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PS-1

Universal Mechanisms Controlling Biomineralization in
Microbes, Plants and Animals. BRUCE FOUKE. Carl R.
Woese Institute for Genomic Biology, University of Illinois
Urbana-Champaign, 1206 W. Gregory Drive, Urbana, IL.
Email: fouke@illinois.edu

Understanding how life has adapted and evolved to control
mineralization (biomineralization) is central to the application
of in vitro biology the grand challenges faced by global soci-
ety in energy, environment, climate change, agriculture, food
security, translational medicine, space exploration,
manufacturing and engineering. The universally strategic im-
portance of biomineralization arises from 4 billion years of
Life-Earth coevolution that has integrated non-biological
(abiotic) and biological (biotic) mechanisms to control the
formation of amorphous through crystalline mineral deposits.
These biomineralization processes are an essential, unavoid-
able and ubiquitously distributed force of nature at all scales of
time and space. Biomineralization therefore has profound
practical implications for Life, ranging from being the key to
survival to the cause of extinction. Multiple disciplines now
identify biomineralization-related systems and processes as
key targets for national scientific research focus. Paramount
amongst these has been the observation that, in conjunction
with multiple environmental factors, proteins within cells and
tissues can control the rate and product of crystalline biomin-
eralization. Examples of this phenomenon will be evaluated
with examples from a broad range of natural, engineered,
agricultural and medical biomineralization environment.

PS-2

Modeling the Human Esophagus In Vitro to Understand
Racial Disparities in the Tissue Response to Carcinogens.
DAYSHA FERRER-TORRES1,4, Max Hammer1, Josh Wu1,
Angeline Wu1, Charles J. Zhang5, Kateryna Karpoff1,

Caroline McCarthy1, Margaret S. Bohm1, Sha Huang1, Yu-
Hwai Tsai1, Sabrina Silvestri1, Kim Turgeon1, Jules Lin6,
Peter D. Higgins1, David G. Beer6, Jonathan Sexton6,
Michael Dame1, and Jason R. Spence1,4. 1Department of
Internal Medicine, Gastroenterology; 2Department of Cell
and Developmental Biology; 3Department of Biomedical
Engineering; 4Center for Organogenesis; 5Medicinal
Chemistry, College of Pharmacy; and 6Department of
Thoracic Surgery, University of Michigan Medical School,
Ann Arbor, MI. Email: dferrert@med.umich.edu

Gastroesophageal reflux disease (GERD) and bile reflux gas-
tritis are chronic diseases that causes severe patient discom-
fort, reduced quality of life and can lead to cancer develop-
ment. Reflux can cause chronic inflammation, known as
esophagitis, and is prevalent around the world due to it’s as-
sociation with obesity. European Americans (EA) are more
susceptible to tissue damage and inflammation when exposed
to GERD and bile-acids and have a higher incidence of esoph-
ageal adenocarcinoma when compared to African Americans
(AA). It is currently unknown how the healthy esophagus
responds to injury and if injury-response mechanisms differ
based on race. We have previously identified a critical mech-
anism of cellular detoxification against reactive oxygen spe-
cies (GSTT2) that is more abundant in the esophageal mucosa
of AA than EA. Nonetheless, to date, the appropriate human
cellular models to study racial disparity mechanisms are lim-
ited. I will discuss ongoing work to characterize the molecular
and cellular landscape of the human adult esophagus in vivo,
and a newly developed in vitro culture system via single-cell
transcriptome profiling and image based methods. Esophageal
cells derived from patients with different racial backgrounds
maintain their ability to form a stratified epithelium upon con-
fluence in vitro, and we are utilizing this model to characterize
their differential response to tissue injury. Finally, we are com-
bining this patient derived in vitro model with high-content
imaging-based deep phenotyping to understand the response
to cellular stressors including bile-acids, which are implicated
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in the pathophysiology of EAC, across ethnicities. Using these
tools we aim to potentially identify new therapeutics for can-
cer prevention that can maintain epithelial fitness even when
exposed to bile-acids.

