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I first started teaching writing in 1976. Then,
the teaching of writing was considered at best an art,
at worst, drudgery. Writing was viewed as the product
of a solitary mind following a linear process and using
the “correct” style: First, do the necessary research or
thinking, then create an outline, translate that into a
draft, and finally edit to conform to standard American
English. Some students were considered “gifted” writ-
ers; others were expected to memorize and apply rules
to produce adequate writing.

What changed that view, a change that was
rapidly advancing in the late 1970s, was research.
Teachers of writing realized with that empirical meth-
ods we could study the cognitive processes of writers
at work and use that to improve teaching. In the 1980s
and 1990s, we turned our attention to the social di-
mensions of writing, discovering that we write from
a particular subject position and bring to our writing
deeply ingrained, tacit ideas about language and genres.
We acknowledged that writing could be oppressive in
that it privileged certain styles and voices and censored
or suppressed others.

We have not stopped studying the writing
process, and the fact that we do now study it has not
only resulted in better pedagogy but also has begun to
give access to marginalized voices. We need research
so we don’t stagnate. We need research to improve our
practice.

| suspect the authors whose work is represented
in this journal went through an extensive and recur-
sive writing process. When done well, the process of
writing is messy. Not all of us start with an outline, for
example. (I hate them.) Not all of us write only one or
two drafts before they are ready to edit. While almost
everything we write conforms to some degree to genre
and audience expectations, those can vary widely and
be altered. We may be working within the expectations
of a defined genre (like an article reporting the results
of a quantitative study using the Introduction, Method,
Results and Discussion model) or we may be working

in a less structured
format (perhaps
reporting the results
of an ethnographic
study in a narrative).
In short, writing
becomes a process
of solving problems
and making choices.
It’s been compared
to master chess in its
complexity.

o

DR. VALERIE BALESTER

Assistant Provost for
Undergraduate Studies and the
Executive Director of the University
Writing Center and the Academic
Success Center

No matter
how you write, how-
ever, if you skimp
on discovery, you
will end up with a
skimpy product. Discovery is not always done once the
research is finished. As we draft, we ideally continue to
invent or explore new avenues of thought, new things
to say—we identify missing pieces, holes in logic, a
problem in our data, and we have to go back to discov-
ery and research before we can progress.

Writing is discovery. Writing is invention.
Writing is exploration. The ancient Greek rhetoricians
like Aristotle recognized the importance of heuristics
(derived from the Greek, eureka, meaning “I found it”)
to the orator’s process of composing.

Why name a journal Explorations? Obviously,
the exploration isn’t done once the research is done and
written up. Readers, even the authors who are reading
their own work, will be exploring as they peruse this
issue, gaining knowledge, sparking ideas, perhaps dis-
covering future research projects.

Even as infants, we explore the world, we
discover, we make inferences, we test them, we create
theories, we reject theories. In the academy, we for-
malize that process, and that gives us the potential to
change the world. It is an awesome responsibility. Re-



search can open some avenues and close others. We can
decide what and how to explore, and these decisions
have real world consequences. That’s why the peer re-
view process is vital. Peers keep us honest, help us see
the holes in our work, correct our missteps, and suggest
ways to interpret or apply what we discover.

Research is collaborative, and as we move
into the future, my hope is Texas A&M undergraduate

researchers will collaborate extensively, opening access
to alternative voices and visions and carrying on what
they learned from the Texas A&M mentors. Research
methodologies and subjects change. Commitment to
the academic integrity, to the creation of knowledge,
and to the freedom to explore, fostered by LAUNCH
Undergraduate Research, endures.
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The Impact of Genetic
Background on
Neurological Disease
Outcomes

By Madilyn Feik '21




INTRODUCTION

Viral infection early in life is thought to con-
tribute to greater susceptibility to neurological diseases
later in life such as Parkinson’s disease, multiple scle-
rosis (MS), epilepsy, and amyotrophic lateral sclerosis
(ALS).t Humans show a wide range of responses to
neurological diseases, ranging from mild symptoms to
critical illness, but little is known about what makes an
individual susceptible to grave consequences. People
infected with the same antecedent virus show signifi-
cantly different neurological outcomes later in life,
suggesting that the genetic background of the individu-
al influences the disease characteristics observed.

Although previous experimental studies with
mice have investigated viral infection mechanisms,
they utilized inbred strains, resulting in limited observ-
able disease characteristics or phenotypic responses
following viral infection.? The studies failed to reflect
the wide range of genetic diversity in humans and
consequently, our knowledge of human responses to
previous viral infection is limited. Therefore, a special-
ized mouse model known as the Collaborative Cross
(CC) is utilized in this study to model the complex ge-
netic diversity of humans. The CC mouse model results
from the deliberate crossbreeding of eight founder mice
strains to achieve maximum genetic recombination,
producing genetically and phenotypically distinct CC
strains.® Variable gene expression in CC mice contrib-
utes to variation in their observed phenotypes.*®

Theiler’s murine encephalomyelitis virus
(TMEV) causes neurological outcomes in mice analo-
gous to human neurological disease outcomes. Indi-
vidual CC strains show variable neurological disease
responses to TMEV infection based on the strain’s
genetic background.® During the acute phase of TMEV
infection, sudden onset neurological deficits can be
measured; however, neurological deficits during the
chronic phase of TMEV infection in mice are signif-
icant because neurological diseases in humans often
develop long after their initial viral infection. Further
classification of diverse neurological responses to a
single virus based on host genetic background gives
insight into why people with the same neurological

...PEOPLE WITH THE
SAME NEUROLOGICAL
CONDITION SUFFER

A WIDE RANGE OF
RESPONSES FROM MILD,
TRANSIENT SYMPTOMS
TO LIFE-ALTERING OR
FATAL ILLNESS.

condition suffer a wide range of responses from mild,
transient symptoms to life-altering or fatal illness. The
CC mouse model has previously been used to study
diverse neurological responses with variable host
genetic backgrounds for diseases such as SARS-CoV,
influenza, Ebola, and West Nile virus.” Although this
study investigated neurological disease pathologies in
mice, parallels can be drawn to the wide range of dis-
ease response observed in humans to other neurological
symptoms resulting from viral infections, such as the
SARS-CoV-2 disease (COVID-19).

The purpose of the present work is to develop
comprehensive phenotypic and histological profiles for
genetically distinct mice based on neurological disease
outcomes to TMEV infection. Analyzing diverse phe-
notypic outcomes, brain lesion locations, and cytokine
expression levels can help characterize TMEV disease
mechanisms and may ultimately improve neurological
disease models for human conditions such as Parkin-
son’s disease, MS, epilepsy, and ALS.

METHODS

To examine phenotypic and histological
outcomes in mice with distinct genetic profiles, CC
mice were examined at various time points throughout
the infection period. Figure 1 shows the comprehen-
sive experimental timeline for CC mice with TMEV
infection. Non-infected CC mice were also studied
throughout the infection period to serve as experimen-
tal controls.



mouse’s ability to grip and move around a grate while

hanging underneath it, as shown in Figure 4. Most no-
GENETIC DIVERSITY IN I

tably, the grate helped identify limb weakness, indicat-

CC STRAI N S RESU LTE D ed by the mouse’s difficulty with or inability to grip the
IN VARIABLE metal grate. Each of the neurological disease symptoms

displayed in Figure 2 were evaluated based on their

P H E N OTYP I C presence or absence, but several symptoms were eval-
OUTCO M Es AN D CNS uated based on their severity, including limb weakness,
limb paralysis, reflex deficiency, and seizure.
LESIONS FOLLOWING
In addition to qualitative phenotyping, three
TMEV INFECTION.

established quantitative behavioral assays were used
to evaluate motor function in mice: 1) Rotarod As-
sessment, 2) DigiGait Imaging, and 3) open-field test.
These behavior assays were performed at three points
throughout the experimental period: pre-infection, 21-,

Mice were infected with TMEV at four weeks
old, marking the 0-days post-infection (dpi) time point.
Critical time points in the experimental timeline were
14- and 90-dpi, representing the ends

+ TMEY infection

of the acute and chronic phases of -pg:g;ggz;; — “::m:.;':.‘,‘"
infection, respectively. Qualitative m oo i -
phenotyping was performed twice 3 I SR R .
daily during the acute infection phase : 1 . J
and once weekly during the chronic = < aa Ve e

IrTfectlon phase t(_) e_\/aluate_observable Figure 1. TMEV infection experimental timeline. Quantitative phenotyp-
disease characteristics. Weights were ing behavioral assay time points are indicated by *.
also recorded during qualitative phe-

notyping. The second row of Eigure

2 shows the neurological disease characteristics docu-
mented in qualitative phenotyping. Although Eigure 2
only displays up to 3-dpi, qualitative phenotyping was
recorded twice daily until 14-dpi and then once weekly The Rotarod Assessment detects motor defects
until 90-dpi. by measuring a mouse’s motor coordination, balance,
strength, and endurance.® Figure 5 shows the Rotarod
experimental setup. The rotating rod divided into isolat-

and 90-dpi, as indicated by asterisks in Eigure 1. Motor
evaluations helped understand disease progression in
TMEV-infected mice.

After weighing, CC mice were placed on a
flat surface to look for neurological deficits such as
hunched posture, seizures,

Animal 1D:
backing up, circling, enceph- == R A
I . Days | Reflex [ Hunchea | BckInE | Circling| o, | Cloaus | whea |Rumea| S [
alitis, ruffled fur, and stift/ e B ccnatll I i | Posture | LPon | on ul&:lr{.:ul':: Heldby | Fur | P20 | Right | Left [Righ | Left |Right| Left [Right [ Left
roun ] Tal Tail | Hind | Hind | Fore | Fore | Hind | Hind | Fore | Fore

spastic tail. Reflex defi- — R T
ciencies were tested in each ~ —7*=

. . idpi | Am
mouse by measuring reaction
. . . ldpi | PM
times turning from a supine s |
position back onto their paws. S
CC mice were then placed S| A
onto a metal grate as depicted sapi | e

in Figure 3. The metal grate

was rotated 180° to test the Figure 2. Qualitative phenotyping data collection form used twice daily to record

neurological disease characteristics.
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Figure 3 and 4. Qualitative phenotyping method to
identify limb weakness.

ed segments allowed for up to five mice to be tested at
a time. Small ridges allowed the mice to grip the rod
effectively as it rotated. The rod rotated at 4 rotations/
minute initially and increased by 4 rotations/minute
every thirty seconds. CC mice were kept on the rod
for a maximum of five minutes. Inability to stay on the
Rotarod for five minutes indicated neurological deficits
such as hindlimb weakness and paralysis, hunch, or
loss of motor coordination. Paper towels were placed
beneath each segment to cushion CC mice if they were
unable to stay on the Rotarod for the full five minutes.
The trial was repeated three times for each mouse with
a fifteen-minute rest period between each trial.

DigiGait Imaging was used to determine
peripheral nerve and spinal cord injury in TMEV mice
by measuring the length and width of limb stride.X® The
DigiGait Imaging system (Figure 6) used a ventral

Figure 6. DigiGait Imaging experimental setup.

Figure 5. Rotarod Assessment experimental
setup.

plane camera to record gait patterns. The plantar
surface of each paw was painted with a red washable
marker to make paw placement easy to detect. At a
treadmill belt speed of 15 cm/s, each mouse’s gait was
recorded until five consistent, consecutive steps of
each paw could be isolated from the DigiGait Imaging
video.

The open-field test assesses rodents’ natural
avoidance of unprotected, open areas; exposure often
induces anxiety and measurable behavioral patterns.™
The open-field arena (Eigure 7) had four overhead
lamps, illuminating eight empty 10 cm by 10 cm en-
closed experimental boxes with 25-cm-high walls. As
shown in Figure 8, a dorsal plane camera recorded the
movement of each mouse in a silent room lit only by
the overhead lamps over a thirty-minute experimental
period.

At the end of the chronic infection phase, tissue
samples were obtained from the hippocampus, cerebel-
lum, spinal cord, heart, and spleen of each CC mouse
for histological analysis and RNA sequencing. To
determine if similar lesion burdens existed within dis-
tinct CC strains, central nervous system (CNS) lesion
location and frequency were analyzed in addition to



Figure 7. Open-field experimental setup.

qualitative and quantitative phenotyping results. RNA
extraction techniques isolated RNA from each tissue
sample to investigate which genes were active in each
specialized cell type. RNA sequencing measured gene
expression in each tissue sample.

RESULTS

The most immediate difference between CC
strains was daily weight change. During the acute
phase of infection, non-infected mice naturally weighed
more in the morning and steadily gained weight as they
grew over time. TMEV-infected CC mice exhibited

...SPECIFIC HUMAN
GENETIC VARIANTS CAN
MAKE SOME PEOPLE
MORE SUSCEPTIBLE
THAN OTHERS TO
NEUROLOGICAL
DISEASES LATER IN LIFE.
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Figure 8. Open-field experimental trial.

various weight differences from 0- to 14-dpi including
minor weight loss, significant weight loss, or steady
weight gain mirroring non-infected CC mice weight
patterns. Interestingly, some strains showed an observ-
able difference in weight change between males and
females.

