of host DNA in different phage families, and in different conditions, we are
trying to identify the major drivers of phage horizontal gene transfer in the environment.
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Thermoadaptation in Kosmotoga olearia, a bacterium with an unusually wide growth temperature range
Anne Farrel1 , Stephen M. J. Pollo2 , Camilla L. Nesbø3 , and Olga Zhaxybayeva1
1
Department of Biological Sciences, Dartmouth College, Hanover, NH, USA1 Department of Biological Sciences, University of Alberta, Edmonton, Alberta, Canada2 Centre for Ecological and Evolutionary Synthesis,Department of Biology, University of Oslo, Oslo, Norway3

Temperature plays a major role in the lifestyle and function of microorganisms, with most organisms only
surviving and growing in a very narrow temperature range. Kosmotoga olearia is a close relative of the strictly
hyperthermophilic Thermotoga maritima, yet the former grows in a wide temperature range of 20-79 C. Such
phenotypic plasticity makes K. olearia an excellent model organism to study cellular response and adaptation
to temperature. We explored genetic basis of growth at variable temperature via analysis of transcriptomic,
genomic, and methylomic data. Of 2,169 K. olearias protein-coding genes, 573 are significantly differentially
regulated when temperature is shifted to 30C, 40C or 77C from the optimal 65C. At 30C and 40C, K. olearia upregulates similar genes to those observed in mesophilic bacteria responding to physiologically low temperatures.
Some genes were identified as possibly horizontally acquired from mesophilic Thermotogae, while others are
likely independent adaptations in Kosmotoga. Many features of high-temperature growth (77C) are yet to be
determined, as a large fraction of the genes up-regulated at 77C is annotated as hypothetical proteins. Among
significantly differentially expressed are several methyltransferase genes. SMRT-seq revealed a genome-wide
variation of adenine methylation in GATGC motif in K. olearia grown at different temperatures. No strong
correlation between expression of individual genes and their methylation patterns were observed, leaving the
role and mechanism of the temperature-dependent methylation yet to be determined.
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Selective advantages and in vivo behavior of the tandem glycine riboswitch in Bacillus subtilis
Arianne M. Babina1 , Nicholas E. Lea1 , Michelle M. Meyer1
1
Biology Department, Boston College, Chestnut Hill, MA 02467 USA
In many bacterial species, the glycine riboswitch is comprised of two homologous RNA ligand-binding domains (aptamers) that each bind glycine and act together to regulate expression of genes involved in glycine
metabolism. While the structure and molecular dynamics of the tandem glycine riboswitch have been the subject of numerous in vitro studies, the advantage of the dual aptamer architecture and the in vivo behavior of
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the riboswitch remain unclear. To examine the proposed models of tandem glycine riboswitch function in a
biologically relevant context, we characterized the regulatory activity of mutations to the riboswitch structure
using β-galactosidase reporter assays in Bacillus subtilis. To assess the impact disruptions to riboswitch function
have on cell fitness, we introduced these mutations into the native locus of the tandem glycine riboswitch within
the B. subtilis genome and assayed the mutant strains under a variety of conditions. We find that mutations
to the leader-linker kink-turn, glycine-binding, and dimerization domains disrupt riboswitch regulation, reduce
gene expression, and inhibit swarming motility and biofilm formation in high glycine environments. Our results
suggest that all of the previously described interactions contribute to tandem glycine riboswitch regulation in
vivo and that both aptamers are required for proper riboswitch function and maximal gene expression. In B.
subtilis, expression of the glycine riboswitch-regulated gcvT operon is necessary for complex cell behaviors in
high glycine conditions. Our experimental approach offers a novel way to explore the physiological roles of
riboswitches within the context of their native loci.
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ATP synthase is lost from the forespore engulfing membrane during the early stages of sporulation in Bacillus subtilis
Rachel Salemi*, 1 , Elizabeth Mearls*, 1 , Megan Littlehale1 , and Amy Camp
1
Mount Holyoke College
Bacillus subtilis is a model organism especially suited to the study of bacterial development and differentiation.
During the process of sporulation, B. subtilis differentiates into two different cell types that lie side-by-side; a
forespore, which becomes metabolically dormant, and a mother cell, which ultimately lyses and dies. While
many aspects of the sporulation process have been well characterized, the mechanism by which the forespore
orchestrates metabolic shut-down in preparation for dormancy is still poorly understood. We aim to characterize metabolic shut-down in the forespore by direct visualization and dynamic monitoring of several metabolic
proteins. To this effect, we have created GFP fusions to several membrane-associated metabolic proteins, including components of ATP synthase, succinate dehydrogenase, and the electron transport chain, to track their
abundance and localization during sporulation. In comparison with a membrane bound GFP control, weve
observed a significant decrease in the presence of ATP synthase components in the forespore engulfing membrane. Through fluorescence microscopy and time-lapse imaging, we show that ATP synthase levels drop in the
forespore during engulfment, whereas other metabolic proteins remain unaffected. These results suggest ATP
synthase may not be essential for energy generation in the forespore and loss of ATP synthase may be part
of a mechanism that ultimately leads to the metabolic dormancy of the forespore. Future work will focus on
characterizing this phenomenon with respect to other sporulation checkpoints, and will aim determine whether
ATP synthase depletion is carried-out through an active mechanism.
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The Broad Institutes Microbial Omics Core: overcoming barriers to accessibility and scale in
RNA-Seq
Jessica E Alexander1 , Scott A Rich1 , Shane D Roesemann1 , Hera Vlamakis1 , Jonathan Livny1
1
Infectious Disease and Microbiome Program, Broad Institute of MIT and Harvard
RNA-Seq provides a uniquely powerful tool to study the regulatory networks that govern microbial physiology and pathogenesis. As the cost of sequencing has steadily declined, the cost and low throughput of sample
preparation and cDNA library construction have become the major barriers to implementing RNA-Seq and the
main constraints on the scale at which RNA-Seq can be utilized. Moreover, a number of technical challenges
continue to limit the application of RNA-Seq in the study of host-pathogen interactions. To address these key
impediments, we have recently established the Microbial Omics Core (MOC) at the Broad Institute to develop
new methods that 1) increase the throughput and lower the cost of RNA-Seq library construction and 2) extend
the utility of RNA-Seq for profiling gene expression in diverse sample types, including infected tissues and complex microbial communities. Once methods are fully developed and vetted in the MOC RandD pipeline, they
are offered to researchers both within and outside the Broad in a fee-for-service model. Importantly, MOC not
only generates and oversees the sequencing of RNA-Seq libraries, but also converts the raw sequencing data into
formats more accessible for visualization and interpretation, helping researchers overcome both experimental
and analytical barriers to utilizing RNA-Seq. Additionally, by batching samples from multiple projects during
library construction and sequencing, MOC is able to significantly reduce the per-sample cost of RNA-Seq ex-
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periments. Here we present key innovations in RNA-Seq methods recently developed in MOC, describe several
ongoing MOC RandD projects, and provide information about how to utilize MOC services.
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Benefit of stress response genes is dependent on dynamics of environment
Ariel Langevin1 , Mary J. Dunlop1
1
Boston University
Stress tolerance studies are typically conducted in an all-or-none fashion. However, in realistic settings - such
as in clinical or metabolic engineering applications - cells may encounter stresses at different rates. As such,
the way a cell tolerates stress may depend on its rate of appearance. To address this, we study how the rate of
stress introduction affects bacterial stress tolerance by focusing on one key mechanism of stress response. Efflux
pumps, such as AcrAB-TolC from Escherichia coli, are membrane transporters that are well known for their
ability to export a wide variety of substrates, including antibiotics, signaling molecules, and biofuel products.
Although efflux pumps improve stress tolerance, pump overexpression can result in a substantial cost to the cells
by altering membrane fluidity and slowing growth. We hypothesized that the benefit of the pumps depends on
the environment, along with the cost-benefit trade-off landscape of pump expression. To test this, we evaluated
the benefit of the AcrAB-TolC pump under different rates of stress introduction, including a step, fast ramp, and
slow ramp. Using two chemically diverse stresses, the antibiotic chloramphenicol and the bio-jet fuel pinene, we
co-cultured cells with and without the pumps and used their relative fraction to assess the benefit provided by
the pumps. We developed a mathematical model describing these effects, and experimentally validated model
predictions. Our findings demonstrate that the rate at which stress is applied can have a large impact on the
benefit of stress response mechanisms and thus overall bacterial fitness in stressful environments.
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tRNA sulfuration is required for tRNA stability and maintaining Vibrio cholerae culturability
Satoshi Kimura1 , Matthew K. Waldor1, 2, 3
1
Division of Infectious Diseases, Brigham and Women’s hospital 2 Department of Microbiology and Immunobiology, Harvard Medical School 3 Howard Hughes Medical Institute
Transfer RNA (tRNA) is heavily decorated with a variety of post-transcriptional modifications. Although
many studies have revealed that tRNA modification contributes to accurate and efficient translation by modulating the decoding ability of tRNA, the function of some modifications remains ambiguous. Here we focused
on 4-thiouridine (s4U), a tRNA modification whose function is not well described. We investigated s4U function in Vibrio cholerae because thiI, which encodes the enzyme that synthesizes s4U, was found to promote
V. cholerae fitness in the infant rabbit infection model. Since this modification is proposed to stabilize tRNA
tertiary structure, we initially focused on the effect of s4U on tRNA stability in V. cholerae. We found that lack
of s4U caused stationary phase specific tRNA decay in a subset of tRNA species, indicating that s4U is required
for promoting tRNA stability in stationary phase. Analyses of thiI s genetic interactions revealed that multiple
tRNA modifications contribute to tRNA stability and V. cholerae fitness in a redundant manner. Unexpectedly,
we found that a majority of thiI mutant cells enter into a viable but non-culturable (VBNC) state in stationary
phase when mutant cells were co-cultured with wild-type cells. Collectively, our studies demonstrate that s4U
tRNA modification promotes tRNA stability in a growth phase specific fashion and that tRNA stabilization by
tRNA modifications is required for maintaining V. cholerae fitness and culturability.
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How Hfq influences growth in Pseudomonas aeruginosa
Ian Hill1,2 , Tracy Kambara1,2 , Matthew Dorman2 , Thomas Tallo1,2 , Simon Dove1,2
1
Harvard Medical School 2 Division of Infectious Diseases, Boston Childrens Hospital
Pseudomonas aeruginosa is an opportunistic pathogen of humans and the leading cause of morbidity and
mortality in patients with cystic fibrosis. The conserved RNA chaperone protein, Hfq, is thought to be a core
component of global post-transcriptional control in P. aeruginosa. Hfq facilitates the base pairing of sRNAmRNA pairs to affect the stability or translation of mRNA targets. hfq deletions cause small colony phenotypes
in three P. aeruginosa strains: two lab strains, PAO1 and PA14, and a clinical isolate, PA99. Sequencing
of spontaneous large colony suppressors of PAO1 ∆hfq revealed mutations in the mexT gene to be the most
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frequently isolated. Loss of function mutations in mexT enhance the growth rate and colony size of hfq on LB
agar, but do not affect the growth rate in liquid culture. mexT encodes a transcription activator that we have
shown by ChIP-seq to bind upstream of MexT-regulated genes. I have created a series of mutations to test the
contribution of MexT-regulated genes to the suppression of ∆hfq growth defect.
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Functional characterization of HtrA-LppZ, a novel periplasmic chaperone complex
Katherine J. Wu1 , Cara C. Boutte1 , Thomas R. Ioerger2 , Eric J. Rubin1
1
Department of Immunology and Infectious Diseases, Harvard T.H. Chan School of Public Health, Boston, MA,
02115 2 Department of Computer Science, Texas A&M University, College Station, TX 77843
Tuberculosis is a leading cause of death worldwide, infecting a third of the global population. While Mycobacterium tuberculosis (Mtb) must withstand numerous and diverse stresses in harsh host environments,
many of the mechanisms underlying Mtbs ability to main homeostasis remain elusive. In other organisms, the
periplasmic chaperone-protease HtrA is required only under conditions of membrane stress. However, Mtb has
evolved to require HtrA even for growth under standard laboratory conditions. We hypothesize that HtrA has
a critical role in periplasmic protein quality control. To investigate the importance of HtrA, we constructed a
strain of Mycobacterium smegmatis (Msm) that would allow us to test for essentiality. We found that HtrA is
essential, but does not require its protease function for normal growth. We next searched for protein-protein interactions and found that HtrA binds another essential periplasmic protein, LppZ, whose function is unknown.
We also isolated suppressor mutations that would allow growth in the absence of HtrA and found that loss
of either amiD, a peptidoglycan hydrolase, or pmt, a mannosyltransferase, relieves the requirement for both
HtrA and LppZ. AmiD is not essential but overexpression is toxic. Additionally, homologs of Pmt have been
implicated in marking proteins for degradation in the eukaryotic unfolded protein response. These data suggest
a model where HtrA and LppZ act in concert as chaperones to aid in the folding of periplasmic proteins and
reduce toxic misfolding. Thus, this system represents a novel mechanism of periplasmic homeostasis and a
potential new drug target.
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Monitoring and manipulating the cytoplasmic redox-potential of SHuffle strains using redox
sensitive GFP and metagenomic oxidoreductases.
Thorsten Masuch1, 2 , Hans Reuter1, 3 , Sebastian Nilewski2 , Lars Leichert1 , Mehmet Berkmen1
1
New England Biolabs, Ipswich, MA 2 Institute for Biochemistry and Pathobiochemistry - Microbial Biochemistry, Ruhr-Universitt Bochum, Germany 3 Tufts University, School of Engineering - Department of Chemical
and Biological Engineering, Medford, MA