PS-3

Modeling Epithelial-Mesenchymal Plasticity in 3D Epithelial
Organoids. JING YANG. Moores Cancer Center, University
of California, San Diego, La Jolla, CA 92093. Email:
jingyang@ucsd.edu

Mechanical force exerted by extracellular matrix is recently
recognized as a potent regulatory signal of various cellular
behaviors. Breast tumors are often detected due to their appar-
ent “hardness” compared to normal tissues, and increasing
matrix stiffness correlates with distant metastasis and poor
survival in breast cancer patients. These observations raise
the question of how mechanical forces generated by the rigid
tumor extracellular matrix (ECM) impact tumor progression
and metastasis. In a hydrogel coupled with 3D mammary
organoids culture system that recapitulates the range of phys-
iological stiffness from normal mammary glands to breast
tumors, mammary epithelial cells form normal ductal acini
with intact adherens junctions and underlying basement mem-
brane in the compliant matrix stiffness mimicking normal
mammary glands, whereas they weaken their junctions and
invade through basement membrane in the rigid stiffness sim-
ilar to breast tumors. These cell morphological changes in
response to increasing matrix rigidity resemble the
Epithelial-Mesenchymal Transition (EMT) program. We pre-
viously reported that the transcription factor Twist1 is an es-
sential mechano-mediator that promotes EMT and metastasis
in response to ECM stiffness. High matrix stiffness promotes
Twist1 nuclear localization through phosphorylation-
dependent regulation of its interaction with cytoplasmic an-
chor G3BP2. I will discuss a novel mechanoresponsive kinase
cascade that phosphorylates Twist1 to promote nuclear trans-
location of Twist1 in response to high matrix rigidity. This
study uncovers the molecular mechanism governing this nov-
el mechanotransduction kinase cascade that senses and trans-
mits the biomechanical signals from the tumor microenviron-
ment to drive EMT and tumor metastasis.

PS-4

Beyond Basepairs: Integrative Genome Science at the JGI.
NIGEL J. MOUNCEY. DOE Joint Genome Institute,
Lawrence Berkeley National Laboratory, Berkeley, CA
94720. Email: nmouncey@lbl.gov

As a USA Department of Energy (DOE) National Lab User
Facility, the Joint Genome Institute (JGI) provides a diverse

scientific user base with access to state-of-the-art genomic
technologies and scientific expertise to enable biological dis-
coveries and applications in the DOE mission areas of
bioenergy, nutrient cycling, and biogeochemistry. The JGI
offers a suite of capabilities that are unique in their ability
and scale to advance energy and environmental science from
high-throughput sequencing, to DNA synthesis, to high-
throughput and high-resolution metabolomics to high perfor-
mance computational analysis and tools. Indeed, owing to its
scale, integration of products, and scientific leadership, the
JGI is able to identify and address scientific grand challenges
that would otherwise be inaccessible to most institutions. In
pursuit of its mission to link genomic information to function-
al understanding, the JGI is integrating these capabilities to
enable scientists to discover new biological insights in meta-
bolic pathways, organisms, microbiomes, and model ecosys-
tems. The JGI is a leader in microbiome data science through
its user-centric scientific programs that have expanded the
microbial tree-of-life, discovered numerous new viruses and
host associations, explored microbe-plant interactions, and
discovered new biochemical pathways that play important
roles in nutrient cycling and microbial survival. At the JGI,
we are developing new tools and processes for identification
of novel natural product biosynthetic gene clusters from iso-
late genomes and metagenomes and complementing these
with a suite of new experimental platforms to access the prod-
ucts of these clusters. In this talk, I will highlight some of the
recent exciting scientific advances that the JGI has enabled

PS-5

10x Genomics Tools for Studying Biology at True
Resolution. NICOLE ABREU. 10X Genomics, 6230
Stoneridge Mall Road, Pleasanton, CA 94588-3260. Email:
nicole.abreu@10xgenomics.com

Our proprietary Next GEM technology fuels our Chromium
System with an innovative reagent delivery system, set of
algorithms and turnkey software analysis tools that enable
the discovery of previously inaccessible genetic information
at massive rate and scale. The Next GEM technology is built
on a new chip architecture that integrates seamlessly into
existing solutions. This technology will enable future solu-
tions and product improvements. The Next GEM technology
combines new chips and reagents, and is currently offered for
the following solutions:

– Chromium Single Cell Gene Expression Solution
– Chromium Single Cell Immune Profiling Solution
– Chromium Single Cell ATAC Solution

Additionally, the relationship between cells and their relative
locations within a tissue sample can be critical to
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understanding disease pathology. Spatial transcriptomics is a
groundbreaking technology that allows scientists to measure
all the gene activity in a tissue sample and map where the
activity is occurring. Already this technology is leading to
new discoveries that will prove instrumental in helping
scientists gain a better understanding of biological pro-
cesses and disease.