Qualitative phenotypic profiles of distinct CC
strains are displayed in Figure 9 with neurological dis-
ease outcomes represented as a percentage of the total
deficit. Figure 9 includes TMEV-infected CC strains
that developed significant neurological conditions;
however, several TMEV-infected CC mice showed
qualitative phenotyping profiles analogous to profiles
for non-infected CC mice of the respective strain.

Specific phenotypic outcomes were observed
more frequently in certain TMEV-infected CC strains.
Ruffled fur, circling while hanging underneath the
metal grate, and clonus (limb clasping) were common
in certain strains but did not always result from TMEV
infection. Seizures, paralysis, and encephalitis were
never observed in non-infected CC mice. Limb pa-
ralysis was always a result of TMEYV infection, often
affecting a mouse’s hindlimbs earlier and more severely
than the mouse’s forelimbs. Significant limb paralysis
was observed in CC023 and CC078 mice. The overall
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Figure 9. Qualitative phenotypic frequencies as a percentage of total neurological deficits observed in
distinct CC strains.

progression of phenotypic outcomes was measured
during the chronic infection phase; CC078 and CC023
phenotypic frequencies worsened between 14- and
90-dpi, but CC002 and CC025 phenotypic frequencies
improved between 14- and 90-dpi.

Typically, TMEV-infected CC mice with severe
hunch and hindlimb paralysis were unable to stay on
the Rotarod for more than a few seconds. Less severe-
ly affected mice could stay on the Rotarod for longer,
but often fell off before the five-minute period due to
decreased strength and endurance. However, results
with the Rotarod Assessment behavioral assay were not
always related to neurological disease outcomes; some
mice jumped off the Rotarod before the five-minute
period. The pre-infection motor evaluation time point
often helped train the mice to stay on the Rotarod to
achieve accurate experimental results during the 21-
and 90-dpi time points.

While DigiGait analysis showed differences
between strains and sexes at the pre-infection time
point, DigiGait imaging profiles varied over the infec-
tion period for both strain and sex. Several CC strains
had wider steps and a longer gait, while others un-
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evenly distributed their weight between each paw. Foot
and leg paralysis could also be evident in DigiGait
analysis. In severely affected CC mice, gait deficit
severity increased between the motor evaluation time-
points. The footprints of non-infected CC mice showed
the mouse’s toes fanned out from the center of the foot,
but severely TMEV-infected CC mice with foot paral-
ysis had clenched or limp toes during DigiGait trials.
Severe leg and foot paralysis were evident when CC
mice were unable to walk at the treadmill belt speed of
15 cm/s, which prevented recording of gait pattern.

Brain and spinal cord lesion locations were an-
alyzed to determine if there was an association between
brain lesion sites and outward phenotypic character-
istics observed in distinct strains. CNS lesion burden
profiles of CC mice are displayed in Figure 10. Lesion
locations varied significantly between strains. Notable
differences were found between males and females of
certain TMEV-infected CC strains. The most common
lesion burden across all CC mice was in the hippocam-
pus and thalamus; however, CC012xCC032 females,
CC013xCC041 females, all CC032xCC013 mice, and
CC041xCC012 males did not have lesion burdens in
the hippocampus or thalamus.
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Figure 10. Brain and spinal cord lesions as a percentage of total lesion burdens for distinct CC strains
and sexes. Females are indicated by (F), and males are indicated by (M).

Genetic diversity in CC strains resulted in vari-
able phenotypic outcomes and CNS lesions following
TMEYV infection. Similar neurological disease profiles
could suggest shared genetic loci or mechanisms be-
tween strains. A consistent cytokine protein expression
level was not found for mice with most neurological
disease outcomes. Open-field test results, cytokine lev-
el profiling, and further histological analysis during the

chronic infection period continue to be investigated.

DISCUSSION

It was found that TMEYV infection in genetical-
ly diverse CC mice results in a variety of phenotypic
differences and CNS lesions. Common phenotypic and
histological profiles could be indicative of shared viral
mechanisms between strains, suggesting that the pres-
ence of specific human genetic variants can make some
people more susceptible than others to neurological
diseases later in life.

Cytokine level profiling is currently being
investigated in relation to specific disease phenotypes.
Measuring relative cytokine expression will determine
if there is a relationship between cell protein signaling
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levels and similar phenotypic outcomes. Continuing

to map out CNS lesion locations and frequencies will
investigate the correlation between specific phenotypic
outcomes and CNS lesions. Inducing further genet-

ic variation by crossing more CC parent strains will
explore if mice of a specific parental sex contribute to
phenotypic outcomes in the offspring. Cohorts of 4-
and 14-dpi CC mice are in progress to evaluate initial
viral effects on distinct strains. The differences in phe-
notypic outcomes and CNS lesions between male and
female mice continues to be investigated. Analysis of
the viral load at 90-dpi will see if there is a difference
between the CNS- and systemic-viral load. Identifi-
cation of quantitative trait loci will hopefully indicate
regions of the genome harboring genes associated with

the phenotypic traits.

This study further developed phenotypic and
histological profiles for genetically distinct mice based
on neurological disease outcomes to TMEV infection.
Investigation of TMEV disease mechanisms aims to
explain the wide range of virally induced disease out-
comes in humans with neurological conditions such as
Parkinson’s disease, MS, epilepsy, and ALS.
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Angiogenesis-on-
Chip: Influence of
Biochemical Cues in
Angiogenesis using
an Organ-on-Chip
Approach
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INTRODUCTION

Microfluidic organs-on-a-chip, or microphys-
iological systems, are contemporary devices used to
recreate healthy or pathological human-specific tissue
microenvironments. One such process is angiogenesis,
where a parent blood vessel made of individual endo-
thelial cells (ECs) sprouts into new daughter blood ves-
sels. Angiogenesis occurs in many biological processes,
including during inflammation, wound repair, and
growth of tumors.! Studying angiogenesis allows scien-
tists to better understand how these processes occur and
how to better treat them. At the cellular level, angio-
genesis requires individual endothelial cells of a blood
vessel to receive a pro-angiogenic stimulus, migrate
toward that stimulus, proliferate, and form a cylindrical
tube.? These three events are commonly referred to as
tip cell selection and migration, stalk cell proliferation,
and tube maturation, respectively.?

Angiogenesis can be induced on chip devices
by adding biochemical cues that stimulate angiogenesis
in endothelial cells. Additionally, these biochemical
cues have varied roles and differing effects on the
various stages of angiogenesis (Table 1). In the liter-
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ature, angiogenesis chips are regularly reported, but
culturing conditions widely vary because no standard
protocol or quantification method exists.**> Additionally,
many reports misclassify endothelial cell sprouting as
angiogenesis, whereas in physiology, angiogenesis also
requires the final two stages of angiogenesis (endothe-
lial cell proliferation and final maturation to cylindrical
tubes). Due to the many outcomes that are possible
with the plethora of biochemical cues and cell lines
currently available, the standard culturing protocols
for angiogenesis-chips are missing. By developing a
standard for angiogenesis-on-a-chip, the findings of

STUDYING
ANGIOGENESIS ALLOWS
SCIENTISTS TO BETTER
UNDERSTAND HOW
THESE PROCESSES
OCCUR AND HOW TO
BETTER TREAT THEM.




future studies will be more accurate and
reflective of angiogenesis due to the

Table 1. Roles of Biochemical Cues in Angiogenesis.

implementation of these standards. Category Growth Factor Role in Angiogenesis
To address these gaps, this Tip Cell Migration VEGF Motility, tip cell selection
study was aimed at identifying several SIP Nitiiity, upreguiste i
cocktails of biochemical cues to set a metalloproteinase (MMP) secretion
stanc_iard for an_giogenesis, which can HGF Motility
regdlly be repl.lcat'ed and used for other — R T————
scientific applications. The study first - ) _
investigated the basic building blocks of Stalk Cell Proliferation VEGF Mitogen, tube morphogenesis
angiogenesis: endothelial cells and bio- PMA Mitogen, enhances other growth
. . . . factor effects
chemical cues. Using tri-channel micro-
fluidic devi Fi 1 | HGF Mitogen, tube morphogenesis,
uidic devices (Eigure 1), parent vessels ;
. .. . branching
were seeded in a fluidic channel adjacent
to a hydrogel that acts as a scaffold for bFGF Mitogen, tube morphogenesis
angiogenic sprouts. In a third channel Tube Maturation VEGF EC maintenance
situated on the other side of the hydro- SIP Tight junction formation, vascular
gel, previously identified critical growth maintenance
factors were supplied to one or all the
events of angiogenesis: endothelial METHODS

cell migration, proliferation, and tube maturation. The
makeup and potency of the growth factor cocktails was
analyzed to determine basal angiogenesis conditions, as
well as cocktails that improve quantifiable sprout metrics
such as maximum sprout length and average sprout di-
ameter. With these results, standard culturing conditions
were established and a quantification pipeline was in-
troduced that can be adopted by other research groups.

@ Hydrogel Channel
@ Fluid Channel

Figure 1. Diagram of a tri-channel microfluidic
device used in these experiments.
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Microfluidic Device Fabrication

Three-channeled microfluidic chips were used
to analyze the effects of various growth factor cock-
tails (GFCs). These microfluidic chips were made of
polydimethylsiloxane (PDMS). To fabricate the chips,
a 10:1 PDMS base to curing agent mixture was made.
This concentration allows for the optimization of
mechanical properties for fluid flow and cell adhesion
to form parent vessels in the device. The mixture was
poured onto a silicon wafer master mold with channel
features of the device. Next, the PDMS was degassed
for 15 minutes and then baked at 70°C for 2 hours to
cure. Cured PDMS slabs were peeled off the wafer and
inlet and outlet ports were punched using 1 mm and 5
mm biopsy punches. Cut slabs and glass microscope
slides were then plasma treated and bonded. Micro-
channels were then coated with 100 pg/mL poly-D-ly-
sine (PDL) for 6 hours in a humidified chamber at
37°C.c PDL facilitates a stronger PDMS-hydrogel bond
that prevents cell slippage during culturing. The devic-
es were subsequently washed with 1X phosphate buffer
solution (PBS) and put into an oven to dry overnight.
The following day, a 2.5 mg/mL fibrin hydrogel was




Table 2. Composition of growth factor cocktails (GFCs). All
growth factors are supplied at a final concentration of 75 ng/
mL, excluding S1P, which has a final concentration of 500 nM.

Immunofluorescence and Network
Quantification

The staining process occurred in three

main steps, each of which was followed by a
wash with 1X PBS. Devices were first fixed with

Cocktail Growth Factors
Control N/A
GFC1 VEGF, S1P, PMA
GFC2 VEGF, S1P, PMA, bFGF
GFC3 VEGF, S1P, PMA, HGF
GFC4 VEGF, S1P, PMA, MCP-1
GFCS VEGF, S1P, PMA, HGF, MCP-1
GFC6 VEGF, S1P, HGF, bFGF, MCP-1
GFC7 VEGF, S1P, PMA, HGF, bFGF, MCP-1

4% paraformaldehyde for 30 min at room tem-
perature and washed. Fixing halts cellular decom-
position and keeps cellular components in place.
Then, the devices were permeabilized with 0.1

% Triton X-100 in 1X PBS for 30 min at room
temperature and washed again. Permeabilization
is required to allow for the staining compounds
to enter the cells. Next, the devices were stained
with rhodamine phalloidin (1:100) and Hoechst
(1:2000) in 3 % BSA in 1X PBS for one hour at
room temperature. Rhodamine phalloidin stains
F-actin in the cell, which is a common protein
found in the cell membrane. Hoechst stains DNA

injected into the middle channel.

Cell Culture

While the devices were being fabricated,
human umbilical vein endothelial cells (HUVECS)
were cultured from cryopreservation. Endothelial Basal
Medium was supplemented with Growth Medium-2
(EGM-2) packs. The EGM-2 allows for cell prolifera-
tion and growth. Once cells reached 80% confluence,
HUVECSs were trypsinized and spun down into a pellet.
Trypsin is an enzyme which breaks down the peptide
anchors attaching the cells to the surface of the contain-
er in which they were being cultured. The pelleted cells
were resuspended in fresh EGM-2 at a concentration of
10 million cells/mL and injected into the left-

found in the nucleus. Stained devices were then
imaged under a microscope by collecting tiled Z-stacks,
which were then orthogonally projected to render a
2D image from the 3D data. Images were analyzed
using REAVER, a previously standardized MATLAB
GUI, which quantifies the total vascularized area, total
vascularized length, mean sprout length, mean sprout
diameter, and maximum sprout length.” To compare
the various groups to each other, Principal Component
Analysis (PCA) was used to reduce the dimensionality
of the data, resulting in two principal component scores
(PC 1 and PC 2); these explain at least 80% of the vari-
ance of the data. PC 1 scores, which explain the most
variance, were normalized and represented as the vas-

most-channel of the previously fabricated chips.
Cells were left at a 90° angle for 30 minutes to
allow cells to attach to the side of the hydro-

gel. After seeding, devices were flushed with
fresh medium and left in a humidified chamber
at 37°C overnight. The following day, growth
factor cocktails (Table 2) were injected into the
rightmost channel to induce angiogenesis. Daily
media changes were performed for the following
two days.