SHuffle is an E. coli strain designed for the over-expression of disulfide bonded proteins in its cytoplasm. To
achieve this, the cytoplasmic reducing pathways gor /trxB have been knocked out and a suppressor of lethality
ahpC * was selected. In order to increase the fidelity of disulfide bond formation, a cytoplasmic copy of the isomerase DsbC was inserted into the chromosome. As a result of these changes there is a higher redox-potential in
the SHuffle-cytoplasm (-250 mV) compared to that of wildtype E. coli (-290 mV). We show that we can use the
redox-sensitive fluorescent probes Grx1-roGFP2 and roGFP2-Orp1 to investigate the H2O2- and GSH/GSSGlevels in the cytoplasm in vivo. Growth measurements show a highly elevated H2O2 concentration at all times,
while the glutathione pool is oxidized once the cells enter stationary phase. We also show that we can manipulate the redox-potential in the cytoplasm by constitutively expressing oxidative stress response activator
OxyR, gradually reintroducing TrxB via a rhamnose promoter, as well as reintroducing wildtype AhpC.We also
characterize a diverse set of 12 thiol-disulfide isomerases from the metagenomic global ocean sampling dataset,
which were selected by in silico and in vivo methods from a pool of 4,673 putative thiol-disulfide oxidoreductases. These have been shown to have isomerase activity in vivo, with some also possessing reductase or oxidase
activity respectively. We characterize the influence of these isomerases on the cytoplasmic folding of disulfide
bonded proteins in SHuffle when substituting them for the cytoplasmic DsbC.
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Expression Regulation of Polycistronic lee3 Genes of Enterohaemorrhagic Escherichia coli

Wei-Sheng Wayne Sun*, 1, 2 , Chin-Nan Lin*, 3 , Hsin-Yuan Tsai*, 3 , Nien-Pei Tsai*, 3 , Wan-Jr Syu1
1
Institute of Biochemistry and Molecular Biology, National Yang-Ming University, Taiwan 2 Molecular Medicine
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Program, TIGP, Academia Sinica, Taiwan 3 Institute of Microbiology and Immunology, National Yang-Ming
University, Taiwan
Enterohaemorrhagic E. coli (EHEC) is a pathogenic E. coli which is transmitted through raw or undercooked
ground meat products, raw milk and faecal contamination of vegetables. Type III secretion system (T3SS) is
one of the virulence factors of EHEC which connects bacteria and host cell with a needle-like structure and
delivers effector proteins into epithelial cells to cause attaching and effacing lesion (A/E lesion) during infection
in intestine tract. The pathogenic island, LEE, encoding T3SS is consisted mainly of five polycistronic operons.
In the lee3 operon, mpc is the first gene and has been reported to down regulate the type-3 secretion system
of EHEC when its gene product is over-expressed. Furthermore, mpc has been suggested to have a regulation
function via translation but the mechanism remains unclear. To clarify this mechanism, we dissected the polycistron and examined the translated products. We conclude that translation of mpc detrimentally governs the
translation of the second gene, escV, which in turn affects the translation of the third gene, escN. Then sequentially, escN affects the expression of the downstream genes. And Mpc was found to interact with another lee3
protein, EscA, and stabilize the expression of EscA. So far, mpc, on the leading position of lee3 operon, regulate
downstream genes with translation-dependent and protein-protein-interaction mechanisms. Since the genes on
lee3 operon encode important components of T3SS basal apparatus, how Mpc regulates its downstream genes
to orchestrate proper assembly of T3SS is an intriguing question.
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Regulation of a two-component signaling system by a eukaryotic-like Ser/Thr kinase

Elizabeth Libby*,1,2 , Lindsie Goss*,1 , Jonathan Dworkin1
1
Department of Microbiology and Immunology, Columbia University 2 Department of Systems Biology, Harvard
Medical School
Eukaryotic-like Ser/Thr kinases and phosphatases (eSTKs and eSTPs) are widely found across bacterial species.
Their role in bacterial physiology is not currently well understood in large part because the conditions where
the eSTKs are active are generally not known. However, all sequenced Gram-positive bacteria have a highly
conserved eSTK with extracellular PASTA repeats that bind cell wall derived muropeptides. We show that in
Bacillus subtilis, the PASTA-containing eSTK PrkC and its cognate eSTP PrpC converge with the essential
WalRK two-component system to regulate WalR regulon genes involved in cell wall metabolism. By continuously monitoring gene expression, we measure large PrkC-dependent effects on expression of several different
WalR regulon genes, consistent with a PrkC-dependent increase in WalR activity. We demonstrate that PrkC
phosphorylates WalR in vitro and in vivo on a single Thr residue. Consistently, strains expressing a nonphosphorylatable WalR point mutant strongly reduce both PrkC dependent activation and repression. This suggests
a model where the eSTK PrkC regulates the essential WalRK two-component signaling system by direct phosphorylation of WalR Thr101, resulting in transcriptional regulation. As both the eSTK PrkC and the essential
WalRK two-component system are highly conserved in Gram-positive bacteria, these results may be applicable
to further understanding the role of eSTKs in Gram-positive physiology and cell wall metabolism.
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The type VI secretion system regulator A activated chemotaxis at the expense of virulence
factor expression
Nicole Place*, 1 , Florence Caro*, 1 , John J. Mekalanos1
1
Department of Microbiology and Immunobiology Harvard Medical School

The VI secretion system (T6SS) of Vibrio cholerae is an important virulence factor that acts as a molecular
puncturing device transporting toxic protein effectors from the bacteria cytoplasm to the extracellular environment or directly into target cells. The T6SS of the V. cholerae seventh pandemic strain O1 El Tor C6706 has
been shown to be active in vivo. In vitro however, it is repressed by both quorum sensing and the uncharacterized protein VC0070 (TsrA). In order to expand our understanding of the TsrA regulon we used RNASeq to
measure the transcriptomes of a wild type and a tsrA deletion mutant. We found that the complete repertoire
of T6SS operons, and two important virulence operons, the toxin co-regulated pilus, and cholera toxin, were
up-regulated in the tsrA mutant. Conversely, we found that chemotaxis (cheA-3) was down-regulated in the
absence of tsrA, indicating an inverse correlation between virulence and chemotaxis. Interestingly, of the 3 V.
cholerae chemotaxis genes cheA-3 has previously been found not to be essential for chemotaxis under standard
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conditions. Indeed the conditions for cheA-3-dependent chemotaxis have yet to be discovered. Here we show
that in the context of the tsrA mutant chemotaxis is impaired due to the down-regulation of cheA-3. These
results show that the TsrA regulon is involved in modulating the interplay between virulence factor expression
and chemotaxis, and shed light on the mechanism of cheA-3 activation and function.
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The AAA+ chaperone-protease ClpXP recognizes and degrades FtsZ polymers through a multivalent recognition strategy in Escherichia coli
Marissa G. Viola1 , Jodi L. Camberg1
1
The University of Rhode Island, Department of Cell and Molecular Biology
The ATP-dependent chaperone-protease ClpXP degrades the tubulin homolog, the essential cell division protein
FtsZ, during division. ClpX forms a hexameric ring that recognizes, unfolds, and translocates specific substrates
to the ClpP protease for degradation. FtsZ polymerizes to form the FtsZ-ring at midcell, the site of constriction.
FtsZ contains a globular polymerization domain (residues 1-316), a disordered linker (317-369), and a structured
C-terminus (370-383). ClpX recognizes FtsZ in the disordered linker (residues 352-358) and at the C-terminus
(375-383). Purified FtsZ contains a mixture of monomers and dimers. To determine if both recognition sites
are utilized to degrade monomers, we engineered a chimeric protein containing Gfp fused to the 67 C-terminal
residues of FtsZ (Gfp-ZC67), and monitored degradation by loss of fluorescence. A peptide derived from the
SspB adaptor (XB) inhibits Gfp-ZC67 degradation. The XB peptide contains residues that bind to the ClpX
N-domain. The XB peptide inhibits degradation of the Gfp chimera containing an intact FtsZ C-terminus but
an impaired linker (Gfp-ZC67(352-7A)). In contrast, ClpXP cannot degrade a Gfp chimera containing an intact
FtsZ linker and impaired C-terminus (Gfp-ZC58). These results suggest that the ClpX N-domain is important
for Gfp-ZC67 degradation and that the linker degron is dispensable for degradation of FtsZ monomers. However, degradation of fluorescent FtsZ polymers with an impaired linker degron, FtsZ(352-7A), is significantly
reduced, suggesting the linker degron enhances polymer degradation. These data suggest that ClpXP uses two
sites for enhanced recognition of FtsZ polymers, whereas FtsZ monomers utilize one.
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Role of RNase J in drug resistance in mycobacteria
Maria Martini1 , Nathan Hicks2 , Yanlin Zhao3 , Jian Yang2 , Sarah Fortune1 , Scarlet Shell
1
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MA 02115, USA 3 National Center for TB Control and Prevention, Chinese Center for Disease Control and Prevention, Beijing, China 4 Institute of Pathogen Biology, Chinese Academy of Medical Sciences, Beijing, China