PS-6

Application of Single Nuclei Transcriptomics to Assess the
Hepatic Effects of Dioxin. R. NAULT1,2, K. A. Fader1,2, S.
Bhattacharya1,3, and T. R. Zacharewski1,2. 1Institute for
Integrative Toxicology, Michigan State University, East
Lansing, MI; 2Biochemistry & Molecular Biology, Michigan
State University, East Lansing, MI; and 3Biomedical
Engineering, Pharmacology & Toxicology, Institute for
Quantitative Health Science and Engineering, Michigan
State University, East Lansing, MI. Email: naultran@msu.edu

Characterization of cell specific transcriptional responses to
liver toxicants can be lost in the averages of bulk RNA-
sequencing (RNA-seq). Emerging single cell/nuclei RNA-
seq technologies now allows researchers to evaluate the
transcriptomes of individual cell (sub)types from in vivo and
in vitro models. To demonstrate the application of this tech-
nology for toxicological evaluation of xenobiotics, we per-
formed single nuclei RNA-sequencing (snSeq) on frozen liver
samples from male C57BL/6 mice gavaged with sesame oil
vehicle or 30 μg/kg 2,3,7,8-tetrachlorodibenzo-p-dioxin
(TCDD) every 4 days for 28 days. A total of 19,907 genes
were detected across 16,015 sequenced nuclei from control
and TCDD treated livers. Eleven cell (sub)types were identi-
fied including distinct pericentral, midzonal, and periportal
hepatocyte sub-populations, and reflected the expected cell
diversity of the liver. TCDD altered relative proportions of
hepatic cell types and their gene expression. For example,
macrophages increased from 0.5% to 24.7%, while neutro-
phils were only present in treated samples, consistent with
histological evaluation. The number of differentially
expressed genes in each cell type ranged from 122
(cholangiocytes) to 7625 (midcentral hepatocytes), and par-
tially correlated with the basal expression level of Ahr, the
canonical molecular target of TCDD. In addition to the ex-
pected functional enrichments within each cell (sub)types,
RAS signaling and related pathways were specifically
enriched in nonparenchymal cells while enrichment of meta-
bolic processes occurred primarily in hepatocytes. snSeq also
identified the expansion of a Kupffer cell subtype highly ex-
pressing Gpnmb, consistent with a population reported in a
dietary NASH model. Overall, we show how snSeq can be
used to decipher the heterogeneity of transcriptional changes
and cell population shifts in response to chemical or drug

exposure. Funded by Superfund Research Program
P42ES04911 and NHGRI R21HG010789.

PS-7

Microproteomic Analysis of Laser Capture Microdissected Cell
Protrusions. KARINE GOUSSET, Ana Gordon, Shravan
Kannan, and Joey Tovar. Biology Department, California State
University Fresno, 2555 East San Ramon Ave M/S SB73,
Fresno, CA 93740. Email: kgousset@csufresno.edu

Laser Capture Microdissection (LCM) is uniquely tailored to
specifically and reproducibly isolate and enrich individual cells
based on morphology and/or using fluorescence markers.
Numerous types of cellular protrusions have been described
and the majority of studies revolves around their possible func-
tions. Tunneling nanotubes (TNTs), filopodia, growth cones or
invadopodia are examples of cellular protrusions known to play a
role inmajor cellular events such as cell differentiation,migration
and invasion. My lab is specifically interested in TNTs, a novel
mechanism of functional connectivity between cells, involved in
the spreading of viruses, misfolded protein aggregates (leading to
neurodegenerative diseases), as well as the role they may play in
the proliferation and persistence of cancer. What has been miss-
ing so far is a method to analyze their individual protein compo-
sition and identify key differences within the various subsets of
cellular protrusions. Here, I will describe an LCM approach that
we have developed to specifically isolate cellular protrusions and
prepare samples for downstream microproteomic analyses and
talk about our latest results comparing different subtypes of pro-
trusions, especially comparing filopodia and TNTs.