EFFECT ON ANGIOGENESIS...

ADDITIONALLY, THIS
PROJECT FOUND THAT
INCREASING THE
CONCENTRATION OF
BIOCHEMICAL CUES DOES
NOT HAVE A SIGNIFICANT
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Figure 2. Representative and quantitative results of angiogenesis-chips. A-D) Immunofluorescence images of an-
giogenesis-chips showing qualitative differences in sprout length, average sprout diameter, and total vascularized
area. A) Control; B) GFC 2; C) GFC 5; D) GFC 7. E-G) Quantification of angiogenesis-chips. E) Total vascularized area;

F) maximum sprout length, and; G) PC 1 score.

cularization index that describes an optimized vascular
network.® For all results, data is represented as mean +
the standard deviation, and one-way ANOVA was used
to compare all the groups to each other.

RESULTS

In this project, the composition and concentra-
tion of biochemical cues were analyzed. Quantification
of immunofluorescence images showed that the compo-
sition of biochemical cues can be a significant contrib-
utor in angiogenesis (Figure 2). First, controls, which
had culturing medium without supplemental growth
factors (containing 5 ng/mL VEGF and bFGF for EC
maintenance and proliferation), show that some tip
cells migrate into the hydrogel (Figure 2A). Because
there are no additional cells following the tip cells, it
appears that stalk cell proliferation does not occur, thus
showing that angiogenesis is not faithfully recreated
on-chip without growth factor supplementation. When
we increased the concentration of VEGF and bFGF to
75 ng/mL and added 75 ng/mL PMA and 500 nM S1P,
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tip cells migrated followed by a thin trail of stalk cells,
yet tube morphogenesis is not seen. When adding HGF
instead of bFGF, which are two factors responsible for
tube morphogenesis (Table 1), there is no significant
differences in angiogenic sprouting. However, when
adding monocyte chemotactic protein-1 (MCP-1) to
this cocktail, wide sprouts yield a high vascularized
area (Eigure 2C). However, when adding all factors
together (Eigure 2D), the vascularization is decreased,
possibly due to overstimulation.

When quantifying the images of each angio-
genesis-chip after a 3-day culture with the GFCs, we
saw that only GFC 5 had a significant difference com-
pared to the culture in total vascularized area (Figure
2E) and PC 1 score (Eigure 2G). We used these met-
rics as a vascularization index that linearly combines all
quantified metrics into a dimensionless unit. GFC 5 has
a significant difference between the control and three of
the other six GFCs when quantifying maximum sprout
length (Eigure 2F). Because the key difference be-
tween GFC 5 and the other cocktails is the use of MCP-



1 instead of bFGF for tube morphogenesis without
overloading the system, we theorize that MCP-1 plays
a significant role in angiogenesis on-chip. This is also
noted in literature, which suggests that MCP-1 induced
angiogenesis is mediated by MCP-1 induced protein
(MCPIP) and plays a key role in tube formation.®

Based on the results in Eigure 2, the three-best
performing GFCs (4, 5, and 6) were selected as pos-
sible standard cocktails for on-chip angiogenesis and
doubled the concentrations of the biochemical cues
in them to investigate if increasing the concentration
affects angiogenesis. As shown in Figure 3, increasing
the concentrations of biochemical cues does not seem
to affect the scoring of angiogenesis within the same
GFC. Figures 3G-J do not indicate any significant
differences in angiogenesis between different concen-
trations of the same GFCs. This suggests that GFC
composition is more important for angiogenesis than
concentration of biochemical cues within the GFC. In
addition, as seen in the 2x images (Eigure 2), increas-

Nucleus

ing the concentration may overstimulate the migrat-
ing tip cell, causing the migration rate to exceed tube
formation and maturation rates. This inequality in rate
might result in suboptimal angiogenesis as the net-
works are not fully perfusable because the ECs are not
connected to each other.*

CONCLUSION

The purpose of this project was to determine
basal angiogenesis conditions, establish standard cul-
turing procedures, and introduce a scoring method to
quantify angiogenesis in chip devices. This is import-
ant because there is no current standard for modelling
and quantifying angiogenesis, thus limiting the use of
angiogenesis-chips in drug toxicity and efficacy evalu-
ation as well as healthy and pathological tissue model-
ing. In this project, we identified several key biochemi-
cal cues which are essential to inducing angiogenesis in
chip devices. Furthermore, we identified three potential
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Figure 3. Immunofluorescence images and quantification of angiogenesis-chips with 1X and 2X concentration of
GFCs. A-F) immunofluorescence images A) GFC 4 at 1X concentration; B) GFC 4 at 2X concentration; C) GFC 5 at 1X
concentration; D) GFC 5 at 2X concentration; E) GFC 6 at 1X concentration, and; F) GFC 6 at 2X concentration. G-)
Quantified results comparing each of the six immunofluorescence results. G) maximum sprout length; H) total
vascularized area; I) mean segment diameter. Results from G-J were used to develop a normalized PC 1 score to
compare overall vascular network quality between all groups and a control.



WE IDENTIFIED
THREE POTENTIAL
COMBINATIONS OF
BIOCHEMICAL CUES
WHICH COULD BE USED
AS STANDARDS FOR
ANGIOGENESIS.

combinations of biochemical cues which could be used
as standards for angiogenesis. Also, we presented how
PCA can be used as a possible quantitative method to
score angiogenesis and standardize angiogenesis across
research studies. By using PCA, we can combine
multiple variables to reduce dimensionality as opposed
to presenting single network metrics and better analyze
the overall quality of the angiogenic sprouts.

Additionally, this project found that increasing
the concentration of biochemical cues does not have a
significant effect on angiogenesis when compared to
a 1X concentration. This can be an important consid-
eration for projects limited by material availability. In
fact, higher concentrations may overload the biolog-
ical system and lead to suboptimal angiogenesis due
to unequal rates of tube formation, cell migration and
tube cell maturation. Increasing the concentrations of
biochemical cues caused the tip cell migration to occur
much faster than the stalk cells proliferated, resulting in
the separation of tip and stalk cells and the elimination
of stalk cells’ guide to angiogenic factors. Therefore,
it is important to use a concentration which precisely
induces angiogenesis without overwhelming the bio-
logical system.

In conclusion, the findings of this project can
be implemented into future studies mimicking biolog-
ical environments, which include microphysiological
systems and microfluidic technology. Since organs and
tissues are usually highly vascularized in vivo, incorpo-
rating a perfusable endothelium into a model will yield
better biomimetic results in future experiments and will
lead to significant advances in types of studies which
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can implement organ-on-a-chip technology.** Addi-
tionally, pathological tissue models such as cancer-
on-a-chip require angiogenesis to mimic how a tumor
supports itself and subsequent metastasis. Besides the
GFC makeup and potency, the scoring standard for
microvascular self-assembly developed can be imple-
mented in further studies, which require microvascular
networks to have a complete model.
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INTRODUCTION

Obesity is a worldwide epidemic. In the US
alone an estimated 42.4% of the population is con-
sidered obese.! Obesity is caused by excess body fat
accumulated through disproportionate energy intake
as opposed to output. Obesity is associated with an
increased risk of developing type Il diabetes (T2DM),
hypertension, cardiovascular disease, and non-alcoholic
fatty liver disease (NAFLD).>

NAFLD is a common chronic liver disease
affecting 30-40% of men, 15-20% of women, and 70%
of men and women with T2DM. NAFLD is a result of
excess lipid deposition in the liver that can lead to liver
damage and cirrhosis. Factors that can induce NAFLD
are T2DM, age, and obesity. There are no current thera-
pies approved for treatment of NAFLD; thus, there is a
clear need for investigations into possible treatments.

Arginine (Arg) and interferon tau (IFNT)
supplementation are potential therapies for NAFLD
and obesity. Arg is a conditionally essential amino acid
with great biological importance. It is vital for am-
monia detoxification and increased insulin sensitivity,
both of which improve liver function.* IFNT is a type |
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...THERE WERE
INTERESTING
NUMERICAL
DIFFERENCES BETWEEN
THE TREATMENT
GROUPS AND THE
CONTROL GROUP...

interferon that signals pregnancy recognition in rumi-
nants, such as cows and sheep. It has been shown that
IFNT can reduce inflammation because of its ability

to promote immunological tolerance, meaning that

it increases the numbers of anti-inflammatory im-
mune cells.® IFNT targets expression of cytokines and
adipokines in fatty tissues that are pro-inflammatory,
causing IFNT to be anti-inflammatory and giving IFNT
the ability to affect expression of specific genes shown
to decrease white adipose tissue (WAT), and increase
brown adipose tissue (BAT).® BAT expends more ener-
gy to produce heat whereas WAT stores excess energy



as triglycerides. Because BAT consumes more energy
than WAT, increasing the amount of BAT and decreas-
ing WAT, decreases body weight to reduce or prevent

obesity.”

In a previous study by our same lab, IFNT was
orally administered to Zucker Diabetic Fatty (ZDF)
rats, and measured the effects of onset diabetes, ac-
cumulation of WAT and BAT, and reducing obesity.®
Eighteen ZDF rats were assigned to receive either 0, 4,
or 8 ug IFNT/kg body weight per day for eight weeks.
Water consumption was recorded every two days and
food and body weight were recorded weekly. It was
found that oral administration of 8 pug INFT/kg body
weight/day reduced body weight and adiposity, delayed
the onset of diabetes, and increased BAT, while de-
creasing WAT.?

This current study, using the previous study
as a foundation, aimed to determine: 1) whether Arg
alone, IFNT alone, or Arg+IFNT in combination de-
livered orally would have similar results; and 2) how
genes associated with NAFLD were expressed. We
hypothesized that Arg and IFNT, either alone or in tan-
dem, would decrease the expression of genes encoding
for proteins involved in the transport and binding of
fatty acids, decrease body weight, and, therefore, de-
crease the severity of obesity and NAFLD to enhance
the well-being of the ZDF rats.

METHODS

Male Zucker diabetic fatty (ZDF) rats (n=24)
were obtained from Envigo at approximately five
weeks of age. After a three-day acclimation period
to assess basal water consumption, treatments began.
Rats were assigned randomly to one of four treatment
groups: Control-2.55% Alanine; Arg only-1.51% Arg;
IFNT only-8ug IFNT/kg body weight; or Arg and
IFNT in combination-1.51% Arg and 8ug INFT/kg
body weight. Treatments were given via the rats’ drink-
ing water, and water consumption as well as the weight
of the rats were recorded daily. Rats were treated for
nine weeks, after which time they were euthanized.
Body weights of rats were determined and then several
organs were collected for analyses.

We performed quantitative polymerase chain
reaction (qPCR) analyses to determine the expression of
candidate genes and to assess how effectively treatment
with IFNT and/or Arg decreased the expression of genes
associated with fatty acid transport and binding. In this
study, we determined the expression of messenger RNAs
(mRNAS) for fatty acid binding proteins (FABP), fatty
acid transport proteins (FATP), peroxisome prolifera-
tor-activated receptor alpha (PPARA), CD36, a fatty acid
translocase protein, and C-reactive protein (CRP). These
genes have central roles in the transport, binding, and
oxidation of fatty acids in the liver.

Table 1. Body weights of ZDF rats are summarized by treatment for each week of treatment (means (g) + standard
error of the mean)

Treatment | Week1 | Week2 | Week3 | Weekd4 | WeekS5 | Week 6 | Week7 | Week 8 Week 9

Control 148.7+ | 2034+ | 2693+ | 3203+ 391.3 4477+ | 5087+ | 550.0+ 5833+
4.2 5.5 4.6 7.6 +99 11.3 12.8 14.1 17.8

Arg 1504 | 197.81 | 2755+ | 3248% | 384.1 4382+ | 4839+ | 5164+ 5473 %
3.6 +49 4.3 10.7 =43 48 5.9 6.6 8.2

IFNT 1574+ | 2085+ | 273.7+ | 3402+ 396.4 4464+ | 4892+ | 5307+ 567.1 =
33 5.8 53 6.2 +6.5 72 8.2 9.0 8.8

Arg+IFNT | 155.66 | 2052+ | 2699+ | 3219+ 365.5 4064+ | 456.1+ | 4928+ 519.5+
+4.2 47 5.6 6.7 =83 94 8.4 7.9 8.9
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Figure 1. Body weight (kg) changes by treatment, Reproduced by permission of Erin Posey.