Tuberculosis (TB) is a disease of global concern caused by the bacterium Mycobacterium tuberculosis (MTB).
Emergence of multidrug-resistant (MDR) TB strains has become a major health challenge worldwide. Drug
resistance in MTB is mainly attributed to mutations in the genes encoding drug targets or enzymes required for
drug activation. However, recent studies have reported that a percentage of MDR isolates contain mutations
in other genes in addition to the expected target and activator mutations (1). These findings suggest that
other players could be involved in the development of drug resistance. Among these genes is Rv2752c, encoding
RNase J, a ribonuclease that is not essential for mycobacterial growth. Mutations in Rv2752c were reported to
be associated with drug resistance in a collection of clinical isolates(1). In this work, we present data showing
changes in susceptibility to rifampicin and isoniazid as well as to other antibiotics when the gene encoding
RNase J is deleted or overexpressed in Mycobacterium smegmatis. In addition, RNA-seq data revealed that a
number of genes are up- and down-regulated when RNase J is absent or overexpressed in both M. smegmatis
and M. tuberculosis.Together, our results support the hypothesis that RNase J is involved in development of
drug resistance in mycobacteria by a mechanism still unknown. The study of this particular gene as well as
others identified in MDR isolates can contribute to understanding the basis of resistance in mycobacteria and
help to develop new strategies to efficiently treat TB. Reference: 1. Zhang, H, et al. (2013). Nature Genetics,
45(10), 12551260.
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The role of RNase E in mRNA metabolism in Mycobacterium smegmatis
Ying Zhou1 , Scarlet Shell1
1
Worcester Polytechnic Institute 2 Department of Biology and Biotechnology
Tuberculosis (TB) is caused by Mycobacterium tuberculosis (Mtb). A major challenge in TB treatment is the
high tolerance of Mtb to various types of stress, including antibiotics and hypoxia. We hypothesize that adaptation to stress conditions involves both transcriptional and post-transcriptional regulatory mechanisms. mRNA
cleavage may regulate gene expression post-transcriptionally by affecting the stability (half-life) of mRNA. Multiple ribonucleases (RNases) may perform endonucleolytic cleavages of primary mRNAs producing fragments
with different stabilities and thus differentially alter transcript abundance. We sought to understand the role of
mRNA cleavage in mycobacteria by investigating the role of RNase E, an enzyme involved in both mRNA degradation and selective mRNA stabilization in E. coli. Using the non-pathogenic model species Mycobacterium
smegmatis, we constructed inducible repression systems to knock down RNase E. Repression of RNase E slows
growth, consistent with the prediction that RNase E is an essential gene, and also results in decreased mRNA
cleavage at the esx-1 operon, which plays vital roles in conjugation in M. smegmatis as well as infection of
macrophages by Mtb. Altered relative transcripts abundances also demonstrated a complex role of RNase E in
both stabilizing and destabilizing portions of this transcript. We also examined the half-lives of several mRNAs
and found that most were increased when RNase E was repressed, suggesting that RNase E plays a global role
in mRNA degradation. Further, we plan to map cleavage sites and measure mRNA stability transcriptome-wide
in the context of RNase E repression to further define its contribution to mRNA metabolism.
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Dissecting the regulation of recA in the opportunistic pathogen Acinetobacter baumannii
Carly Ching1 , Kevin Gozzi1 , Veronica Godoy1
1
Northeastern University
Acinetobacter baumannii (Ab) is an emerging, opportunistic pathogen. Ab quickly acquires multidrug resistance and robustly survives desiccation, remaining on the surfaces of hospital equipment, reaching immunocompromised individuals. We have shown that Ab antibiotic resistance acquisition is linked to its DNA damage
response (DDR); DDR gene products are involved in DNA damage and desiccation-induced mutagenesis. In
Escherichia coli, the DDR depends on inactivation of LexA, the global DDR repressor. In Ab, this well-known
paradigm has not been identified, in part because Ab lacks a known LexA homologue. We have shown that
classical DDR genes in Ab 17978 form two phenotypic subpopulations in response to DNA damage: one with
low and another with high expression. Bimodal DDR gene expression may provide a strategy for survival and
genomic plasticity. To dissect the DDR circuitry, we aim to elucidate the regulation of recA in Ab as it has
been shown that the DDR is dependent on RecA. We mapped the recA transcriptional start site and found that
the recA promoter contains elements that respond to DNA damage while a recA 5 untranslated region (5UTR)
contains secondary structure important for maintaining transcript stability. Furthermore, the 5UTR endows
bimodal expression to a DDR-independent Ab promoter. In addition, our data show that Ab biofilm formation
is dependent on RecA. We currently seek to find the DDR regulator(s) and to elucidate the mechanism of how
Ab biofilm formation intersects with the DDR.
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Degradation dynamics of genetic regulatory molecules determine information transmission rate
Nicholas Rossi1 , Aleksandra Walczak2 , Thierry Mora2 , Mary Dunlop1
1
Molecular Biology, Cell Biology and Biochemistry Program, Boston University 2 Laboratoire de Physique Theorique, Ècole Normale Supérieure 3 Department of Biomedical Engineering, Boston University
As there is a cost implicit to replacing degraded proteins, decreasing the half-life of transcription factors through
active degradation is a rare feature in bacteria. However, analytic and computational results reveal utility in
short half-life regulatory molecules as they can rapidly transmit information to downstream targets. This
can quickly generate well-correlated, yet diverse responses among multi-component regulons. This coordinated
diversity has particular relevance to bet-hedging phenotypes, in which isogenic populations show varying susceptibility to stress in an effort to balance the guaranteed cost of resistance machinery against the potential
danger of a changing environment. Using the multi-antibiotic resistance regulon as a case study, we show that
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an actively degraded regulator transmits information faster to downstream genes than a regulator that is slowly
removed through dilution. Conversely, the maximum information transmitted decreases with a shorter half-life.
This is the result of a rapidly changing signal being filtered by downstream targets. The balance between fidelity of signal transmission and information transmission rate demonstrates a trade-off in bacterial regulatory
networks.Favoring information rate over fidelity may be favorable in rapidly changing environments.
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Characterizing the Role that the Translational GTPase BipA plays in Adaptation in E. coli
MG1655
Rebecca A. Bova1 , Victoria L. Robinson1 , David R. Benson1
1
Department of Molecular and Cell Biology, University of Connecticut, Storrs, CT
BipA, also know as TypA, is a highly conserved GTPase present in most bacterial genomes larger than 2.8
Mbp. Mutants lacking BipA exhibit a variety of phenotypes, which include diminished pathogenicity, as well
as an impact on translation, cell motility and signaling events in the cell. Previous studies show that BipA
interacts with the 70S ribosome in a GTP-dependent manner and the 30S ribosome in a (p)ppGpp dependent
manner. Although there are many proposed phenotypes few conceptual links between them are known for bipA
null mutants. Because of this we have studied the effect that changing conditions have on batch cultures of
Escherichia coli MG1655 wild-type and a bipA mutant. Cultures were grown to mid-log and then one of the
conditions was imposed and growth was followed using a Klett-Summerson Photoelectric Colorimeter. Regardless of the condition, a lag in resuming growth to the new condition was observed for the bipA null mutant.
Although a lag was observed, there was no observable difference in the specific growth rates. The lag in the null
mutant could be complemented using a plasmid containing a full-length bipA gene. Our overall conclusion is
that BipA is involved at the ribosome in the translation of new proteins needed for the cell to adapt to various
growth conditions but not during normal balanced growth. Our hypothesis is that BipA is needed in E. coli
to adapt to any new conditions. In pathogenic strains lacking BipA, E. coli is thus unable to adapt to host
environments.
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Genome-wide transcriptional and phenotypic stress responses are separated but linked in a
stress-dependent manner in pathogenic bacteria.
Karen Zhu*,1 , Paul Jensen*,1,2 , Tim van Opijnen1
1
Biology Department, Boston College, Chestnut Hill, MA, USA 2 Department of Bioengineering and Carl R.
Woese Institute for Genomic Biology, University of Illinois at Urbana-Champaign, Urbana, IL, USA
Bacterial genes that change in expression upon an environmental perturbation are commonly assumed to contribute to the fitness of an organism. However, several recent studies have suggested that differentially expressed
genes are somehow rarely phenotypically important. Here we apply an integrative approach of transcriptomics,
phenotypic screening, metabolic modeling and network analyses to interrogate the links between transcriptional
and phenotypic stress responses in Streptococcus pneumoniae and Pseudomonas aeruginosa. We demonstrate
that for both Gram-positive and Gram-negative bacteria, these two separate gene sets - phenotypically important
genes (PIGs) and transcriptionally important genes (TIGs), can be coordinated through a topological network
analysis in genome-scale metabolic models. However, such coordination turns out to be stress-dependent: while
nutrient depletion triggers a well-coordinated response between PIGs and TIGs; antibiotics trigger an erratic
response, in which PIGs and TIGs are neither coordinated in their network distance nor in their magnitude.
Moreover, a gene expression meta-analysis reveals that independent of the stress-type or species, the partition
of PIGs and TIGs is a genome-wide phenomenon. Our work demonstrates that transcriptional regulation and
phenotypic importance of bacterial genes can be better understood through integration into network models.
By uncovering genes of transcriptional and phenotypic importance, our integrative approach could aid in predicting how a bacteriums gene network evolves under a particular stress, e.g exposure to antibiotics, and leads
to resistance. Finally, our observations raise considerations for studies (e.g. drug target prediction) that assign
importance to genes solely based on transcriptomic data.

86

dTn-Seq: Combining droplet-based microfluidics with Tn-Seq to uncover novel bacterial geneticelements involved in overcoming antibiotic and host-induced stress
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Derek Thibault1 , Tim van Opijnen1
Biology Department, Boston College

1

Pathogenic bacteria have evolved mechanisms to overcome a wide variety of environmental disturbances including starvation, the host immune system and antibiotics. We lack a comprehensive understanding of how
pathogens are able to survive such diverse stresses partially due to the complexity of uncovering the genetic
origin of a phenotype. Transposon insertion sequencing (Tn-Seq), a technique developed by our lab, utilizes
pooled libraries of transposon insertion mutants to untangle the genetic complexity of a phenotype by accurately
calculating mutant growth rates on a genome-wide scale. The pooling and batch culture of insertion mutants
is one of the characteristics that makes Tn-Seq so powerful, however this also comes with a major drawback:
It remains unclear how bacterial mechanisms such as cheating, cooperation and complementation affect the
phenotype of individual mutants growing in these pooled mutant libraries. To overcome this challenge we have
combined Tn-Seq with droplet-based microfluidics (dTn-Seq) thereby encapsulating and culturing single mutants in individual environments, but still on a genome-wide scale. Furthermore, by optimizing our library
preparation method for Illumina sequencing we have successfully created a high-throughput procedure that
allows us to probe the individual behavior of millions of mutants simultaneously. As a result dTn-Seq is helping
us to disentangle complex phenotypes in pathogenic bacteria such as Streptococcus pneumoniae, that include
scavenging for host glycoproteins and overcoming stress induced by antibiotics, and host serine proteases.
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Effect of disinfectants on persister formation in Klebsiella pneumoniae

Yanxia Wu*,1 , Guoqing Wang*,1 , Huan Ren*,1 , Xuewei Liu1
West China School of Public Health, West China Medical Center, Sichuan University