PS-9

Bioethics and Public Policy for Benefits and Concerns in
Plants and Animals. DAVID B. RESNIK. National Institute
of Environmental Health Sciences, National Institutes of
Health, 111 Alexander Drive, Research Triangle Park, NC
27709. Email: resnikd@niehs.nih.gov

This presentation will review some of the key bioethical issues
related to the genetic engineering of microbes, plants, animals,
and human beings. It will consider the benefits and risks of
each of these different applications of genetic engineering and
argue discuss reasonable precautions for avoiding, minimiz-
ing, or mitigating risks. The presentation will also emphasize
the importance of public, community, and stakeholder engage-
ment related to genetic engineering policies.

P-10

Endocannabinoids, Phytocannabinoids and the Brain-gut
Axis. JOHN W. WILEY. University of Michigan, 1150 W.
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Medical Center Dr., 9301A MSRBIII, Ann Arbor, MI 48109.
Email: jwiley@med.umich.edu

Chronic stress is associated with enhanced abdominal pain (vis-
ceral hyperalgesia) in animal models and humans with Irritable
Bowel Syndrome (IBS). Several hypotheses have been proposed
to explain chronic stress-induced visceral hyperalgesia including
sensitization of central and peripheral pain pathways including
down-regulation in anti-nociceptive endocannabinoid (CB1) and
up-regulation in pro-nociceptive endovanilloid (TRPV1) recep-
tors located on primary sensory pain neurons innervating the
colon. Recently, we reported that the magnitude of visceral pain
response correlates with the magnitude of increased colon epi-
thelial paracellular permeability linked to down-regulation of ep-
ithelial tight junction protein expression in a validated chronic
stress rat model. Emerging evidence implicates a potentially piv-
otal role for epigenetic pathways in regulating pain perception. It
is unknown whether epigenetic regulatory pathways play a role
in chronic stress-induced increase in intestinal permeability and
concomitant visceral hyperalgesia. We will present data
supporting the hypothesis that visceral hyperalgesia in response
to chronic stress correlates with distinct profiles of DNA meth-
yltransferases (Dnmts) and histone tailmodification enzymes that
regulate intestinal epithelial tight junction protein expression and
function, and examine the potential role of endocannabinoid-2
(CB-2) receptors to prevent chronic stress-induced increase in
colon epithelial cell paracellular permeability. To assess translat-
ability of the animal results to the human, we will perform com-
plementary studies using human colonoids derived from controls
and age-matched patients with diarrhea-prone Irritable Bowel
Syndrome (IBS-D), differentiated human Caco-2 cells and a
novel human colon epithelial monolayer preparation, exposed
to stress levels of cortisol, pro-inflammatory cytokines ± relevant
agonists and antagonists and measure epithelial tight junction
protein expression and function.

PS-11

Understanding Cannabinoid Biosynthesis and Heterologous
Bioengineering by Learning Lessons from Cannabis sativa,
Helichrysum umbraculigerum and Radula marginata. O.
KAYSER. Technical Biochemistry, TU Dortmund University,
Dortmund, D-44227, GERMANY. Email: oliver.kayser@tu-
dortmund.de

Cannabinoids play a major role in pharmacology as new
upcoming chemical scaffolds for the treatment of various
diseases like chemotherapy, multiple sclerosis, trauma,
and ophthalmology. Besides their almost unique canna-
binoids as terpenophenolics are found only in few plants
like C. sativa, H. umbraculigerum and the liverworth
R. marginata. Based on genome and transcriptome anal-
ysis followed by studies on the metabolic profile impor-
tant differences are discussed. Cannabinoids are
biosynthesized in plants in glandular trichomes as mostly
less understood organ and trafficking and storage of
THC and related precursors remain unclear. In this talk,
we highlight the molecular basis for precursor delivery,
localization of biosynthesis in trichomes by Imaging-MS
and CARS microscopy, gene regulation by qPCR and
metabolome analysis of THC and CBD over the stan-
dard cultivation time of 8 weeks. Briefly, the heterolo-
gous expression and cannabinoid pathway assembly in
yeast are explained. Here, the concept of bioengineering
an artificial biosynthesis of cannabinoids following engi-
neering principles (systems biotechnology, in silico pre-
diction) is outlines. More recent cannabinoids have been
detected in the liver moss Radula marginata. The latest
f ind ings wi l l be in t roduced to the taxonomy,
phylogenicity and anatomical structure of these unique
cannabinoid producing mosses (1–3).
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