RNA was extracted from 30-50 pg of snap-fro-
zen liver samples as described previously.’® Comple-
mentary DNA (cDNA) was synthesized from 1.0 pg
of RNA with SuperScript I11 reverse transcriptase and
oligo (deoxythymidine) primers (Invitrogen, Carlsbad,
CA), as per the manufacturer’s instructions. Quanti-
tative polymerase chain reactions (qPCR) were per-
formed using the ABI prism 7900HT system (Applied
Biosystems, Foster City, CA, United States) with Pow-
er SYBR Green PCR Master Mix (Applied Biosyste-
ms), as specified by the manufacturer to determine the
levels of expression of MRNASs encoded for by genes
of interest. Serial dilutions of pooled cDNA in nucle-
ase-free water ranging from 1:2 to 1:256 were used
as standards. All primer sets used amplified a single
product. Each well contained 10% cDNA, 30% nu-

clease-free water, 10% primer, and 50% SYBR Green
reaction mix in a 10 pl reaction volume. All reactions
were performed at an annealing temperature of 60°C.

ACTB (beta actin) and YWHAZ (tyrosine
3-monooxygenase/tryptophan 5-monooxygenase acti-
vation protein zeta) were utilized as reference genes.
These genes were found to have stable expression by
geNORM V3.5 (Ghent University Hospital, Centre
for Medical Genetics). GenStat (Version 13.1; VSN
International Ltd.) was used to statistically confirm that
the treatments did not affect the expression of ACTB
and YWHAZ, both individually and the mean of the
two reference genes. The level of expression of each of
the candidate mRNAs in the liver samples were quan-
tified using the AACq statistical method. The normality

Table 2. Effects of treatment with arginine (Arg), interferon tau (IFNT) and their combination on amounts of white and
brown adipose tissue (mg, mean+standard error of the means). Reproduced by and with permission of Erin Posey.

Tissue Type Control Arg IFNT Arg+IFENT
White Adipose

Tissue 405 £ 1.15 303 = .27 392 + 1.20 50 £ 0.75
Brown Adipose

Tissue 1.65 £ 0.60 1.90 £ 0.38 1.96 + 0.34 2.49 +0.30
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Figure 2. Effects of Arginine (Arg) and Interferon Tau (IFNT) and their combination on the expression of mRNAs
encoding for proteins involved in fatty acid transport and binding.
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of the distribution of the data was assessed using
the Anderson-Darling test. If a P value of < 0.05
was obtained, then the data were not considered to
have a normal distribution. Log10 transformations
were carried out if necessary to achieve a Gaussian
distribution. Outliers identified by a ROUT outlier
test were excluded.

RESULTS

Treatment of ZDF rats with Arg alone,
IFNT alone, and Arg and IFNT in combination
significantly decreased total body weight when

THIS TREATMENT
COMBINATION HAD
MINIMAL EFFECTS ON THE
EXPRESSION OF GENES
INVOLVED IN FATTY

ACID TRANSPORT AND
BINDING OF FATTY ACIDS
IN THE LIVER.

compared with control rats as shown in Table 1.
Body weight loss using the Arg+IFNT treatment group

compared to the control group was significant (p<0.05).

Body weight loss with the Arg+IFNT group compared
to the Arg only group was also significant (p<0.05).
Table 2 shows that an increase in BAT and a decrease
in WAT was observed for all treatment groups, with the
Arg+IFNT group being the most effective, although
not statistically significant. This result suggests that
treatment with Arg and/or IFNT may be a potential
therapeutic target for the treatment of obesity.

Although differences in the expression of
genes between control and treatment groups were not
statistically significant, there were interesting numer-
ical differences between the treatment groups and the
control group as shown in Eigure 2. For the fatty acid
binding proteins (FABP), expression of FABP1 mRNA
was not different due to treatment, while expression
of FABP4 mRNA decreased in response to the IFNT
only treatment, and expression of FABP5 mRNA was
greater for the Arg only treatment group compared
to the other treatments. For the fatty acid transport
proteins (FATP), FATP2 mRNA expression was numer-
ically greater for all treatment groups compared to the
control group, particularly for the IFNT only treatment
group. FATP5 mRNA expression was greater for the
Arg only and Arg+IFNT groups compared to the ala-
nine supplemented control group and IFNT only group.
The expression of peroxisome proliferator-activated
receptor alpha (PPARA) mRNA increased slightly for
the Arg alone group, but the effect was not statistically
significant. The expression of CD36 mRNA, a fatty
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acid translocase protein, increased in the IFNT only
group, but there was only a slight increase in the Arg
and Arg+IFNT groups, with all instances being insig-
nificant statistically. C-reactive protein (CRP) mRNA
expression increased slightly in all treatment groups,
particularly for the IFNT only group, but those changes
were not statistically significant.

The Arg only group had increased expression
in all genes evaluated as compared to the control group,
suggesting that Arg has an important role in lipid depo-
sition and changes in body mass due to its important
roles in liver function. Treatment with Arg alone tended
to increase FATP5 mRNA expression in the liver which
would increase surface binding of fatty acids on the
cellular membrane. The Arg only treatment also tended
to increase expression of FABP5 mRNA which could
result in less arginase participating in other metabolic
pathways, thus allowing more arginine to be circulat-
ed in the liver,™ perhaps to increase the expression of
PPARA which is the oxidative pathway for metabolism
of fatty acids.*

The IFNT only treatment had the greatest
expression of FATP2, CD36, and CRP mRNAs. The
increase in FATP2 mRNA expression could increase
the transport of fatty acids into the cell. In the liver,
fatty acids that reach the cell membrane are bound by
FABPL1 after which time they are oxidized.

Rats treated with the combination of Arg and
IFNT had modest increases in expression of FABP4,
FATP5, CD36, and CRP mRNAs compared to the con-



matory proteins as compared to the Arg only treat-

T RE AT M E NT o F ZD F ment. Arg+IFNT resulted in the most significant body

weight loss but had the least overall effect on changes

RATS WlTH ARG in MRNA expression compared to the other treatment
ALON E ":NT ALON E groups. More research is needed to fully understand
1) 1)

how the Arg+IFNT treatment resulted in the most sig-

0 R ARG + I F NT I N nificant body weight loss without having a significant

COMBINATION...LED eﬂ"gc;t on expdression of mRN{%s 1.°or Eattﬁl acid binding
and fatty acid transport proteins in the liver.

TO A SIGNIFICANT

D EC REASE | N BO DY Although this experiment has not led to a

definite treatment for obesity and NAFLD, the results

WE'GHT |N ALL are promising and give insight on how best to move
TRE ATM E NT G RO U PS. forward. Future studies are needed to assess the role of

FABPS5 in interactions with arginase in the urea cycle
_ _ to determine if that could play a role in increasing
trol group. Results of this current study have provided  the apundance of Arg in the circulation and therefore

as therapies for the mitigation of NAFLD and obesity. gy,

In this study, the rats treated with Arg+IFNT had the
most effective weight loss among the treatments. How-
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INTRODUCTION

Additive manufacturing (AM) is a pro-
cess that creates an object layer-by-layer in the
3D space from a computer-aided design software.
Over the past few years, the AM industry has
seen rapid expansion and is now used in automo-
tive, nuclear, aerospace, biomedical, and other
industries due to its versatile applications. This
era is called Industry 4.0, or the Fourth Industrial
Revolution.! AM includes processes such as laser
bed powder fusion, 3D printing, directed energy
deposition (DED), and more. DED fuses two
materials together through the method of powder
deposition and laser melting. This research deals with
DED experiments of Molybdenum (Mo) particles fus-
ing onto a titanium alloy, Ti-6Al-4V (Ti64), substrate.
Specifically, I observed the thermal and x-ray imaging
of the fusing between these two metals as shown from
the lab setup in Eigure 1. Monitoring this process
allows for the collection of melt-pool characteristics,
particle velocity, temperature gradients, flow paths, and
other useful phenomena for analysis. The main param-
eters changed throughout the experiments are shown
in Table 1. These changes are important to understand
because they can affect the behavior of the Mo particles
that collide, flow, and fuse with the substrate.> Under-
standing parameter changes is critical to producing
consistent, high-quality parts using the AM process.

(a)
Inside the Chamber

Laser beam —

Figure 1. Directed energy deposition experiment setup with a 520-Watt laser
positioned 90° above the Ti64 substrate. The powder nozzle expels the argon
shielding gas and the Mo particles at an angle that allows all three elements to

collide.?

Infra-Red Imaging (top
down or side view)

X-Ray Imaging

Glassy Carbon
Plates (if used) \ P

X-Ray Beam R

Metallic Powder

Metallic Substrate

Figure 2. Infra-red and X-Ray camera setup at the lab.*

METHODS
MATLAB Conversions

Image processing and analysis necessitates that
the thermal images captured in the lab be converted
from .htc files to .tiff files or tiff images. The thermal
imaging camera was placed above the experiment to
capture a scan of the top layer of the substrate (Fig-
ure 2). Infrared (IR) cameras compressed images into
.htc files and converted them into tiff images with a
128x128 matrix of numbers. Each cell in the matrix
represents one pixel from the camera and the number
for each cell is the temperature detected from the ex-
periment. For every frame of the experiment video, one
tiff image was created, meaning that an 8-millisecond

video is 80 tiff images.

Temperature Plots

After converting files, the temperature gradient
of the substrate surface was analyzed. Experiments
were selected with different
parameters such as laser pow-
er, scan speed, gas pulse, and
wheel pulse (Table 1). These
parameters determined the
temperature, velocity, angle
of deposition, and intensity of
the Mo particles, which in turn
affected the Ti64 adhesion and
microstructure. MATLAB was
used to cycle through each tiff
image and plot cells as graphs

Powder Argon
feeder Eis

Powder particles
flow into nozzle
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Table 1. Experiment Parameters of Directed Energy Deposition Setup.

Experiment Laser Power (W) | Scan Speed (m/s) | Gas Pulse (ms) ‘Wheel Pulse (ms)
1 208 0.1 1,000 0.1
2 312 0.1 400 0.1
3 312 0.1 0 0
4 312 0.1 1,000 0.1
5 a1z 0.1 0 0
6 520 0.2 0 0

of temperature versus time (Eigure 3). An important
note about IR images and the experiment is that each
pixel represents 30 microns. When picking cells based
on the image itself, this factor had to be understood to
translate from picture to matrix to graph. The peaks of
the graph are marked to show how the substrate will
increase in temperature in different fluctuations over
time. Each peak represents a pass from the laser. In this
case, the laser made four side-to-side passes across the
Ti64. The number of passes for each experiment was
considered when deciding how to analyze. To get the
most accurate results, the graph-making process was
done for multiple experiments with different spots from
each sequence of tiff images.

1600

-
X33 X435
Y 1568 Y 1568

1400
1200

y 1000

Temp, C

800

600/ |
400

200

0 2 4 6 8
Time, ms

Figure 3. Temperature vs time of single pixel from
experiment 6 generated with MATLAB.
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3D Contour Plotting and Pixel Intensity

2D graphs can be useful for analysis, but they
only reflect a limited portion of the experiment at a giv-
en time. For this reason, MATLAB plotted a single tiff
image, or layer, on a 3D contour surface plot as shown
in Figure 4. This plot represents a 128x128 matrix of
temperatures captured from a single video frame of the
experiment to show a gradient of temperature along
the substrate. This was done to observe rate of change,
temperature gradient, and how the melt pool around the
laser was affected when passing over.

X-Ray Image Processing

After saving and analyzing graphs of particle
temperature, x-ray images were analyzed. The x-ray
camera shot at 30,000 frames per second (fps) at a
side cross section of the experiment using a third-party
program ImageJ for image processing. ImageJ allows
for measurements, brightness and contrast alterations,
and other post-image analysis techniques on an image
or sequence of images. The first step for the x-ray im-
age data processing was to change the set-scale. Each
pixel is about 1.97 um which had to be calibrated in the
settings for future measurements. After this step, the
contrast of the image needed to be changed to view the
particle and melt-pool definitions using the line func-
tion of ImageJ, which can measure distance-to-scale
on the image. The melt-pool distance was measured
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Figure 4. Surface plot of layer 21, which corresponds to
the time at 2.1 milliseconds from experiment 5 generat-
ed with MATLAB.

at multiple time periods throughout the experiment to
analyze the shape, length, and duration (Eigure 5). Av-
erage size, shape, and height were recorded in an Excel
file for future calculations.