1

Klebsiella pneumoniae, as a ubiquitous and yet important pathogen causing hospital- and community-acquired
infections, frequently subjects to treatment by various disinfectants. Some environmental stresses have been
known to induce the formation of bacterial persisters tolerant to lethal antimicrobial treatment. In practice disinfectants are frequently seen not to eradicate pathogens as expected due to various reasons. This work found that
among the commonly used disinfectants, including hydrogen peroxide, benzalkonium bromide, glutaraldehyde
and sodium hypochlorite (NaClO), glutaraldehyde could facilitate persister formation when the concentration
reached a certain level, whereas NaClO repeatedly increased the persister level in both the laboratory and clinical strains of K. pneumoniae in concert with the inhibitory/killing effect of NaClO. Transcriptional analysis of
NaClO-treated K. pneumoniae indicated that genes coding oxidoreductases, glycerol-3-phosphate dehyrogenase
and genes for the metabolism of tetrapyrrole and cobalamin may involve in the mechanism of persister formation
in K. pneumoniae. These inactive persisters have the potential to endure further antimicrobial treatment or
attack from host immune factors, facilitating the spread of nosocomial infections by K. pneumoniae.
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The role of Shewanella oneidensis Hfq in oxidative stress response and death phase survival
Cara Pina1 , Alexandra Luongo1 , Winifer Rosario1 , Brett Pellock1
1
Department of Biology, Providence College
The RNA chaperone Hfq has been broadly implicated in bacterial sRNA function in Gram-negative bacteria. sRNAs are responsive to environmental changes contributing to adaptive gene expression of their mRNA
targets. We are interested in understanding the roles Hfq plays in stress responses in the dissimilatory metal
reducing bacterium Shewanella oneidensis. Using genetic and physiological approaches we previously demonstrated that loss of hfq results in slow exponential phase growth due to reduced heme production. We are
currently investigating the basis of 1) the hfq mutants hypersensitivity to oxidative stress and 2) the complete
loss of colony forming units in extended stationary phase hfq mutant cultures.Pretreatment with sub-lethal
doses of hydrogen peroxide protects the hfq mutant from subsequent lethal peroxide challenge suggesting that
the hfq mutant adapts slowly to oxidative stress. Our initial hypothesis was that the hfq mutant is defective
in the kinetics and or magnitude of adaptive expression of catalase (katB in S. oneidensis). However, using
reporter gene assays and assays for catalase activity, we have found no differences in adaptive catalase expression
kinetics or magnitude in the hfq mutant. We are currently testing the hypothesis that the hfq mutant is instead
deficient in DNA repair following oxidative damage.A consequence of loss of hfq in S. oneidensis is a complete
absence of CFU/mL in extended stationary phase LB cultures. This is striking, as wild type cultures retain
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significant viability at this stage. Our preliminary data suggests cell free media conditioned by S. oneidensis
inhibits the growth of healthy inocula and that the hfq mutant is more sensitive to growth inhibition than wild
type. We are currently testing whether this growth inhibition is accompanied by or explained by death of the
healthy cells and whether this activity explains the hfq mutants extended stationary phase death phenotype.
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Molecular mechanisms of transcriptional regulation by DnaA, the DNA replication initiator,
in Bacillus subtilis
Emma L. Sedivy1 , Janet L. Smith1 , Charlotte A. Seid1 , Tracy A. Washington1 , and Alan D. Grossman1
1
Department of Biology, Massachusetts Institute of Technology
DnaA is the replication initiator in bacteria. It binds to sequences in the origin of replication (oriC), promotes
DNA unwinding at oriC and helps recruit the replication machinery. DnaA also functions as a transcription factor, regulating its own transcription and that of many other genes, both directly and indirectly. Transcriptional
regulation by DnaA plays an important role in the response to replication stress. The mechanisms by which
DnaA facilitates replication initiation are well understood. In contrast, little is known about its activity as a
transcription factor. Because DnaA is an essential gene, it has been difficult to study its effect on transcription
in vivo. However, the Grossman lab has identified several genes that are directly bound and repressed by DnaA
in vivo, and many genes that are indirectly regulated. We have established an in vitro system to dissect the
molecular mechanisms by which DnaA affects transcription initiation. In this in vitro transcription system, addition of purified DnaA represses transcription specifically from promoters that are directly repressed by DnaA
in vivo. Using this system, we have tested whether the regulatory protein YabA modulates the activity of DnaA
at promoters and whether the nucleotide-bound state affects the activity of DnaA as a transcription factor.
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Opsin-mediated inhibition of bacteriouruberin synthesis in halophilic Archaea
Ronald F. Peck1 , Alexandru M. Plesa1 , Serena M. Graham1 , David R. Angelini1 , Emily L. Shaw1
1
Department of Biology

Halophilic archaea often inhabit environments with limited oxygen, and many produce ion-pumping rhodopsin
complexes that allow them to maintain electrochemical gradients when aerobic respiration is inhibited. Rhodopsins
require a protein, opsin, and an organic cofactor, retinal. We have previously demonstrated that, in Halobacterium salinarum, bacterioopsin (BO), when not bound by retinal, inhibits the production of bacterioruberin,
a biochemical pathway that shares intermediates with retinal biosynthesis. In this work, we use heterologous
expression in a related halophilic Archaeon, Haloferax volcanii, to demonstrate that BO is sufficient to inhibit
bacterioruberin synthesis catalyzed by the H. salinarum lycopene elongase (Lye) enzyme. This inhibition was
observed both in liquid cultures and in a novel colorimetric assay to quantify bacterioruberin abundance based
on the colony color. Addition of retinal to convert BO to the bacteriorhodopsin complex resulted in a partial
rescue of bacterioruberin production. To explore if this regulatory mechanism occurs in other organisms, we
expressed a Lye homolog and an opsin from Haloarcula vallismortis in H. volcanii. H. vallismortis cruxopsin
expression inhibited bacterioruberin synthesis catalyzed by H. vallismortis Lye, but had no effect when bacterioruberin synthesis was catalyzed by H. salinarum or H. volcanii Lye. Conversely, H. salinarum BO did not
inhibit H. vallismortis Lye activity. Together, our data suggest that opsin-mediated inhibition of Lye is potentially widespread and represents an elegant regulatory mechanism that allows organisms to efficiently utilize
ion-pumping rhodopsins obtained through lateral gene transfer.
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The analysis of genome-wide changes in gene expression in Enteropathogenic E. coli upon environmental stimulation
Nhi Van1 , Eun Young (Leah) Jeon1 , Lou Ann Bierwert2 , Christine White-Ziegler1
1
Program in Biochemistry, Smith College 2 Center for Molecular Biology, Smith College Department of Biological Sciences and Program in Biochemistry
Enteropathogenic E.coli (EPEC) is the common causes of potentially fatal diarrhea, which is one of the leading
deaths of children under five. Using RNA sequencing, we examined genome-wide changes in gene expression
in the EPEC strain E2348/69 in response to 37 and pH 5.5, environmental conditions that mimic the human
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caecum where EPEC colonizes. Statistical analyses were performed on comparisons to temperature (23 to 37 )
and pH (pH 7.5 to pH 5.5) alone and when both stressors are present. Expression profiles were different with
each comparison, but a large number of genes devoted to adherence and colonization were impacted by temperature and pH. Genes associated with initial attachment, including genes such as bundle-forming pili (bfp)
and trans-envelope protein secretion systems (type III secretion system) (esp, sep and esc) were increased in
expression at low pH. Genes associated with tight adherence (eae and tir ) and the pathogenicity-related type III
effectors (esp), which encode toxins and secreted proteins, and outer membrane immune evasion systems, were
also highly expressed during acidic stress. The regulators Per and Ler were also influenced by these environmental cues, suggesting a regulatory mechanism by which these virulence genes are controlled by temperature
and pH. These results indicate that low pH enhances the ability of EPEC to successfully invade and infect the
host.
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pHast and FURious: Stress Response of Enteropathogenic Escherichia coli in Acidic Conditions
Sara Van Cor*,1 , Samantha Linder*,1 , Aminata Ka*,1 , Lou Ann Bierwert*,3 , Christine White-Ziegler1
1
Program in Biochemistry, Smith College 2 Center for Molecular Biology, Smith College 3 Department of Biological Sciences and Program in Biochemistry, Smith College
Enteropathogenic Escherichia coli E2348/6(EPEC) is a common cause of diarrhea, which can be particularly
fatal in infant populations. Using RNA-seq, we examined changes in gene expression in response to pH 5.5 and
37C, conditions selected to emulate the conditions found in the human cecum, where this bacterium colonizes
and causes infection. Statistical analyses of the comparison between these conditions identified 241 genes that
were altered in expression. Multiple genes associated with iron and zinc acquisition were decreased while copper and zinc exporters showed increased expression. The large number of Fur regulated genes with decreased
expression indicates it may play a regulatory role in these processes. Previous studies demonstrating that low
pH increases the solubility of metal ions may indicate this is a stress response to metal toxicity. Simultaneously,
increased expression of hydrogenases may be important to address low pH stress. Together, these findings have
implications for survival and colonization of EPEC in the harsh conditions of the gastrointestinal tract.
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AlpA controls virulence gene expression in Pseudomonas aeruginosa by functioning as an antiterminator
Jennifer Pea1,2 , Kirsty McFarland2 , Tracy Kambara1,2 , Simon Dove1,2
1
Harvard Medical School, Boston, Massachusetts 2 Division of Infectious Diseases, Boston Childrens Hospital

Pseudomonas aeruginosa is a Gram-negative bacterium, an opportunistic human pathogen, and is on the Center
for Disease Controls list of top drug resistant threats in the United States. P. aeruginosa encodes a programed
cell death pathway (PCD) that is positively regulated by AlpA. Deletion of alpA decreases the ability of P.
aeruginosa to colonize mice in an acute lung infection model. AlpA positively regulates expression of cell lysis
genes, alpBCDE, in response to DNA damage. AlpA also positively regulates a second set of genes, PA0807PA0831, most of which have unknown functions. Here we present evidence that AlpA regulates gene expression
by allowing RNA polymerase to bypass termination sites positioned downstream of target promoters. AlpA
thus appears to function as a processive antiterminator to regulate target gene expression in response to DNA
damage.
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The Role of Group IV Sigma Factors in Streptomyces coelicolor
Hannah Boss Maheno1 , Dr. Roger Greenwell1
1
Worcester State University
Bacteria have complex signaling pathways that are used to monitor and react to their environment. Through the
activity of sigma factors, which recruit RNA polymerase to specific promoters and express targeted genes, the
cell can respond to a wide variety of environmental stimuli and stress. Group IV, or extra-cytoplasmic function
(ECF), sigma factors are stress response sigma factors that bacteria use to respond to those stimuli. Several
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ECF sigma factors of the bacterium Streptomyces coelicolor were investigated using a bioinformatics-based approach to identify potential target genes. Potential target genes were identified by first detecting conserved
promoter motifs (-35 and -10 elements) upstream of sigma factor gene orthologs from S. coelicolor and other
Streptomyces species using MAST motifs, and then scanning the genome using MEME to identify genes with
that promoter motif. Motif sequences upstream of predicted target genes were scored based on confidence levels.
To test the prediction model, a gel shift assay was performed to determine if one sigma factor, SCO0632, would
bind to the promoter of a potential target gene, SCO0944. An observed band shift indicated a protein-DNA
interaction, which supports the model for predicting target genes.
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Switching of metabolic programs in response to light availability is an essential function of the
cyanobacterial circadian output pathway
Anna M Puszynska1,2,4 , Erin K O’Shea1,2,3,4
1
Department of Molecular and Cellular Biology, Harvard University 2 Faculty of Arts and Sciences Center for
Systems Biology, Harvard University 3 Department of Chemistry and Chemical Biology, Harvard University
4
Howard Hughes Medical Institute
The transcription factor RpaA is the master regulator of circadian transcription in cyanobacteria, driving
genome-wide oscillations in mRNA abundance. Deletion of rpaA has no effect on viability in constant light
conditions, but renders cells inviable in cycling conditions when light and dark periods alternate. We investigated the mechanisms underlying this viability defect, and demonstrate that the rpaA- strain cannot maintain
appropriate energy status at night, does not accumulate carbon reserves during the day, and is defective in
transcription of genes crucial for utilization of carbohydrate stores at night. Reconstruction of carbon utilization pathways combined with provision of an external carbon source restores energy charge and viability of
the rpaA- strain in light/dark cycling conditions. Our observations highlight how a circadian output pathway
controls and temporally coordinates essential pathways in carbon metabolism to maximize fitness of cells facing
periodic energy limitations.
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The Potential Roles of Lignin for Tolumonas lignolytica BRL6-1 Metabolism
Gina Chaput1 , Andrew Billings1 , Joshua N. Adkins2 , Carrie D. Nicora2 , Rosalie K. Chu1 , Kristen DeAngelis1
1