Along with the line function in ImageJ, the el-
lipse tool was used to measure circular objects. Ellipses
have a major and minor axis which describe the length
and height of said object. This can be useful in under-
standing the dimensions of the ellipse and how it can
be changed. Particles were separated into two catego-
ries: in-air and in-substrate. Particles were measured
with the ellipse tool and recorded in an Excel sheet for
calculations afterwards. Recording multiple data points
was extremely important as each particle is not the
same, which is crucial in understanding how and why
they react to different situations.

As the laser makes a pass, it forms a keyhole
which looks like a liquid key inserted into the substrate
but instead of rotating, it travels along the path (Eigure
6). Depending on parameters, such as laser power or
speed, the keyhole can form bubbles of air trapped in
the molten liquid which is known as porosity. To under-
stand porosity, the ellipse tool measured the size of the
bubbles formed in the experiments (Eigure 6). Since
each experiment had different porosity percentages, the
number of frames was divided into four increments to
acquire a better average of measurements. The average
number of bubbles over a certain time frame was also
recorded to understand how porosity changed with
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parameters of the experiment.

RESULTS

Pixel and Temperature Analysis

Analysis of temperature versus time graphs
found that post-peak slopes from experiments with
lower laser power exhibit a faster decrease in tempera-
ture. That is, the slopes on lower laser power are more
expanded and shorter than those of higher laser power
slopes. The second observation from these graphs is
that with each pass of the laser, the material reaches a
higher temperature. This is observed numerically with
the text box placed at the peak of each pass as well as
visually with the positive slope in between. The peaks
shown in Figure 3 reached temperatures of 1507°C,
1547°C, 1568°C, and 1568°C for each pass, respective-
ly. One reason for this occurrence is that the material
reached a high temperature with the first pass, cooled
slightly, then was reheated from a new position. When
comparing multiple graphs of single cells to each other,
it was shown that as the powder flow decreases, the
cooling rate decreases. This is represented by the slopes
of the graphs either being compressed or expanded
depending on the powder flow.

Contour Plot Analysis

For better analysis of the tiff matrix, multiple
surface contour plots were compared to each other. The
comparison included plots at the same time as each

AMIDST THE INCREASED
USE OF ADDITIVE
MANUFACTURING,
ITIS CRUCIAL TO
UNDERSTAND HOW
MATERIALS COMBINE
EFFICIENTLY THROUGH
DIFFERENT PROCESSES.
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Figure 5. Melt-pool measurements from experiment 3
using Imagej.

other, different times, and based on their respective
experimental parameters. The color gradient in Figure
4 indicates the temperature of the layer ranging from
purple being around 512°C to red which was around
1,600°C. A surface plot is integral to observing how the
area of pixels that represent the melt pool is affected

by the surrounding molten liquid. Eigure 3 had a slope
of 2,577.5°C/ms heating up and -2,168°C/ms cooling
down, which was found by dividing temperature by
time with differentiation to analyzing how fast each
part of the slope is changing. Along with the color shift,
contour plots also allow for visual aid in vector lines.
These vector lines appear stretched when increasing
significantly, as observed on the slope from the laser

(Eigure 4).

Figure 6. Keyhole and porosity markings from experi-
ment 2 using ImageJ.

Melt Pool Characteristics

When analyzing melt-pools, there are a few
phenomenon that must be accounted for. The first is
that as laser power increases, the melt-pool increases.
Experiment one had a melt-pool size of 577 um while
experiment five had a max melt pool of 837 pm. The
laser power for these experiments was 208 W and 312
W, respectively. This shows that not only does the tem-
perature cause the melt-pool to have a larger width, but
also a greater depth.

Number of particles present in the melt-pool
is also a determining factor for melt-pool character-
istics. Particles melting or not melting influences the
melt-pool size as it will take more heat per time to

THE PEAK TEMPERATURES
FROM THE GENERATED
CONTOUR PLOT ALLOW
SUBSTRATE AROUND THE

MOLTEN METAL REACTS.

OBSERVATION OF HOW THE

CONCENTRATED LASER AND

break down. This is evident in experiments
one and two with gas pulses of 1,000 ms and
400 ms, respectively. Since experiment one
had a higher gas pulse along with lesser laser
power, more particles were mixing in the
substrate, but not melting. Experiment two
had a higher laser power and lesser gas pulse,
resulting in a decrease in un-melted particles
in the melt-pool. This proves that as gas pulse
increases, the likelihood of un-melted parti-
cles will increase, causing a buildup of solid
material.




Figure 7. Porosity and un-melted Mo particles repre-
sentation from experiment 3 using Image/.

Porosity Analysis

Increasing the laser power not only results in
larger melt-pools but also affects porosity. A higher
laser power means hotter temperatures, more power-
ful focus, and a larger keyhole.® These three attributes
contribute to the creation of bubbles in the metal. Since
molten flow is uneven, certain areas get mixed poorly,
causing pockets of air to become trapped. Looking at
experiments one, two, and three, the average number
of bubbles was 0.25, 14.5, and 17.75, respectively. The
average area of those bubbles was 0.000258, 0.005172,
and 0.004859 mm?, respectively. Not only does an
increase in laser power raise the average size of the
pores, but decreasing the gas pulse leads to an increase
in porosity percentage in the substrate. Another factor
of porosity is laser absorption.® A certain percentage of
particles will travel directly into the melt-pool, while
others will collide mid-air with the laser. If the latter
occurs, the number of particles melting due to the offset
of distributed heat from the laser decreases. This is rep-
resented by the dark circles being un-melted particles
and the grey spots as the bubbles (Eigure 7).

Another useful technique in analyzing melt-
pools for DED is pixel intensity. Pixel intensity is
the brightness of a pixel in an image and is generally
plotted on histograms which show how many pixels
are at a given intensity level in an image. The x-axis
ranges from 0 to 255, where 255 is white. Plotting pixel
intensity will show the relative size of a melt-pool.
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Figure 8. Pixel intensities of experiments one (top left),
three (top right), two (bottom left), and six (bottom
right) generated using MATLAB.

This is determined from the substrate and particles
having around the same, dark-value brightness. Liquid
metal will appear brighter in these images, which will
be present in the graph. Pixel intensity was performed
on experiments one, two, three, and five. Each experi-
ment had differing parameters, which is why they were
specifically chosen to analyze. Melt pool size increased
with temperature, as shown from the graphs of pixel

intensities (Eigure 8).

CONCLUSIONS

Amidst the increased use of additive manufac-
turing, it is crucial to understand how materials com-
bine efficiently through different processes. Laser-based
directed energy deposition requires understanding the
characteristics of materials and their microstructure
before, during, and after the experiment. This research
presents evidence that the characteristics of a melt-
pool are influenced by the parameters of the laser and
particles. A higher laser power means faster and more
efficient melting. However, it also leads to a larger
melt-pool as well as higher chance to generate poros-
ity in the metal. This understanding is important as it
allows for manipulation of the melt-pool by changing
the parameters of the experiment. With pixel intensity,
it was observed that a larger melt-pool is present with a
higher laser power due to the number of pixels within
a certain brightness range. Increase in powder flow
also generates plots of higher temperature due to the
increase in solid and molten particles in the substrate.



INDUSTRY 4.0 IS HERE, AND
A BETTER UNDERSTANDING
OF THE DED PROCESS WILL
ENABLE NEW, STRONGER
MATERIALS TO BE
FABRICATED WITH ADDITIVE
MANUFACTURING.

The peak temperatures from the generated contour
plot allow observation of how the substrate around the
concentrated laser and molten metal reacts.
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INTRODUCTION

Substance use disorder (SUD), which
includes opioid use disorder (OUD), is a
public health crisis that has been magnified
by the global pandemic due to social dis-
tancing policies increasing the likelihood of
deaths from overdoses.' The most common
reason people seek medical care is related to
pain, and opioids are one of the most widely
prescribed classes of drugs in America.? Due

MISUSE COMPARED TO THEIR

RURAL US RESIDENTS AND
COMMUNITIES SUFFER
A DISPROPORTIONATE
BURDEN FROM OPIOID

URBAN COUNTERPARTS.

to the high frequency of prescribed opioids,

there was an inevitable upsurge in the use and abuse

of prescription and illicit opioids termed “The Opioid
Epidemic," which resulted in a staggering number of
opioid-related fatalities in the United States. Prescrip-
tion for opioid analgesics quadrupled in the United
States between 1999 and 2010, with a sharp increase

in deaths due to opioid misuse and a similar trend for
prescription opioid deaths over the same period.® In
2016, over 63,000 Americans died of a drug overdose,
primarily involving an opioid, while 2.1 million people
suffered from an OUD.* In 2017, the opioid crisis was
declared a nationwide public health emergency.® Provi-
sional data indicates that more than 81,000 Americans
died from a drug overdose between June 2019 and May
2020, which is the largest number of drug overdose
deaths recorded in the United States.®

Rural US residents and communities suffer

Nursing led a team to complete a strategic plan directed
toward the assessment and prevention of SUD/OUD
by establishing a community consortium in the rural
coastal bend of Texas known as the Golden Crescent
(Eigure 1). This 200,000-resident region of seven
counties is predominantly rural.® Funded by a one-year
federal planning grant, the multidisciplinary team spent
a year formalizing partnerships with local stakehold-
ers, and formally investigating the inequities in SUD
treatment in the Golden Crescent. The community con-
sortium affirmed that rural communities in the Golden
Crescent face numerous challenges in providing and
accessing SUD services. The consortium created a

plan to improve access to services and care for preven-
tion, treatment, and recovery with the aim of reducing
opioid mortality and morbidity rates in the community.
Subsequent grant funding was pursued to address the

a disproportionate burden from opioid misuse
compared to their urban counterparts.” This is
primarily due to the lack of resources within rural
communities that are essential to combat this
crisis. SUD is a complex and multifaceted public
health issue, which requires community buy-in for
prevention, treatment, and recovery strategies to be
effective.® The proposed solution to SUD is a com-
munity-driven solution referred to as the Recovery

Oriented System of Care (ROSC) to address SUD/ | .

OUD despite the challenges brought by the global
pandemic, such as shifting to virtual lunches, vid-

eo conferencing, and an online presence. e

From the fall of 2019 through the fall
of 2020, the Texas A&M University College of

Rural: ===
Partially rural: =====

Figure 1. Map of Golden Crescent Counties in Texas.
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inequities in access and delivery of SUD services in the
Golden Crescent.

As with the rest of the nation responding to
COVID-19 threats, our consortium members spent
much of the spring of 2020 “sheltering in place.” Some
of our consortium members noted the following bene-
fits with the use of telehealth: resources and informa-
tion for telehealth regarding SUD/OUD were quickly
distributed and shared among consortium members
as it became available, and quick access of multiple
forms of educational materials, webinars, and contact
points were provided directly from our national fund-
ing agency. This early success in communication and
collaboration set the stage for future accomplishments.
During this time, two federal grant applications were
submitted to request funds to implement activities to
address SUD/OUD in the Golden Crescent. The pro-
posals detailed adaptations to the original consortium
plan due to the pandemic and activities were limited to
those without direct physical contact.

Both funding mechanisms were awarded, and
in September of 2020, work began that allowed the
established consortium and other collaborating part-
ners in the Golden Crescent to move forward with the
long-term goal of reducing SUD/OUD morbidity and
mortality by improving prevention, treatment, and/or
recovery services. One project is focused on increasing
awareness of SUD/OUD and the associated stigma
of seeking help: providing SUD/OUD resources for
prevention, treatment, and recovery while developing
a peer recovery support specialist program. The other
project aims to increase recovery capital to support
pregnant women, mothers, women of childbearing age,
children, families, and caregivers who are affected by
SUD/OUD.

With sustainability in mind for the community
after the funding period ends, both projects depend on
the expansion of the existing consortium to a self-sus-
taining Recovery Oriented System of Care (ROSC) as
a community network to coordinate and support SUD/
OUD activities. The ROSC is a community-driven
framework chosen as the central methodology of the
grant projects. The ROSC recognizes recovery in the
context of health and wellness for a community while
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focusing on services that are person-centered, strength-
based, trauma-informed, inclusive of family, individ-
ualized and comprehensive, connected to the com-
munity, outcome-driven, and evidence-based. While
there are ROSCs in neighboring regions of Texas, hone
serve the Golden Crescent area. Creating an ROSC in
the Golden Crescent fills this significant gap. In the
planned process of improving SUD/OUD prevention,
treatment, and recovery services, a key activity in the
initial six months of funding was the development of
an ROSC. This foundational activity has been met with
increased challenges amid the global pandemic.

RECOVERY ORIENTED SYSTEM
OF CARE DEVELOPMENT

An ROSC is a coordinated community net-
work of services and support for SUD/OUD activities
that work to achieve abstinence from opioids and to
improve health in the Golden Crescent. The ROSC
model is designed to build upon the strengths of the
individuals, families, and communities to take charge
for sustained health, wellness, and recovery from SUDs
which inevitably improves the quality of life.X® The de-
velopment of recovery-oriented care is a vital approach
to combat opioid abuse, misuse, and overdose.* An
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Figure 2. Proposed Golden Crescent Recovery Ori-
ented System of Care (ROSC) Membership.



ROSC tries to capture
the key components
of personal, social,
and community
recovery capital and
to translate this into a
summary of recovery
strengths and barriers
to improved health

THE RECENT SUCCESS OF THE
GOLDEN CRESCENT ROSC
HAS BEEN THE BUILDING OF
RELATIONSHIPS.

sortium dedicated to
expanding the capaci-
ty of the rural com-
munities to address
substance abuse,
specifically OUD, and
its tragic side effects.
Local advertising has
grown the consortium

that can be used to

support the ongoing recovery pathway and journey. The
Golden Crescent ROSC is currently working to extend
and augment the existing consortium with formal and
informal networks and collaborations between organi-
zations and agencies to implement the planned activi-
ties. These activities include care coordination, commu-
nity education, peer recovery, and provider training.

Building the ROSC has taken time and com-
mitment. During the pandemic, the ROSC has been
challenged with learning to utilize videoconferencing
tools and hosting virtual meetings, in an already tech-
nologically taxed region in rural Texas. The outcome
has been increased collaboration and focus on the goals
of increasing resources for prevention, treatment, and
recovery for those with SUD. In October of 2020, the
consortium was gathered via videoconferencing for an
open discussion with immediate plans to move forward
with ROSC development. The next month, a two-hour
ROSC training for the consortium was hosted by the
Statewide Opioid Coordinator of Texas with presen-
tations by ROSC coordinators in adjacent areas. By
December, a handful of stakeholders met over a virtual
lunch to define plans for regularly scheduled meetings
with educational activities and community workgroups.
Since the beginning of 2021, the Golden Crescent
ROSC has met on the second Wednesday of each
month through video conferencing. The 45-minute vir-
tual meetings include community updates on activities
of the funded projects and a 15-20 minute presentation
on a SUD/OUD topic followed by discussion. The vir-
tual meetings allow attendance and convenience from
across the Golden Crescent without a need for travel.

The recent success of the Golden Crescent
ROSC has been the building of relationships. Existing
partnerships have been leveraged to establish a con-
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and ROSC meetings
to almost 40 engaged stakeholders. We are currently
attracting a variety of consortium members such as
healthcare providers, social workers, community advo-
cates and volunteers, substance use treatment providers,
emergency services personnel (i.e. fire and prehospital
emergency responders), investigators for child protec-
tive services, hospital and health clinic administrators,
community health workers, law enforcement, and
members of the recovery community as outlined in our
proposed ROSC membership (Eigure 2).

The immediate impact of the first few monthly
ROSC meetings involved education on reducing stigma
associated with SUD. Unintentional use of stigmatiz-
ing language was noted by first responders, health care
providers, community members, and various stakehold-
ers during the planning phase of the grant. The ROSC
identified the need to address stigma and built this
priority into the education component of each meeting.
A virtual community town hall organized by the ROSC
included a speaker from the recovery community to
address stigma, language, and to witness the successes
and challenges faced by those with SUD. Partnership
with our own Texas A&M Opioid Taskforce for train-
ings and Naloxone kit distributions provided Opioid
Overdose Education and Naloxone Administration
(OENA), a 90-minute standardized intensive training
to educate the community on opioid abuse and nalox-
one administration, which includes an introduction to
non-stigmatizing language and naloxone rescue Kit dis-
tribution. Adaptations have been made to accommodate
virtual education sessions of the OENA.

A committed community coalition of stake-
holders to address prevention, treatment, recovery,
workforce needs, and existing gaps in SUD/OUD
resources noted during the planning grant has been



solidified. The consortium has grown in momentum as
well as in affiliations to a functioning ROSC. With time
and continued collaboration, the ROSC will be a sub-
stantial network of resources for the Golden Crescent.
The work together has shown that SUD/OUD is an im-
portant health issue and additional training is needed to
promote community preparedness. Priority workforce
and sustainability plans for education, training, and
awareness are in progress for meeting immediate and
future needs. In some ways, the COVID-19 pandemic
has facilitated growth of the consortium through forced
use of technology to collaborate. Video conferencing
has facilitated growth and engagement. As momentum
grows, the planning of what could happen is more
solidified. The impact to the consortium in assessment,
planning, and collaboration is powerful as we are mov-
ing forward from planning to implementation.

DISCUSSION

We aimed to develop an ROSC in the primarily
rural Golden Crescent of Texas. We have succeeded in
developing a Golden Crescent ROSC as a value-driv-
en approach to structuring behavioral health systems
and a network of clinical and non-clinical services and
support. The ROSC aims to recognize recovery in the
context of community health and wellness, focusing
on services that are person-centered, individualized,
strength-based, trauma-informed, inclusive of family,
comprehensive, outcome-driven, and evidence-based.

Significant findings from the in-depth com-
munity assessment pointed to humerous challenges in
providing and accessing any services for SUD. These
challenges have been heightened with the COVID-19
pandemic. However, rapid adaptations in consideration
of the pandemic resulted in the progress of a resilient
community consortium in building an ROSC in the
Golden Crescent of Texas.

The key to our success has been a focus on
relationships. Over the year-long planning period we
engaged in monthly conference calls, produced news-
letters, co-hosted town hall meetings, conducted online
surveys, and met with multiple stakeholder groups
for interviews and discussions. We listen, share, and
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engage in dialogue pertinent to the community’s needs.
This engagement is our greatest accomplishment and
will lead to implementation success.

The next steps include a robust media cam-
paign to introduce and engage the community and
recruit a diverse group of stakeholders (Eigure 2) to the
ROSC. Support and guidance will be sought through
consultation with regional ROSC facilitators in adja-
cent communities identified through Texas Health and
Human Services. The ROSC will seek natural part-
nerships with county and state agencies as it begins to
meet regularly and build momentum. Momentum has
been established to strengthen and expand SUD/OUD
prevention, treatment, and recovery services to enhance
the rural communities’ ability to access treatment and
move towards recovery.
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INTRODUCTION

Antibiotic resistance has negative impacts
since it decreases the effectiveness of antibiotics,
and they no longer stop an infection caused by bac-
teria. Antibiotics are introduced into an environment
through animal waste and other sources, which give
rise to antibiotic resistant bacteria strains.! Since many
animals are treated with antibiotics, their environment
will usually have contact with these antibiotics too.
With a given exposure of antibiotics comes a resistance
to them, which is how the soil these animals interact
with will contain antibiotic resistant genes. It has been
observed that when the levels of antibiotics increase,
the antibiotic-resistant bacteria and genes increase as
well which leads to a greater risk of exposure to this
bacteria when people work consistently with soils that
are being treated with antibiotics.> Human contact with
antibiotic-resistant bacteria in the environment can lead
to infection.? Soils contaminated with antibiotics have
been recognized as a threat for those working in the
agricultural sector. Although there has been some re-
search in antibiotic resistant genes there are few studies
on soils, especially those using quantitative polymerase
chain reaction (qPCR) or even digital droplet poly-
merase chain reaction (ddPCR). We hypothesized that
with a defined concentration of antibiotics introduced
to the soil there will be an increase in the resistance
genes observed throughout a period, which can be de-
termined through the quantification of specific antibiot-
ic-resistant genes (ARG) in soils. Our work will aid in
the work being done in this field, since we will be able
to report problems we encountered and how we decid-
ed to troubleshoot.

METHODS

Sampling and experimental settings

Soils were collected from the Howdy Farm,
placed in sterile containers and stored at 4 °C. Soils
were exposed to the antibiotics Tetracycline (TC) and
Sulfamethazine (SMZ) in experimental soil micro-
cosms. Each microcosm, a small version of the original
environment, consisted of glass vials containing soil
plus the antibiotic. SMZ and TC were selected for the
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SOILS CONTAMINATED
WITH ANTIBIOTICS
HAVE BEEN RECOGNIZED
AS A THREAT FOR THOSE
WORKING IN THE
AGRICULTURAL SECTOR.

exposure experiments because they are commonly used
in livestock facilities. The antibiotics given to live-
stock are found in the soil of these facilities through
the animals' feces. Soil samples were obtained from
the microcosms at day 0, 4, 6, 16, 35 and 56. DNA was
extracted from the samples and tested for the presence
and concentration of sul2, an antibiotic-resistant gene
resistant to the antibiotic sulfonamide. It has been es-
tablished that long-term use of an antibiotic will cause
bacteria to develop resistance to not only that antibiot-
ic, but to other antibiotics not associated with it, which
is why we tested for sul2 in samples that were treated
with TC (not related) and SMZ (related).*

Real-time q-PCR of ARG in Soils

PCR is used to amplify DNA segments. Con-
ventional PCR includes three temperature stages. The
first is denaturing, where the DNA separates into two
single strands due to the heat, which is 98°C for 2 min-
utes. The second is annealing where the primers attach
to the DNA due to the decrease in temperature, 60°C,
for 0.50 minutes. The third is extension, where the Taq
polymerase enzyme makes new DNA strands due to
the increase in temperature to 72°C for 2 minutes. The
three stages are repeated for several cycles to achieve
observable amplification of the DNA segment. The
presence of the DNA segment is measured at the end.*

The main difference between PCR and qPCR is
in the quantification of the resistance gene. In qPCR the
fluorescence is measured at each amplification cycle.
The fluorescence depends on how many copies of the
gene are obtained. Since the dye binds to the DNA,
the fluorescence will be detected proportionally to the



amount of amplified DNA.¢ gPCR helps determine

the concentration of the DNA segment specific to the
antibiotic resistance gene sul2 by setting up controls
(or standards) with a range of known sul2, determining
the cycle at which those concentrations produce fluo-
rescence and comparing the cycle at which unknown
samples produces fluorescence to the standards as seen
in Figure 1. Since the standards are E. coli with the
sul2 amplicon (191bp) cloned we already know their
concentration (copy gene/ uL).

Quantification of the target resistant genes was
done by qPCR in a LightCycler®96 System, the qPCR
machine where reactions take place. Each qPCR reac-
tion was conducted using PowerUp SYBR Master Mix
[2X], template DNA from the samples and sul2 forward
and reverse primers in a final volume of 10 pL as seen
in Table 1. The primers used were previously reported.’

A total of 30 DNA soil samples were tested
using a combination of six samples from the experi-
ment with added TC, 12 samples with added SMZ, and
12 samples with no antibiotic added over the 56 days.

Table 1. Volume for the components in a qPCR for one
10uL reaction . The PCR mix volume is 9uL for a subse-
quent sample input of 1uL/reaction. These components
are needed in order for the DNA amplification to take
place during the 3-step-amplification.

Component Volume (10 pL/ well)
Nuclease-Free Water 3.6

PowerUp SYBR 5

Master Mix [2X]

Forward primer 0.2

Reverse primer 0.2

DNA template 1

Only six samples with added TC were used, because
not all of the samples needed to be tested in order to
find a correlation with this antibiotic and sul2. For the
soil treated with SMZ and no antibiotic, samples of
each time interval were tested to quantify the concen-
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tration of sul2 over time. For the soil treated with TC,
samples of only three interval times (TO, T2, T5) were
tested to see if there was a selection for bacteria that are
resistant to several other antibiotics.

For each reaction, triplicates of the standards
were included. Triplicates are important to see if the
reaction can be replicated in the same environment and
obtain similar results. Standards included serial 10-fold
dilutions of the original strain from 1:1000 through
1:1000000, a negative sample without DNA, and the
DNA extracted from soil samples. One pL of DNA
and 9 pL of master mix was pipetted into each well.
The temperature profile of the reaction in the LightCy-
cler®96 System had conditions shown in Table 2.

During troubleshooting, cross contamination
was an issue with the negative controls (the negative
sample without DNA). Reactions were done under a
clean bench to have a clean and sterilized environment;
however, contamination in the non-template con-
trols persisted. Although there was amplification, the
threshold cycle (Ct) was higher than the most diluted
standard. A limit of detection (LOD) was established
to identify the lowest concentration of resistance genes
that will be detected. If a sample had triplicates where
two out of the three were negative or the Ct values low-
er than those of the negative controls, then they were
defined as below the limit of detection (LOD) or nega-
tive. This means that although we would get positives
in the negative controls if samples were below the set
limit of detection, they will be considered negative for
this experiment. This procedure was similar in a previ-
ous publication by Devarajan.? The absolute quantifica-
tion settings in the LightCycler®96 System’s program
were set to a minimal end point fluorescence (EPF) to
0.2, which is appropriate for the dye used (PowerUp
SYBR Master Mix).