University of Massachusetts Amherst 2 Pacific Northwest National Laboratory

Plant biomass can be comprised of up to 30% lignin, a recalcitrant biopolymer that gives plants structure
as well as protection from pathogens and microbial degradation. Industrial applications such as paper pulping
require the removal of lignin. However, current pretreatment methods tend to be costly and unsustainable. An
alternative and greener approach is biopulping, which uses microbes and their enzymes to break down lignin.
Here we investigate the physiology and mechanisms of anaerobic lignin degradation of a novel isolate, Tolumonas
lignolyticaBRL6-1, which has been observed to have greater yields in batch culture on media amended with
lignin compared to un-amended media controls. Two hypotheses to explain this growth effect are (1) lignin
is a carbon source for BRL6-1 and, (2) lignin increases bioavailability of iron. To characterize the potential
mechanisms by which BRL6-1 uses lignin to improve yields, proteomics was performed under anaerobic growth
conditions during early and late exponential phase. At early exponential phase 22 proteins were up-regulated at
least 2-fold, and at late exponential phase 5 proteins were upregulated. These included an alkylhydroperoxidase,
anthranilate synthase, and multi-drug transporters, all related to bacterial responses in the presence of aromatic
compounds as well as iron transport proteins. The secretome was analyzed by sequencing extracellular proteins
in the late exponential phase with differential banding seen at 20kDa between amended and un-amended conditions. LC/MS revealed the presence of a hypothetical protein of unknown function. This work suggests lignin
may act as a secondary carbon source and indirectly provide iron to BRL6-1.
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Unraveling the Rules of Microbial Cross-feeding
Melisa Osborne1 , Daniel Segrè1
1
Boston University Bioinformatics Program
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Investigation of the uptake, utilization, and exchange of metabolites by the members of microbial communities is a rapidly growing area of biological research. While there are many natural and synthetic examples
of cross-feeding between microbes, the mechanisms of how species interact as well as the rules of how genetic
hardwiring encodes for species coexistence are yet to be elucidated. Here we implement a high-throughput
experimental approach in which carbon and nitrogen source utilization patterns are systematically tested in
search for media that induce cross-feeding interactions between pairs of microbes, following a procedure previously used for in silico experiments (Klitgord and Segr, PLOS Computational Biology, 2011; 6 (11): e1001002).
In particular, we have used BioLOG PM1 plates to experimentally characterize the use of carbon and nitrogen
sources by the bacteria Cellulomonas fimi and the yeast Yarrowia lipolytica. These species are of interest to the
production of lignocellulosic biofuels, and are a unique model community for studying the metabolic interactions
of bacteria and fungi. Comparison of the growth of Y. lipolytica and C. fimi in mono-culture and co-culture
allows for the identification of conditions in which culture growth is maximized when both species are present.
From these results, we can begin to determine the metabolites that are putatively exchanged between these
organisms. Further work will include using this high-throughput data to refine whole genome scale models for
future computational predictions and using analytical techniques such as LC-MS to characterize metabolites
produced as by-products by a wide range of carbon and nitrogen sources.
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Microbial Isolation, Characterization, and Antibiotic Extraction of Bacterial Strains from the
Southwestern United States.
Tess Handy*, 1, 2 , Amanda Wolfe1 , Sarah Seaton2, 3
1
Department of Chemistry, University of North Carolina Asheville, One University Heights, Asheville, North
Carolina, 28804, United States 2 Department of Biology, University of North Carolina Asheville, One University
Heights, Asheville, North Carolina, 28804, United States 3 Department of Biological Chemistry and Molecular
Pharmacology, Harvard Medical School, Boston, Massachusetts, 02115, United States

Multidrug resistant bacteria pose a threat to human health due to overprescription and misuse of antibiotics,
an industry of agriculture reliance, and the decline of novel antibiotic discovery. According to the CDC at least
two million people in the United States each year are infected with multidrug resistant bacteria and more than
23,000 succumb to those infections. Natural product (NP) isolation remains a robust source of novel antibiotics even though rediscovery is an ongoing problem. Understanding how ecological and evolutionary pressures
drive NP synthesis may lead to new discoveries, and isolation of bacteria from under-explored environments
and antibiotic production by mixed bacterial cultures may improve discovery efforts. This research reports the
isolation of 101 bacterial soil samples from the Southwestern United States and subsequent screening of those
bacteria for antibiosis induction through co-culture and quad-culture agar overlay inhibition assays. Bacteria
found to be strong antibiotic producers were then identified by 16S rDNA analysis and subjected to scale up
and extraction to isolate the produced antibiotic. Currently antibiotics produced by three bacteria, a Bacillus
strain (SS729) and two Streptomyces strains (SS735 and SS746) are being isolated and characterized. SS735
was found to have antibiotic activity against Gram-positive Staphylococcus aureus while the other two strains,
SS729 and SS746 were found to have antibiotic activity against both Gram-positive Staphylococcus aureus and
Gram-negative Escherichia coli in agar overlay inhibition assays.
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Rapid prototyping for biological design
Dawn Thompson , Jue Wang , Vinita Lukose1
1
Ginkgo Bioworks
The cost of DNA sequencing and synthesis has rapidly decreased in recent years, yet the cost to design and develop an engineered industrial organism remains high. At Ginkgo, we have developed an automated platform for
rapidly prototyping genetic designs that has increased our efficiency 7X over the past year. Organism designers
use custom software to explore broad swaths of evolutionary space; DNA synthesis and automated molecular
biology pipelines are used to quickly build engineered prototypes; strains are tested via a range of high throughput analytical tools to identify high performers; fermentation processes are developed using automated, high
throughput bioreactor systems. These tools enable a versatile platform that is relevant for designing custom
organisms making an impact across industries from flavor and fragrance to food, fashion, and pharmaceuticals.
Come by our poster and ask us more about enzyme discovery and organism design!
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Engineering E. coli with a Protein Delivery System as a Therapeutic Platform
Neha Godbole1,2 , Coral Gonzlez-Prieto1,2 , Analise Z. Reeves1,2 , Cammie F. Lesser1
1
Department of Medicine, Division of Infectious Diseases, Massachusetts General Hospital, Cambridge 2 Department
of Microbiology and Immunobiology, Harvard Medical School, Boston
New approaches are needed for the delivery of therapeutic agents to sites of disease to both improve efficacy and limit off-target side effects. Here, we describe our efforts to reengineer the type III secretion system
(T3SS) of Shigella flexneri into a programmable protein-delivery system. T3SSs are complex machines used by
many pathogenic Gram-negative bacteria to inject virulence proteins into the cytosol of host cells. In order to
transform the Shigella T3SS into a therapeutic agent, we first developed a non-pathogenic strain of Escherichia
coli that encodes a functional Shigella T3SS, but none of its secreted virulence proteins. We then modified
the nanomachine to secrete into its surroundings as opposed to host cells as well as engineered it to recognize
and secrete single domain antibodies (VHHs) or VHH-based neutralizing agents (VNAs). Next, we conducted
a screen to identify secretion signals that maximize the recognition of VHH and VNA as type III secreted
substrates. We then transferred the modified nanomachine into Nissle 1917 E. coli, a probiotic strain with a
well-established human safety profile. We are currently working to improve the stability of the secretor strains
and to activate the T3SS with an arabinose inducible promoter before testing the strains in animal models. We
will then engineer them to secrete VHH that bind to and inhibit bacterial toxins as well as pro-inflammatory cytokines in order to develop novel therapeutic paradigms for the treatment of toxin-mediated intestinal infections
and inflammatory bowel disease.
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Spatio-temporal control of EPSII production in Sinorhizobium meliloti using optogenetics
Charles M. Bridges1 , Reed A. Goodwin2 , Jessica Furrer3 , Yongku Cho4 , Leslie M. Shor1 , Daniel J. Gage1

1

Department of Molecular and Cell Biology, University of Connecticut, Storrs, CT 2 Department of Biology,
Stanford University, Stanford, CA 3 Department of Physics and Engineering, Benedict College, Columbia, SC
4
Department of Chemical and Biomolecular Engineering, University of Connecticut, Storrs, CT
The rhizosphere consists of the few millimeters of soil surrounding plant root systems where plants and the
soil microbiome directly and indirectly interact through association and metabolite exchange. Water retention
within the rhizosphere can influence water availability to plants and the microbial community, and can directly
affect the success of beneficial microbes. Exopolysaccharide (EPS) is a highly cross-linked polymer secreted
extracellularly by many bacteria including Sinorhizobium meliloti, and is known to modulate water availability
in soil. It also serves to protect bacteria from dynamic soil water conditions [1], predation [2] and improve access
to water-soluble nutrients [3]. We have combined the use of optogenetics and microfluidics to study the effects
of EPSII production on water retention in micro-porous networks of artificial soil aggregates inside microfluidic
devices. We have engineered S. meliloti EPSI/II- deletion mutants and have complemented the EPSII biosynthesis operon with an integrase-flippable version of its native promoter. Deletion mutants and reverse-facing
complementation strains were shown to exhibit an EPS- phenotype. EPSII production was rescued by complementation using a forward-facing native EPSII promoter and exhibited EPSII+ phenotype. A plasmid-based
blue-light inducible system [4] was implemented allowing optogenetic spatio-temporal expression of integrase
Bxb1. A GFP-RFP flippable reporter was integrated onto the S. meliloti chromosome, allowing greater sensitivity for testing of induction. Preliminary results show constitutive GFP expression during dark conditions
and RFP expression under blue-light, demonstrating proper induction. The GFP-RFP reporter will be replaced
with the integrase-flippable native EPSII promoter and strains tested for spatio-temporal EPS production in
microfluidic devices.
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Genomic analysis and growth characterization of two novel Dysgonomonas isolates from the
termite Reticulitermes flavipes
Rowena K. Ahia1 , Charles M. Bridges1 , Michael C. Nelson2 , Joerg Graf1 , Daniel J. Gage1
1
Department of Molecular and Cell Biology, University of Connecticut, Storrs, CT 2 Icahn School of Medicine
at Mount Sinai, Branford, CT
The ability of Reticulitermes flavipes to efficiently digest wood is due to a tri-partite symbiosis within its
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hindgut that contains both eukaryotic protozoal and prokaryotic symbionts. Two bacterial strains belonging
to the genus Dysgonomonas were isolated from the hindgut of R. flavipes and their genomes were sequenced.
Members of the genus Dysgonomonas are frequently found as low-abundance members of lower termites and
related cockroaches in 16S rRNA gene surveys, and are part of the core microbiota in R. flavipes [1]. Genomic
analysis using RAST and the CAZy database revealed a collection of enzymes well suited to hydrolyze polysaccharide components of lignocellulose, including cellulose, hemicellulose, pectin, starch and lignin; particularly
abundant were enzymes involved in xylan degradation. Also found were catabolic pathways for mono-, diand tri-saccharides, sugar-acids and sugar-alcohols commonly found in lignocellulose. Interestingly, pathways
involved in sialic acid and chitin utilization were observed, suggesting the ability to utilize host-derived substrates. Using high-throughput growth curve assays, we have developed a complex medium that optimizes the
growth of both isolates. Both strains grow optimally at pH 8.0 in phosphate-buffered medium containing 3%
peptone, 25 g/ml hemin and 2.5 g/ml Vitamin K1. Both isolates require hemin and Vitamin K1 for significant growth. Growth on various mono-, di- and tri-saccharides commonly found in lignocellulose were assayed;
growth was observed on most sugars tested. Growth on polysaccharides comprising lignocellulose were tested
using a solid-medium Congo red assay to determine their capacity for lignocellulose degradation.
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Engineered Microconsortium for Efficient Co-Utilization of Hexose Mixtures
Todd Chappell1 , Nikhil U. Nair1
1
Department of Chemical and Biological Engineering, Tufts University

Biomass hydrolysates are a cheap, renewable, and available source of nutrients and there is considerable interest in their use as feedstocks for bioconversion into value-added products such as biofuels, organic acids,
sugar alcohols, biopolymers, and natural compounds. Hexoses, such as glucose, galactose, and mannose, are
a major component of some biomass hydrolysates and can be easily metabolized by the prominent industrial
species Escherichia coli. However, bioconversion of mixtures of hexoses by E. coli is inefficient due to carbon
catabolite repression (CCR), a metabolic response to the presence of multiple catabolizable substrates whereby
the presence of a more preferred substrate results in the repression or inhibition of the catabolic pathways of
less preferred substrates. To overcome CCR, we developed a microconsortium of different E. coli strains, each
engineered to preferentially catabolize a different hexose - glucose, galactose, or mannose. We modified the
specificity and preference of carbon source using a combination of rational strain design and adaptive evolution.
The modifications ultimately resulted in strains that preferentially catabolized their specified sugar when grown
in a mixture of sugars, and we showed that relative strain population correlated with the concentration of the
sugar it was intended to catabolize when grown as a consortium. Finally, comparative analysis of the consortium
to the wild-type strain in galactose- and mannose-rich sugar mixtures revealed that the consortium grew faster
and to higher cell densities.