Q-PCR standard curves and quantifica-
tion

The log copy number of genes per uL DNA
template solution for the calibration curve and the copy
of genes/ gram of sediment were calculated using the
previously published equation.” In this equation, when
b is Avogadro’s constant (6.022%10"23 mol ), c is the



Table 2. Profile for LightCycler® 96 Application software . The experiment run parameters have the following
temperature profile for the heating and cooling cycles in order to achieve the 3-step-amplification of denaturing,
annealing, and extension in order to amplify DNA segments. During the denaturing cycle the temperature needs to
increase in order to separate the DNA into two single strands. Then, the temperature decreases during the anneal-
ing cycle in order for the primers to attach and finally for the extension cycle the Taq polymerase enzyme makes
new DNA strands due to the increase in temperature.

Programs Steps
Name Number of cycles Duration (s) | Target (°C) | Acquisition Mode
Preincubation 1 120 50 None
Preincubation 1 120 95 None
3-step amplification 40 15 95 None

15 60 Single

60 72 None
Melting 1 15 95 None

60 60 None

15 95 Continuous 7

readings/ °C

concentration of the target DNA (0.000322 (pg)/(uL)),
L is the length of template containing the target gene
(0.191kb), a is the weight of kb DNA per pmol (0.66
(1g)/pmol). The result of this equation with the data
filled in from the experiment results in the copy gene/
puL DNA which is used for the calibration curve of the
samples.

Fniatinn 1

(copy gene) {6.022x|023mof}(0.000322ﬁf_)
HLDNA —

= 1021870 _ 9
(0.191kB)(0.66-25,)(10'%) =9.18701—10 =1.53%10

RESULTS

The DNA concentration found for the samples
are shown in Eigure 2. The detection limit for each
gene was determined by the standard that was most
diluted and a Ct value was still defined. We defined
the concentration in the samples under the orange line
seen on Figure 2 to be negative, since they were below
the limit of detection (LOD). Although fluorescence
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occurred, meaning that the sample has a concentration
of ARG, it is too low to quantify. In Figure 2, TC cor-
responds to the samples with the antibiotic TC added to
the soil, SMZ to the samples with SMZ added, and C-0
are the samples with no antibiotics added. Resistance to
sulfonamides (sul2) for TC was not observed for times
Oa, 2a, and 5b; however, it was detected for all samples
in SMZ and C-0. Additionally, we found that the results
of the samples with no antibiotic added were like those
with SMZ.

The error bars in the bar graphs (Eigure 2)
were calculated by the difference between the average
of the triplicates minus the lowest concentration for the
negative error and the difference between the maximum
concentration and the average of the triplicates for the
positive error.

CONCLUSION

Although the findings are preliminary, results
show that the introduction of antibiotics in soils may



Part A Part B Part C

DNA soil samples

Soil samples from HOWDY ONA extractionsat 70, 1, 2,

farms in sterile container 3,45

»

800

Total of 30

s T 0 = 0 days
e 71 = & days
e 72 By
e T 3 = 16 days

e—— T 4 = 35 days

by | 5 = 56 darys
— T0=0dyys

foud et 3 Gt S

-

B-SMZ-C1

ey T'1 = & diys

iy T2 8 diys

il * 16.days

s 35dws

Sod wnth Sofometharne (ML) ont ety = 56 days

v

=

8¢ il

—_—

v
-

= 56 duys

Sl with Tetrorpcha (TC) antdwotec

[

BICC-100a

Part D Part E

qPCR well plate Amplification Curves

Figure 1. Overview of experiment. In part A of the figure are the sterile containers with the soils that were collected.
In part B the DNA was extracted at different times from each container. In part C two samples were taken from the
extractions of one time. For each DNA soil sample in the qgPCR reaction triplicates were pipetted in the well plate
as well as standards and non-template controls as seen in part D. After the gPCR reaction, we obtain amplification
curves as seen in part E where we are then able to determine the concentration of the genes. Image of well plate
by Brooks Life Science.9 Image of microcentrifuge tube by ThermoFisher Scientific.10 Image of sterile container by
Kimble Kontes.™

[

& & F. & &
L ¥ ¥ v L v

enay

SMZ

£000+0) 2
1506503
MO0l . 000ve3
1300003 I 150003
2000+21 = 2006403
1300+63 1 I ] 1500083
100003 I I I — L00gee3
3 006402 l l 002

0001400

PEIIPP PP FILPPIE

C-0

\\\\\\\\\\\\\\\\\\\\\\\\\\\

Figure 2. Results of microcosms using Howdy Farm soil.

influence antibiotic-resistance development. However,
we must conduct more tests under differing conditions.
If a positive correlation is observed in further studies,
results would be especially concerning for agricultural
workers who work with soils. Future directions for the
progress of this experiment are to test the samples in

a digital droplet PCR to compare quantification of the
antibiotic-resistance gene sul2 in the soil samples using
two different technologies. For improvements of this
experiment getting the cross contamination to a mini-
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mum would help in determining a more accurate limit
of detection. Another limitation of this experiment is
the number of antibiotic resistant genes being used. In
the continuation of this experiment more ARG’s will be
tested against the soil samples. A point of interest could
be to examine the soil type (sandy, muddy;, etc.) and see
if there is some correlation with the DNA concentra-
tion.
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Aspartame (APM) is a widely used sugar sub-
stitute in many foods, beverages, and medications. It is
most notably found in popular zero calorie drinks such
as diet sodas. The sweetener is known to be harmful
in large doses, but the effect of low doses of APM
found in commonly consumed foods and beverages is
less studied. To quantify the potential adverse effects
of low-dose APM, a better method of investigation is
needed to closely observe blood vessels over consecu-
tive days.

APM affects the endothelial cell lining in the
interior portion of blood vessels. Endothelial cells
secrete nitric oxide through endothelial nitric oxide
synthase (eNOS) to dilate blood vessels and increase
blood flow. APM is immediately catabolized into three
metabolites in the small intestine in mammals: 50%
phenylalanine, 40% aspartic acid, and 10% methanol.
APM metabolites downregulate eNOS function in high
doses, decreasing the amount of nitric oxide available
to dilate blood vessels.! APM is also potentially dan-
gerous because it increases mitosis in endothelial cells
which remodels the vasculature.? Microvascular tone,
growth, and remodeling regulate endothelial shear
stress, defined as the force of flow tangential to the wall
of the blood vessel, in responses to changes in blood
flow.> APM increases vascular endothelial growth
factor (VEGF) release,* causing large elastic arteries
to adapt to changes in blood flow through the modu-
lation of vascular tone.>® Although APM is known to
be harmful in high doses, it is important to investigate
APM’s effect in lower doses common to human con-
sumption. APM increases endothelial cell proliferation
in vessels that elongate to relieve stress, rapidly es-
tablishing new blood vessels.” This abnormally rapid
microvascular network development rapidly increases
blood flow.

Conventional animal models used to evaluate
subtle changes in microvascular radii and tone have
severe limitations. Most animal models require multi-
ple surgeries and vessel removal for observation. These
surgical interventions require anesthesia which ma-
nipulates blood vessel radius, flow, and vascular tone.
Additionally, it is difficult to monitor small vessels in
conventional animal models. Shear stress increases
during surgery which may cause vessel constriction or
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...A BETTER METHOD
OF INVESTIGATION IS
NEEDED TO CLOSELY
OBSERVE BLOOD
VESSELS OVER
CONSECUTIVE DAYS.

complete blockage of the vessel. Post-surgical inflam-
mation alters vessel size by causing some vessels to
dilate and some vessels to constrict, artificially result-
ing in zero net change.® Conventional animal models
are also difficult to manage when they depend on the
subject remaining compliant.’

An alternative animal model explored in this
experiment is the Chick Chorioallantoic Membrane
(CAM) model using in-vitro chicken eggs. With
minimal manipulation, the CAM model allows mea-
surement of both acute and chronic changes in micro-
vascular radii in response to changes in blood flow over
consecutive days. The easily accessible and extensive
microvascular network in the CAM model is shown in

Figure 1. Microvasculature of the Chick Chorioallantoic
Membrane (CAM) model.

Figure 1. In vitro chicken eggs have a high offspring
yield, short generation time, and are inexpensive.

The CAM model is useful for studying shear
stress and microvascular tone because the avian ge-



nome is homologous to the human genome.
The CAM vasculature is constantly devel-
oping and changing, so significant changes

in microvascular radii, flow, and tone can be
measured in a short period of time. Vessel
adaptation can be observed through rapid
changes in flow in the CAM. The purpose of

Syringe/
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the present work is to investigate the most effi-
cient methods for injection into and incubation
of the CAM to compare the CAM model’s

viability to conventional animal models. A Yolk
viable CAM preparation method will help
determine the effects of low-dose APM on

endothelial cell progression in the future. Chick
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METHODS o

Fertilized White Leghorn chicken
eggs were obtained from the Texas A&M
University Poultry Science Department. Figure 3. Injection technique using the venting preparation
Before intervention, the eggs were placed in method.
an incubator at 37.7°C and 40 + 1% humidity. horizontally to completely remove the embryo, and
The incubator automatically rotated the eggs to mini- the egg was placed on a sterilized strip of parafilm
mize adherence between the CAM and the inner shell Suspended over a water bath. The entire apparatus
membrane. Eggs were removed from the incubator and  containing the water bath and suspended embryo was
sterilized with chlorhexidine, ethanol, and iodine, re- then covered with sterilized parafilm and the embryo

spectively, to eliminate bacterial contamination on the  was observed over consecutive days. In the venting
outside of the shell. Eggs were divided into control and  preparation method, the yolk was located within each
experimental groups. egg using a Novaflex fiber optic illuminator to position
them for proper injection. A 1 mm hole was created in
the shell of the egg superior to the yolk using twee-
zers without breaking the membrane and the hole was
covered by parafilm to maintain a sterile environment
as the embryo grew.

To examine the most efficient method of injec-
tion into the CAM model, three methods of preparation
were considered as shown in Figure 2: windowing,
hammocking, and venting. In the windowing prepa-
ration method, a 2.5 cm hole was created in the shell

of the egg superior to the yolk using tweezers. The To clearly examine development of the vascu-

hole was then covered by sterilized parafilm. In the lature, a bright Trypan Blue solution was injected into
hammaocking method, the shell of the egg was cracked

Windowing - A 2.5 em hole was Hammocking - The shell of the Venting - A small hole was

created in the top of the egg epg was removed and the egg created in the bottom of the
was grown on parafilm resting shell without breaking the
over a waler bath, The APM membrane and either APM
solution or DI water was added solution or DI water was
directly into the parafilm, injected into the air pocket.

Figure 2. Methods of preparation considered for microvascular injection.
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the yolk. Forty uL of 0.4% Trypan Blue solution with
similar viscosity to the yolk was administered with a
micropipette suspended 2 mm through the yolk sac. A
micropipette containing 40 pL of 0.9% saline solution
was injected into the yolk of the control eggs in the
same manner. Figure 3 details the injection technique
using the venting preparation method. The egg was ori-
ented with the air sac at the bottom so the yolk would
span the top of the egg. Injection into the yolk of the
egg maximized dye uptake into the microvasculature
across samples. In the windowing and hammocking
preparation methods, the Trypan Blue solution was
similarly injected into the more visible yolk.

After injection, the eggs were placed back into
the incubator so they could continue developing. The
Trypan Blue solution was sealed to avoid contami-
nation and stored at room temperature to maintain its
stability. Following intervention, eggs were kept in the
incubator for seven days to allow adequate vascula-
ture development and Trypan Blue solution movement
throughout the blood vessels. Experimental and control
eggs were intermingled randomly within the incubator
to ensure that the groups were not influenced by local
incubator differences.

To compare vessel development and Trypan
Blue dye movement, the embryos from each of the

Figure 4. Dye uptake into vessels.
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A VIABLE CAM
PREPARATION METHOD
WILL HELP DETERMINE
THE EFFECTS OF
LOW-DOSE APM ON
ENDOTHELIAL CELL
PROGRESSION IN THE
FUTURE.

three preparation methods were successively compared.
On the seventh day after fertilization, the embryos
prepared with the windowing and venting methods
were removed from their shells. Each embryo was
placed into a petri dish lined with plastic wrap to allow
for easy positioning and manipulation for viewing.

The embryos were viewed using an Olympus SZX12
stereo microscope with a Basler ace USB 3.0 camera
and a Novaflex fiber optic illuminator on its lowest
brightness level. Due to natural vessel constriction and
dilation in response to a new environment, five minutes
were allowed to pass between removal of the embryos
from the incubator and analysis of the vessels under the
microscope to standardize the exposure of the embryos
to the environment.