104

Cell Envelope Protein Critical for the Biosynthesis of Mycobacterial Lipomannan
Kathryn C. Rahlwes1 , Stephanie A. Ha1 , Daisuke Motooka2 , Jacob A. Mayfield2 , Shots Nakamura1 , Yasu
S. Morita1
1
Department of Microbiology, University of Massachusetts, Amherst, MA, 01003, USA 2 Department of Infection
Metagenomics, Research Institute for Microbial Diseases, Osaka University, Osaka Division of Rheumatology,
Immunology and Allergy, Brigham and Womens Hospital, Harvard Medical School, Boston, MA 02445, USA

Tuberculosis kills millions annually, and new drugs are needed. Phosphatidylinositol mannosides, lipomannan
and lipoarabinomannan are essential structural components of the mycobacterial cell envelope and their biosynthesis represents a potential chemotherapeutic target. However, the metabolism of these complex glycolipids
is not completely understood. In this study, using an approach of forward genetics, we identified a previously
unknown Mycobacterium smegmatis protein, MSMEG-5785, to be involved in lipomannan biosynthesis. The
deletion of MSMEG-5785 resulted in a mutant accumulating structurally aberrant lipomannan with truncated
mannan chain. Epistatsis analysis suggested that MSMEG-5785 is involved in the final stage of mannan elongation, and density gradient fractionation of M. smegmatis cell lysate indicated that it is a cell envelope protein.
The Mycobacterium tuberculosis ortholog is predicted to be essential for growth, and its heterologous expression
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complemented the truncated lipomannan phenotype of MSMEG-5785 mutant. In conclusion, MSMEG-5785 is
an evolutionarily conserved cell envelope protein necessary for lipomannan elongation.
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Metabolism of Mycobacterium tuberculosis as a response to antitubercular challenge
Xin Wang1 , Alexander L. Perryman1 , Shao-gang Li1 , Joel S. Freundlich1
1
Division of Infectious Disease, Department of Medicine, and the Ruy V. Loureno Center for the Study of
Emerging and Reemerging Pathogens, Rutgers University, New Jersey Medical School 2 Department of Pharmacology and Physiology, Rutgers University, New Jersey Medical School
Tuberculosis, caused by Mycobacterium tuberculosis (Mtb), kills 1.5 million people annually. The rise of multidrug resistant Mtb has led to an urgent need for new chemical tools to study the basic biology of Mtb. We
interrogate bacterial metabolism to probe the potential mechanism of action of small molecule antituberculars.
We will discuss two examples of Mtb decomposition of antitubercular agents through metabolic biotransformations. Illuminated through metabolomics-based methods, these examples further demonstrate how Mtb can
respond to drug pressure to survive.
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Anaerobic metabolism of 4-hydroxyproline by a prominent glycyl radical enzyme
Yolanda Y. Huang1 , Ben J. Levin1 , Spencer C. Peck1 , Yifeng Wei1 , Emily P. Balskus1
1
Department of Chemistry and Chemical Biology, Harvard University 2 Department of Chemistry, Massachusetts
Institute of Technology
trans-4-Hydroxy-L-proline (Hyp) is an abundant amino acid that is mostly made post-translationally. It is
predominantly found in collagen, a key component in connective tissues, and in glycoproteins from plant and
algal cell walls. Here, we describe the discovery and characterization of the anaerobic metabolism of Hyp
catalyzed by 4-hydroxyproline dehydratase (HypD), a new member of the glycyl radical enzyme superfamily.Through genomic context, homology modelling, and conserved residues, we were able to predict the activity
of HypD. We then confirmed that HypD converts Hyp to pyrroline-5-carboxylate (P5C) with a stereospecificity
for trans-4-hydroxy-L-proline. We also characterized the neighboring P5C reductase gene, which catalyzes the
last step in proline biosynthesis by reducing P5C to proline. The P5C reductase gene was found to co-localize
with HypD specifically in proline-fermenting anaerobes, suggesting that these species convert Hyp to proline for
energy metabolism. To confirm this, Clostridiales strains encoding HypD and the proline reduction pathway
displayed enhanced growth in a minimal medium when supplemented with Hyp or proline. Accumulation of
proline and aminovalerate, a downstream metabolite in proline fermentation, was observed over time. The
4-hydroxyproline dehydratase characterized here allows microbes the capability to access an abundant nutrient
for fermentation, carbon and nitrogen metabolism, and protein biosynthesis. HypD is likely a core function in
the gut microbiome given its abundance and prevalence in stool metagenomes from the HMP database.
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A chaperone-like protein complex plays an important role in growth transition in Bacillus
subtilis
Alicyn Reverdy1 , Aaron DeLoughery2 , Richard Losick3 , Yunrong Chai1
1
Department of Biology, Northeastern University, Boston, MA 2 Department of Biology, Massachusetts Institute
of Technology, Cambridge, MA 3 Department of Molecular and Cellular Biology, Harvard University, Cambridge,
MA
The YlbF and YmcA proteins are part of a protein complex that functions as a regulator for a variety of
Bacillus subtilis biological processes. This protein complex has been shown to interact with ComK, Spo0A, and
Rnase-Y to regulate competence, sporulation, and biofilm genes, respectively. Here, we present evidence for a
fourth regulatory function of the YlbF-YmcA proteins: growth transition. Upon reaching the mid-log phase of
cell growth in carbon-rich media, mutants for ylbF or ymcA exhibit a sudden decrease in cell density, which
shortly recovers and resumes growth at the normal rate. We demonstrate that the decrease in cell density is
due to cell lysis triggered by upregulation of autolysin genes in response to primary carbon source depletion.
Further, we show that the YlbF-YmcA proteins interact with the catabolite repression regulator CodY. Our
data suggests that YlbF alleviates CodY-mediated gene repression during growth transition, allowing expression
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of genes involved in utilization of secondary carbon sources upon primary carbon source depletion. This study
offers further insight into how the YlbF-YmcA protein complex plays a global regulatory role in Bacillus subtilis
cell development.
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Mucoadhesive and Anti-inflammatory Protein Display on Engineered Biofilm Matrix Proteins
from Commensal Bacteria
Pichet Praveschotinunt1, 2 , Anna Duraj-Thatte1, 2 , Ilia Gelfat1, 2 , Trevor Nash3 , Fred Ward1,2 , Neel Joshi1
1

Wyss Institute for Biologically Inspired Engineering at Harvard University, Boston, MA, 02115 2 Harvard John
A. Paulson School of Engineering and Applied Sciences, Harvard University, Cambridge, MA, 02138 3 Harvard
College, Harvard University, Cambridge, MA, 02138
The human gut microbiota has been linked to many diseases including metabolic diseases, infectious diseases
and inflammatory bowel diseases (IBD). Such relationships gave rise to the use of engineered probiotics as a
treatment for those diseases. Conventionally, probiotics are engineered to secrete soluble therapeutic factors to
target specific diseases. In contrast, we have engineered the biofilm matrix of probiotic and lab strain of E. coli
as a material capable of delivering biologically active peptides to the GI tract for the treatment of IBD. Our
approach involves alteration of a biofilm matrix protein of E. coli to display trefoil factors (TFFs), a family of
small peptides secreted from the GI tract, which play important roles in the protection and the repair of the
gastrointestinal epithelium.This engineered biofilm matrix is not only able display TFFs extracellularly but also
able to adhere to a human intestinal Caco-2 cell line better than that without displayed peptides. We have also
shown in vitro that curli-TFFs are able to interact with mucin, regulate various biomarkers and enhance wound
healing in Caco-2 cells which correlate with TFF activity. Moreover, EcN expressing curli-TFFs exhibited extended residence time and enhanced attachment in the mouse gut compared to the control EcN in vivo. Based
on these results, the ability to control the residence time of EcN, the anti-inflammatory property of curli-TFFs
in mouse models of colitis, and the delivery of a range of therapeutic peptides to the gastrointestinal tract will
be further investigated.
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Regulatory domains in the hybrid sensor kinase CrbS modulate direct activation of acetylCoA synthase transcription in the pathogen Vibrio cholerae
Cecilia Prado1 , Duy Nguyen1 , Frances Diehl1 , Paul Tyler2 , and Alexandra Purdy1
1
Purdy Lab, Amherst College Biology Department
The acetate switch is a bacterial regulatory mechanism used to alternate between acetate dissimilation and
assimilation. In V. cholerae, it is controlled by acetyl-CoA synthase (acs), which is primarily regulated by twocomponent signal transduction system CrbSR. In vivo, CrbS, CrbR, and Acs are each required for virulence
in Drosophila melanogaster (Hang et al., 2014). CrbS is a structurally-unique orphan hybrid histidine kinase
with a putative sensor domain comprised of a sodium/solute transporter-like region, similar to sodium/proline
symporter PutP. Consecutive STAC and PAS domains link this region to phosphotransfer signaling domains.
To evaluate contributions of CrbS domains to acs expression, we undertook a comprehensive mutational analysis of crbS. We deleted regions of the transporter, STAC, PAS, and receiver domains, and constructed point
mutations in residues conserved within PutP, and those likely involved in phosphotransfer. We show the CrbS
receiver domain is not needed for acs expression, suggesting it is a dispensable step in the pathway. Deleting the
STAC or PAS domains in CrbS reduced acs expression, but slightly increased Drosophila mortality in survival
assays, a possible impairment of signaling but not virulence. In an E.coli plasmid-based system, expression of
CrbR, the downstream response regulator, is sufficient to activate a lacZ transcriptional fusion to V. choleraes
acs promoter, supporting the hypothesis that acs is activated directly by CrbR in V. cholerae. Also, a minimal
promoter region necessary for CrbR-dependent acs activation was defined. Overall, we provide evidence that
CrbS includes positive and negative regulatory domains modulating direct acs transcriptional activation by
CrbR.
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Towards determining the topology and substrate interactions of a membrane-bound phosphoglycosyltransferase
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Sonya Entova1 , Barbara Imperiali1,2
1
Department of Biology, Massachusetts Institute of Technology 2 Department of Chemistry, Massachusetts Institute of Technology
Phosphoglycosyl-transferases (PGTs) play key biological roles as the initiators of many important glycoconjugate
pathways including N-linked protein glycosylation in eukaryotes and peptidoglycan and O-antigen biosynthesis
in bacteria. PGTs are integral membrane proteins that transfer a phosphosugar from a nucleotide donor to
a polyprenol-phopshate anchor in the membrane. The hydrophobicity of the membrane environment in which
PGTs and their polyprenol substrates are found hampers structure-function studies of PGTs significantly. Little
is known about the structures of many PGTs or how they recognize and bind their polyprenol substrates in
the lipid membrane to initiate glycan assembly. PGTs vary widely in their membrane topology, having from a
single to twelve membrane-bound helices and from none to two cytosolic domains. The PglC family of PGTs
has the simplest topology, with a single membrane-inserted helix and one cytosolic domain. Recent work in
our group has determined that the membrane-inserted domain of PglC from the N-linked protein glycosylation
pathway of Campylobacter jejuni forms a reentrant helix motif rather than a transmembrane helix, as had
been previously thought, and that this topology is a highly conserved feature shared by the PglC family and
two additional, related PGT families. Current efforts aim to apply a variety of biochemical and biophysical
approaches to identify conserved residues of the membrane-inserted domain of PglC that are key determinants
of its unusual topology, and to probe the mechanism by which the reentrant helix of PglC in its able recognize
and bind polyprenol-phosphate in the membrane to initiate glycan assembly.
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Engineering Haloferax volcanii for carotenoid production
Erika L. Smith1 , Ronald F. Peck1
1
Department of Biology, Colby College

Haloferax volcanii is a salt-loving Archaeon originally isolated from the Dead Sea. H. volcanii is that is metabolically versatile and synthesizes carotenoids, colorful light-absorbing pigments, including phytoene, lycopene, and
bacterioruberin. Carotenoids function as natural colorants and are often used in feed supplements for aquaculture. Due to the nature of their chemical structure, carotenoids act as antioxidants to protect against harmful
reactive oxygen species; however, because humans and other animals lack the ability to synthesize carotenoids,
they must be obtained through the diet. Astaxanthin, the pigment that gives salmon their characteristic color,
has been noted for its superior antioxidant activity, surpassing even that of -carotene. In mammals, astaxanthin supplementation has been implicated in preventing cardiovascular disease and protecting tissues from
oxidative stress caused by free radicals. Astaxanthin may be synthesized chemically, but an economical source
of biologically-produced astaxanthin is desirable for human consumption. We plan to use synthetic biology to
engineer H. volcanii to produce astaxanthin. In this process, we engineered an H. volcanii strain that yields
substantially more carotenoids than the wild-type strain and accumulates lycopene, an astaxanthin precursor.
We are currently attempting to introduce genes that will allow this lycopene to be converted into astaxanthin.
Our research may lead to an H. volcanii strain that can be introduced into salt ponds to allow a cost-effective
means of natural astaxanthin production.
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Effectors of the Streptomyces coelicolor life cycle transition to aerial hyphae
Joseph Girouard1 , Dr. Roger Greenwell1
1
Worcester state University
The bacterium Streptomyces coelicolor is known for antibiotic production and its complex developmental life
cycle. We are investigating the pathways necessary for morphogenesis of this filamentous bacterium, focusing
on its transition from vegetative to aerial hyphae (AH). Our work focuses on two areas: the biosynthesis of
the biosurfactant SapB and the secretion of compounds that allow bypass of developmentally-defective strains.
SapB allows cells to break aqueous surface tension to transition from vegetative hyphae to AH. SapB production
is controlled by the response regulator, RamR, but what remains unclear is how RamR is activated. Variant
RamR proteins have been generated and are being investigated in vivo to identify essential components of this
response regulator. Developmentally-defective S. coelicolor mutants in which AH do not form absent (so-called
bald, or bld, mutants) are being investigated to understand the developmental signals that are necessary for AH
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formation. It has been observed that some secreted extracellular signals can bypass these defects, such as has
been observed by BldF secreting compounds allowing other strains to form AH. We are using chromatography
methods separate these compounds for identification. These experiments will allow us to further understand
the developmental processes of S. coelicolor.
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Rod shape maintenance in aging cell wall of mycobacteria
Catherine Baranowski1 , Hesper Rego1 , Lok To Sham1 , Hoong Lim2 , Thomas Bernhardt2 , Eric Rubin1
1

Department of Immunology and Infectious Disease, Harvard T. H. Chan School of Public Health 2 Department
of Microbiology and Immunobiology, Harvard Medical School
The inner-most layer of the bacterial cell wall, peptidoglycan (PG), is network composed of glycan strands
cross-linked by peptide side-chains. PG maintains shape and protects the cell from osmotic stress. It is believed that cytoskeletal elements like mreB, along with PG synthases, are required to maintain rod-shape in
lateral growing bacteria like E.coli. However, mycobacteria and other tip-growing bacteria lack the cytoskeletal
homologs, and further do not synthesize PG along the lateral cell wall. So, how do they maintain rod-shape
theredelta Interestingly, tip-growing rod-shaped bacteria like mycobacteria are enriched for a specific variety of
peptide side-chain crosslinks, the 3-3 crosslink as compared to lateral growing bacteria like E.coli. The 3-3 crosslink is catalyzed by L,D-transpeptidases (LDTs), and the 4-3 cross-link by penicillin binding proteins (PBPs).
To test whether 3-3 cross-linking of PG is a factor of rod-shape maintenance in the lateral cell wall of tip-growing
bacteria, we knocked out LDTs in Mycobacterium smegmatis. We found that loss of 3-3 crosslinking caused
the oldest PG to lose rod-shape, suggesting that the act of 3-3 cross-linking is one mechanism of rod-shape
maintenance in the tip-grower M.smeg. Further, we see that ldtE, the most highly expressed LDT in M.smeg,
localizes to the oldest cell wall, supporting this model. Lastly, we hypothesize PBPs, the 4-3 cross-linkers,
cannot sustain rod-shape on their own in tip-growing M.smeg because polar elongation restricts the substrate
of 4-3 cross-linking to the poles.

114

Identifying Factors Involved in Regulating Cell Division in Escherichia coli
Thao Truong1 , Derek Lau2 , Thomas G. Bernhardt1
1
Department of Microbiology and Immunobiology, Harvard Medical School 2 Department of Biology, Emmanuel
College
In Escherichia coli cell division is carried out by a cytokinetic ring organized by polymers of the tubulinlike FtsZ protein. Proper positioning of the division site to midcell is mediated by the Min system, which blocks
FtsZ assembly at the cell poles. Division placement is not completely random in the cells defective for Min
nor is the system essential. Therefore, a low-throughput screen for mutants synthetically lethal with a Min
defect (slm mutants) was performed previously to identify additional regulators. This screen identified SlmA
as a nucleoid occlusion factor that blocks FtsZ assembly over the chromosome and thus helps coordinate DNA
replication/segregation and cell division. The screen for slm mutants was not saturated such that additional
regulators of cell division may have been missed. We therefore used transposon-insertion sequencing methodology to uncover the full set of genes that specifically become essential in a Min-defective strain. The results of
the analysis will be presented in addition to on-going efforts to understand the potential roles of the identified
factors in cell division and its regulation.
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Identification and characterization of factors involved in cell wall homeostasis in Pseudomonas
aeruginosa
Coralie Fumeaux1 , Thomas G. Bernhardt1
1
Department of Microbiology and Immunobiology, Harvard Medical School, Boston.
Peptidoglycan (PG) is an essential cross-linked polymer that surrounds most bacterial cells and prevents them
from osmotic rupture. The PG cell wall is a meshwork made of glycan strands cross-linked by short peptides. Its
synthesis relies on penicillin-binding proteins (PBPs), the targets of a major class of antibiotics, the β-lactams.
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Many gram-negative bacteria, including the opportunistic pathogen Pseudomonas aeruginosa are resistant to βlactam antibiotics due to a chromosomally encoded β-lactamase called AmpC. In P. aeruginosa expression of the
ampC gene is tightly regulated and its induction is linked to cell wall stress. We therefore reasoned that a lacZ
fusion to the ampC promoter (PampC::lacZ) would serve as a useful reporter for the identification of new factors
involved in maintaining cell wall homeostasis in P. aeruginosa. To this end, we mutagenized a strain encoding
the PampC::lacZ fusion with a transposon and plated the resulting mutant library on plates containing X-gal
(5-bromo-4-chloro-3-indolyl-beta-D-galactopyranoside). Colonies displaying increased blue-color indicative of
lacZ induction were selected for further analysis and the locations of transposon insertions in these isolates were
mapped using arbitrarily primed PCR. As an indication that the screen was working as expected, mutants with
transposons disrupting the dacB and ampD genes were isolated. These genes encode cell wall remodeling or
recycling factors, respectively that have previously been implicated in ampC induction and clinical resistance
to β-lactam antibiotics. In addition to these alleles, several novel mutants resulting in ampC induction and
elevated cell wall stress were identified. Results characterizing the role(s) of these factors in PG homeostasis
and β-lactams resistance will be presented.
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Rapid Bacterial Capture Using Dielectrophoresis
Xu Simon1 , Helen Markewich1
1
Fluid-Screen, Inc.
Fluid-Screen presents technology to directly detect bacteria, without time-consuming amplification steps. The
technology combines microelectronics, microfluidics, and microbiology to first concentrate bacteria from a fluid
sample and then transport it to a modular counting and identification chip. Bacterial capture on the FluidScreen Sample Sorter occurs through the phenomena of dielectrophoresis and electroosmosis. We have shown
successful capture of every bacterium studied, including Gram-positive and Gram-negative bacteria, and those
lacking a cell well. Furthermore, by carefully tuning the electric field applied to the device, we have shown
separation of even very similar bacterial species based on selective capture and release. Finally, we have demonstrated bacterial capture from a variety of fluids, including laboratory-defined saline solutions, environmental
water samples, and complex biological fluids.After bacteria are captured, the concentrated sample can be applied directly to any number of quantification or identification apparatus. Many of these techniques, such as
PCR, depend on culture-based amplification methods for sample preparation because of low sensitivity. The
Fluid-Screen sample sorter rapidly collects bacteria from a fluid sample, with 99% efficiency, allowing for greater
speed and accuracy of bacterial identification. Fluid-Screen is currently developing its own proprietary rapid
identification chip based on each speciess unique electronic signatures.
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Exploring the Role of the GerS Lipoprotein Germination Regulator in Controlling Cortex
Modification in Clostridium difficile Spores
Oscar Diaz1 , Aimee Shen1
1
Department of Molecular Biology and Microbiology, Tufts University School of Medicine, Boston, MA
Clostridium difficile is a Gram-positive, spore-forming bacterium that is a leading cause of antibiotic-associated
diarrhea and gastroenteritis-associated death. C. difficile infection depends upon its metabolically dormant
spores germinating and outgrowing to form toxin-producing vegetative cells. A critical step during germination
is the degradation of the cortex layer, a thick layer of modified peptidoglycan that maintains dormancy. In
C. difficile, cortex hydrolysis is mediated by the SleC cortex hydrolase, which is thought to recognize cortexspecific modifications following its proteolytic activation. SleC-mediated cortex hydrolysis also depends on the
recently-identified lipoprotein GerS through an unknown mechanism. In this study, we sought to test whether
GerS regulates cortex-specific modifications and thus controls whether SleC can recognize its cortex substrate.
In particular, we constructed deletions of cwlD and pdaA in the 630∆erm background and complemented these
mutations in single copy on the chromosome using pyrE-based allele-coupled exchange (ACE). These genes
encode enzymes that are required for cortex modification and thus cortex hydrolysis in B. subtilis. We also
used ACE to construct and complement a ∆gerS mutant, since previous studies of gerS were performed in the
JIR8094 background using plasmid-based complementation to over-express gerS. ∆gerS, ∆cwlD, and ∆pdaA
spores exhibited germination defects and increased heat sensitivity relative to wildtype. Interestingly, we observed altered spore morphology in ∆cwlD and ∆pdaA spores relative to wildtype and ∆gerS spores. We are
77

2017 Boston Bacterial Meeting - Poster Abstracts
currently testing the impact of GerS, CwlD, and PdaA on cortex modification by analyzing the muropeptide
profile of these spores relative to wild type. Our analyses will provide insight into the function of these proteins
in C. difficile and suggest that cortex modification may affect heat resistance and spore morphology.
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SpoIVA-SipL complex is essential for functional spore formation in Clostridium difficile
Megan H. Touchette1 , Priyanka Ravichandran2 , Hector Benito de la Puebla1, 3 , Aimee Shen1
1
Tufts University School of Medicine 2 University of Vermont 3 Francisco de Vitoria University
Spores are the infectious particle of C. difficile and inherently resistant to antibiotics and common disinfectants.
Architecturally, the spore is made up of distinct concentric layers with the outermost layers, the proteinaceous
coat and exosporium, conferring resistance to environmental insults as they surround and protect the spore. The
structure, function and assembly of the spore coat have been extensively studied in the model spore-forming organism Bacillus subtilis, but only 25% of the more than 70 spore coat proteins are conserved between B. subtilis
and C. difficile. We previously identified SpoIVA and SipL as coat proteins that are essential for proper coat
localization and spore formation. Notably, SipL is found exclusively in the Clostridia. In this study, we show
using co-immunoprecipitation that SpoIVA and SipL directly interact in C. difficile in a manner dependent on
SipLs C-terminal LysM domain. Using genetic analyses, we demonstrate that the LysM domain is essential for
spore formation in C. difficile and identify key regions within the LysM domain that are necessary for SpoIVA
binding using chimera analyses; we also quantify this interaction using a bacterial two-hybrid assay. Using
fluorescent protein fusions to SpoIVA and SipL, we demonstrate that the LysM domain is essential for SipL to
localize to the forespore through its ability to bind SpoIVA. We also show that although SpoIVA can localize
to the forespore in the absence of SipL, SpoIVA encasement of the forespore depends on SipL. Based on these
analyses, the LysM-SpoIVA interaction appears to be conserved among the Clostridia.
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Characterization of an environmental Pseudomonas isolate that is a rapid biofilm producer

Joseph Kroell III*,1 , Anthony Esposito*,1 , Dr. Roger Greenwell1
Worcester State University

1

Biofilms are complex microbial communities that allow for numerous interactions of certain microbial consortia. These interactions can be a cause of concern for those in the medical field, as many opportunistic
pathogens utilize these biofilms as a mode of infection. Pseudomonas aeruginosa is an example of this, and
can form complex biofilms in the lungs of Cystic Fibrosis patients. Recently an environmental isolate identified as a Pseudomonas species via 16S rRNA sequencing has been found to rapidly produce its biofilm. The
Pseudomonas isolate, termed D11, can produce antimicrobial compounds that inhibit the growth of the soil
bacterium Streptomyces coelicolor as well as Bacillus subtilis. D11 has also been found to grow more rapidly
compared to Pseudomonas aeruginosa 10145. D11 has been found to swarm faster than 10145 on nutrient agar
with low agar concentrations. After four days of growth on rich media D11 makes a thicker biofilm than P.
aeruginosa 10145. Scanning electron microscopy imaging has been conducted to compare the cell and biofilm
characteristics of this strain. Whole genome sequencing of D11 is also underway, which will then be annotated
to identify gene clusters that are specific to biofilm production and other characteristics.
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Programmable transcriptional repression in mycobacteria using an orthogonal CRISPR interference platform
Jeremy M. Rock1 , Forrest F. Hopkins1 , Alejandro Chavez2,3,4 , Marieme Diallo1 , Michael R. Chase1 , Elias
R. Gerrick1 , Justin R. Pritchard2,4 , George M. Church4 , Eric J. Rubin5 , Christopher M. Sassetti5 , Dirk
Schnappinger6 , Sarah M. Fortune1,7
1
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USA 2 Wyss Institute for Biologically Inspired Engineering, Harvard University, Cambridge, Massachusetts,
USA 3 Department of Pathology, Massachusetts General Hospital, Boston, Massachusetts, USA 4 Department
of Genetics, Harvard Medical School, Boston, Massachusetts, USA 5 Department of Microbiology and Physiological Systems, University of Massachusetts Medical School, Worcester, Massachusetts, USA 6 Department of
Microbiology and Immunology, Weill Cornell Medical College, New York, NY, USA 7 The Ragon Institute of
MGH, Harvard and MIT, Cambridge, Massachusetts, USA
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Development of new drug regimens that allow rapid, sterilizing treatment of tuberculosis has been limited
by the complexity and time required for genetic manipulations in Mycobacterium tuberculosis. CRISPR interference (CRISPRi) promises to be a robust, easily engineered, and scalable platform for regulated gene silencing.
However, in M. tuberculosis, the existing Streptococcus pyogenes Cas9-based CRISPRi system is of limited utility
because of relatively poor knockdown efficiency and proteotoxicity. To address these limitations, we screened
eleven diverse Cas9 orthologues and identified four that are broadly functional for targeted gene knockdown
in mycobacteria. The most efficacious of these proteins, the CRISPR1 Cas9 from Streptococcus thermophilus
(dCas9Sth1), typically achieves 20-100 fold knockdown of endogenous gene expression with minimal proteotoxicity. In contrast to other CRISPRi systems, dCas9Sth1-mediated gene knockdown is robust when targeted far
from the transcriptional start site, thereby allowing high-resolution dissection of gene function in the context of
bacterial operons. We demonstrate the utility of this system by addressing persistent controversies regarding
drug synergies in the mycobacterial folate biosynthesis pathway. We anticipate that the dCas9Sth1 CRISPRi
system will have broad utility for functional genomics, genetic interaction mapping, and drug-target profiling
in M. tuberculosis and other bacteria.
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Molecular Evolution of Escherichia coli harbouring Ancient Elongation Factor
Divjot Kaur1,2 , Alexundru M. Plesa1 , Betül Kacar1
1
Harvard University, Cambridge MA 2 University of Surrey, UK
The Elongation Factor-Tu (Ef-Tu) gene is important in the translational machinery of cells. Through the
use of phylogenetic trees we resurrected an ancestral version of this gene dating 0.7 billion years ago and integrated it in the E.coli genome replacing the wild type gene. We also resurrected other modern homologs and
integrated these into E.coli making different strains with variants of the gene. These strains were subjected to
long-term evolution for 1000 generations via daily transfers. All tested strains showed a decreased doubling time
indicating increased fitness after undergoing the evolution process. This increase directly correlated with the
amount of Ef-Tu transcript produced. However, it is unclear whether the accumulation of mutations in Ef-Tu
represented the replaying of evolution or just the surge of new adaptations. A more directed approach using
multiplex automated genome engineering (MAGE) will allow simultaneous integration of targeted mutations
into the Ef-Tu coding gene. The collection of targeted mutations will allow a deep study of the main protein
changes conducting the fitness increase.
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Expression of ancient Rubisco variants in cyanobacteria.
Stuart L. Brown1, 2 , Betul Kacar1
1
Harvard University 2 University of Surrey

The phylogenetic tree for Rubisco has been recently determined allowing the prediction of ancestral sequences1.
The in vivo study of the functionality of these variants in cyanobacteria gets complicated by the existence
of between five or seven copies of the genome per cell2. This makes standard gene knock-out based on antibiotic markers unfeasible and requires extensive screening to find a useable homogeneous genotype. Ancient
genes are likely to reduce the fitness of the modern cell. Gene variants causing drastic fitness costs may be
impossible to be made homogeneous in a single genome relying on traditional methods. Here we present a
method using CRISPR-Cas9 and standard homologous recombination that facilitates the generation of homogenous cyanobacterial genomes for Rubisco variants without the need for repeated screening. This system
will allow in vivo studies of several ancestral Rubiscos tracing the evolution of the gene to modern day wild
type.1) Hanson-Smith, V. unpublished 20162) Bird A. J., Turner-Cavet J. S., Lakey J. H. and Robinson N. J. A
carboxyl-terminal Cys2/His2-type zinc-finger motif in DNA primase influences DNA content in Synechococcus
PCC 7942. J Biol Chem 273, 2124621252 (1998).
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Prey Range and Predatory Phenotype of Soil Bdellovibrio
Justina Mellone1 , Nicole Cullen1 , Laura Williams1
1
Providence College
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Predatory bacteria, including Bdellovibrio species, attack and digest other bacteria. Bdellovibrio invades prey
periplasm and uses cell components to produce progeny, which lyse prey. Bdellovibrio are found in terrestrial and aqueous environments and attack diverse prey species. Through studying the prey range of a soil
Bdellovibrio, we aimed to inform development of predatory bacteria as an antibiotic alternative.We isolated a
predatory bacteria strain from bioswale soil and identified it as Bdellovibrio through 16S rRNA gene sequencing.
We explored this isolates prey range by challenging it with eight different prey strains. The soil Bdellovibrio
formed plaques on five strains including soil and freshwater isolates and E. coli ML35, suggesting the isolate
is a generalist. The soil Bdellovibrio did not form plaques on a different E. coli strain, indicating that variation in prey affects a predators prey range.When challenged with E. coli ML35, the soil Bdellovibrio formed
incompletely clear plaques, whereas B. bacteriovorus type strain HD100 formed completely clear plaques. For
the soil Bdellovibrio, we noted many bdelloplasts with live progeny in lysates when using 1000x phase-contrast
microscopy, indicating this isolate may be less efficient at lysing prey. These stalled bdelloplasts may account for
plaque phenotype differences between the two Bdellovibrio strains.We used electron microscopy to view detailed
morphology of the soil Bdellovibrio cells. Genome assembly of this isolate using PacBio and Illumina data is in
process. This work furthers our understanding of predatory bacteria phenotype and their potential therapeutic
applications in controlling bacterial pathogens.
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DNA Resource Core
Al Reynolds1 , Stephanie Mohr2 , Li Chan1 , William Veguilla1
1
Department of Biological Chemistry and Molecular Pharmacology, Harvard Medical School 2 Department of
Genetics, Harvard Medical School
The Mission of the DNA Resource Core is to provide members in the DF/HCC, Harvard Affiliates, and outside
researchers with quality and inexpensive DNA sequencing services and sequence verified plasmid constructs,
paired with comprehensive quality control and customer support. Consider us while conducting your next experiment for plasmid or sequencing needs, as we are competitively priced, offer user-friendly service, in a timely
manner. Additionally, we are always looking for plasmid library deposits that you may have, to help the greater
community ascertain the best construct for their research. The PlasmID Repository is part of the DF/HCC, the
largest comprehensive cancer center in the world. This National Cancer Institute (NCI) funded facility helps
cancer researchers achieve their research objectives using cutting edge clinical and molecular research tools.
Our library consists of over 350,000 plasmid constructs used in loss-of-function, gain-of-function, and protein
expression studies. This type or research helps to identify the molecular pathways and protein interactions that
underlay cancer. The DNA Resource Core Sequencing Platform continues to grow and support the DF/HCC,
Harvard, and largely the Greater Boston scientific community with attention to user-friendly service and quality
control. The Core provides DNA Sanger Sequencing at a highly competitive cost for users, with discounted
prices available for DF/HCC members. Currently, the DNA Resource Core is responsible for sequencing close
to 200,000 samples annually, serving over 5000 users in over 530 different laboratories.
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