The umbilical artery is large and easy to visual-
ize, therefore, it was used to detect changes within the
CAM model with clear visualization of vasculature and
blood flow. Figure 4 shows optimal dye uptake into
the umbilical artery and its branching vessels. Vessel
diameter was measured under one of three randomly
assigned conditions: without treatment, vasoconstrictor
treatment to decrease vessel diameter, or vasodilator
treatment to increase vessel diameter. The microvascu-
lature of each embryo was measured before and after
treatment using a video caliper and stage microme-
ter. The stage micrometer measurement on the stereo
microscope was used as a point of reference for vessel
changes.

The data collected via intravital microscopy



Figure 5. Parent and daughter vessel branching radii analyzed with

Murray’s Law.

was compared to Murray’s law, which relates the radii
of daughter branches to parent branches to determine
standardized vessel branching.™ A parent vessel with
two daughter branches is shown in Figure 5. The
standard deviation was calculated from the measured
diameters of the umbilical artery both before and after
vessel diameter treatment. The standard deviation from
the first daughter branches of the umbilical artery was
calculated under the same conditions. A chi-square
statistical test was used to find standard deviation in
comparison to Murray’s Law. Currently, these values
continue to be compared to the measurements for mini-

THE CAM MODEL

WAS FOUND TOBEA
VIABLE ALTERNATIVE
TO CONVENTIONAL
ANIMAL MODELS TO
EVALUATE MEMBRANE
MICROVASCULATURE
AND VESSEL
DEVELOPMENT.
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mum and maximum vessel radii.

RESULTS

After comparing the three
CAM preparation methods, venting
was determined to be the most via-
ble ex-ovo preparation method. The
advantages and disadvantages of the
three preparation methods are summa-
rized in Table 1. In the venting prepa-
ration method, dye injection through
a small hole in the shell minimized
manipulation of the CAM and prevent-
ed embryo contact with the outside
environment, reducing contamination.
Venting was the most effective method
for Trypan Blue dye uptake and the
method least susceptible to infection
during development. While hammocking offered high
visibility of the embryo during growth, it was the most
susceptible method for infection. The microvasculature
of embryos prepared with the hammocking method
oftentimes grew significantly less and showed minimal
dye circulation. When compared to venting and ham-
mocking, the windowing method showed intermediate
dye uptake, but the embryo was still susceptible to
infection during development and required high disrup-
tion of the embryo for measurement.

In each of the three preparation methods,
consistent transillumination and injection site precision
were maintained. Standardized transillumination meth-
ods ensured that microvascular growth was observed
accurately. Injection site precision helped ensure that
the metabolites entered the embryo in the same manner.
Consistent sanitation techniques were used to keep the
eggs viable and healthy throughout incubation.

CONCLUSION

The CAM model was found to be a viable
method to analyze changes in microvasculature and
observe Trypan Blue dye uptake. The CAM model
was used in a novel way to determine vessel branching



Table 1. Advantages and disadvantages of the three preparation methods.

The CAM model
was found to be a viable

Method Type Advantages Disadvantages alternative to conventional
animal models to eval-
Venting - Most successful Trypan - High disruption of the uate membrane micro-
s e mayol s yrsen: vasculature and vessel
+ Least susceptible to + Low visibility of the ,
infection embryo during growth development. If APM’s
- Lowest disruption of the effect on shear stress and
embryo during treatment endothelial cells can be
Hammocking * Least disruption of the - Highest susceptibility to -SUCCGSSfL:l lly measured
embryo for measurement infection n _the chick C'_A‘M model
- High visibility of the - Highest disruption of the using the venting prepa-
embryo during growth embryo during treatment ration method, the effects
+ Least successful Trypan of other metabolites can
Blue dye uptake likely be studied in the
Windowing » Low disruption of the * High susceptibility to same manner. Further-
embryo during treatment infection more, the CAM model
- Intermediate Trypan Blue | - Low visibility of the can be used to observe the
dye uptake embryo during growth effects of APM and other
+ High disruption of the metabolites on embryonic
embryo for measurement develo t th h
pment through an

patterns and teratogenic potential. After the develop-
ment period, the dye progressed from the yolk into
the microvasculature of each embryo, but the venting
preparation method most effectively circulated Trypan
blue dye and was the least susceptible to infection.

Using each of the three preparation methods,
APM metabolites and other solutions’ effect on shear
stress and endothelial cells could be quantified with a
velocimeter without disturbing the egg. APM is imme-
diately catabolized into three metabolites in the small
intestine in mammals: 50% phenylalanine, 40% aspar-
tic acid, and 10% methanol. By replicating this cycle in
the CAM model, the physiological effects of aspartame
metabolites can be examined in order to determine
if the minimal safe dosage of aspartame should be
corrected. Using the venting preparation method, APM
will be injected through a small hole in the posterior
region of the egg where the yolk resides, resulting in a
higher concentration in the region of interest and lower
concentration throughout the rest of the body.'2*2 This
method can also help evaluate how APM metabolites’
effect on eNOS relates to inducible Nitric Oxide Syn-
thase (iNOS).
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extended period, and daily

observations can be noted
without anesthesia. The injection procedures used in
the CAM model have the potential to revolutionize the

way in vitro studies are completed in the future.
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INTRODUCTION

Oceanic research challenges

The Earth’s oceans are a mysterious and
complex network of systems driving the planet’s
many vital processes. These remote regions truly
are the last frontiers of scientific research, the adage
still holds: we know more about the surface of the
moon, maybe our entire solar system, than we do our
oceans. The depth, pressure, darkness, and salinity
converge into a perfect storm, essentially obscuring
almost 70% of our planet from study.! Consequently,

BIOTAG DATA OFFERS A
NON-INVASIVE WAY TO
OBSERVE THE ANIMALS
THEY ARE ATTACHED TO
FOR A FEW HOURS OR UP
TO SEVERAL DAYS.

it is difficult to quantify population size for some of
the largest creatures that reside there. In fact, new
populations of whales are continuously being discov-
ered. Without an accurate count, it is a challenge to
measure, and more importantly exemplify, which con-
servation efforts are successful and where modification
is still needed.

Modern breakthroughs in marine mammal
study have been primarily due to the advancement of
multi-sensory biotags. Although this technology has
streamlined methodologies, marine animal research
continues to be an expensive undertaking. In addition,
with an increase in the ability to gather data neces-
sitates the accumulation and storage of data. Data
processing and visualization in this field has quickly
become as much of a limitation as a goal.? Prioritiz-
ing data that has the most intersections of value is of
particular importance in these cases. The objective for
this work is to highlight viable short-term solutions for
whale conservation in areas with high ship traffic and
feeding whales. This has caused an uptick in annual
ship-strikes worldwide, a leading cause of fatalities for
the larger baleen whales.

Dynamics of multisensory biotags

Marine animal research has undergone signif-
icant advancements in recent decades. Biotag innova-
tions have expanded how marine research is conducted,
particularly for whales and deep-diving pinnipeds.

The tags contain customizable sensors and recording
equipment designed to be affixed to the dorsal side of a
whale. Biotag data offers a non-invasive way to ob-
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serve the animals they are attached to for a few hours
or up to several days. Acoustics, acoustical telemetry,
and multisensory bio-readings capitalize on the phys-
ical properties of water to “see” with sound where
visual observation ends.

Balaenopterids compared to other
whales

Within the recently reconfigured Cetartiodacty-
la order, there are two suborders of whale: mysticetes,
or baleen whales, and odontocetes, toothed whales. Ba-
leen whales have keratin plates instead of teeth which
are used for straining small crustaceans or schooling
fish from the water. Within the suborder Mysticeti is the
family Balaenopteridae whose members may prove to
exhibit the “greatest biomechanical action in the animal
kingdom.” 3

This biomechanical action is a specialized
form of filter-feeding known as lunge-feeding. Lunges
require an exceptional amount of energy to produce the
extreme physical transformation necessary to feed in
this way. An almost reptilian-shaped head and a distinct
set of jaw joints allow an up-to 90-degree gape, which
inflates the buccal cavity, or throat, like a parachute.
This morphology and behavior is found only in ba-
laenopterids. During a lunge as much as 70,000 liters of
water is forced into a whale’s mouth within just a few
seconds. The drag generated from this action, inverts
the tongue and expands ventral pleats to as much as
four times their resting size allowing the whales to
forage up to a ton of krill a day.*



QUANTIFYING A
WHALE'S LUNGE-
FEEDING PROVIDES
INFORMATION ON
VITAL STATISTICS,
FORAGING TIME,
ENERGY STORES, AND
OTHER COMPLEX
PHYSIOLOGICAL
PROCESSES.

Quantifying a whale’s lunge-feeding provides
information on vital statistics, foraging time, energy
stores, and other complex physiological processes.
Feeding is also when baleen whales, which are among
the larger whales, are especially vulnerable to ship
strikes. This is particularly true at night when visibility
is further reduced. Many baleen whale populations are
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in recovery, however, the populations of grays, blues,
and fins that migrate annually through the southern
California bight still have critically low numbers.
Currently, most efforts to estimate whale populations
are typically based on irregular surface counts, passive
acoustic monitoring, and centuries-old whaling data.
Continuing to develop a more precise understanding of
how, where, and when baleen whales feed, would lay
the groundwork for shifting focus to probabilities based
on density estimates rather than population counts.

Balaenopterids and krill

Krill are a small red crustacean and are the
primary source of food for many animals in the ocean.
These tiny crustaceans are found in abundance in
areas with strong upwelling such as off the southern
coast of California.® Upwelling is typically a coast-
al occurrence but also happens along the equator or
anywhere surface water is displaced by nutrient-rich
water from the deep. This process of upwelling
seeds the higher trophic levels with organic detritus
and other nutrients, combining with sunlight at the
surface, causing massive blooms of phytoplankton.
These blooms result in great swarms of grazing krill.

Region
N > Inshore Central
> Inshore Nottn
Offshore

117.5°W

118.0°W

Figure 1. Area of Southern California where 24 whales were tagged in three regions (Inshore North, In-
shore Central and Offshore; separated by color), over eight years (2010-2018) for a total of 247 recorded
hours.



Though individually they are small (~6 cm),
aggregations of krill swarm can reach densi-
ties of 30,000-100,000 individuals per 1 m?
and span several miles across and hundreds
of meters in depth. Under these conditions
whales take up as much as 10 kg of krill

per 70,000 liters or per full-gaped lunge.’
Krill are a foundational species to the global
marine food web, so to avoid widespread
predation, krill have developed a method

of prey-defense known as Diurnal Vertical
Migration (DVM).? This is considered one of
the greatest migrations on earth happening
daily. During the daylight hours zooplank-
ton (including krill) travel several hundred
meters down into the darkness, away from
visual predators. At night they venture back
to the surface to feed under cover of dark-
ness.’

METHODS

Data Collection

Types of multisensory biotags

DTAG (digital acoustic recording
tag) and Acousonde tags were originally
designed for passive acoustic audio surveil-
lance, which focused on recording audio in
the environment but have evolved to include
a suite of compact digital sensors housed in a
buoyant and water-resistant capsule designed
to be affixed to the dorsal side of a whale.

The tag contains a lithium rechargeable battery, digital
signal processor, pressure sensor for depth measure-
ments, compass, temperature sensor, audio board, pre-
amp, hydrophones, analogue-to-digital converter, and

a suite of movement sensors including accelerometers
(a tri-axial coordinate reading for measuring the 3D
movements of the whales in space), magnetometers and
flash memory. Data from the tags were read, tabulated

and prepared for analysis.

I specifically analyzed datastreams from 24
different multisensory biotags. The tags selected had
over 3,000 lunging events across 247 recorded hours in
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Figure 2. MTViewer, a plug-in program used on the Triton plat-
form within MatLab, designed for raw biotag signal processing.

This viewer displays depth (A, top band), temperature (B, 2nd band

from top), compass coordinates (C, 3rd band from top), accel-
erometer triaxial positioning (3D position in space) (D, 4th band
from top), the event logger (E, central buttons), and the full color
spectrogram that reads audio signal amplitude by color (F, full
color chart along bottom). This logging screen shows two lunging
events on the spectrogram and other sensors.

and around the southern California bight. The effort for
these tag deployments focused on three regional sites:
Inshore North, Inshore Central and Offshore (Figure 1)
between 2010-2018.

Tag Tabulation

Raw data from the biotags was tabulated via
MatLab through Triton and its MTViewer remora, a
program developed specifically for reading Acousonde
tag signals (Eigure 2). The Triton MatLab plug-in
visualizes raw tag data into a series of visual charts that
read out as depth, temperature, compass coordinates,
accelerometer coordinates that give a 3D position of the
whale. When a known visual signature for an inhala-
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Figure 3. Mean-adjusted partial fits of lunge-feeding along
the y-axis for the predictor variables: hour (top left), season

(top right) and location (bottom).

tion, tail fluke, or feeding lunge is identified, the event
is logged and labelled along with depth, GPS coordi-

nates, and temperature (Eigure 2).

The analysis portion primarily investigated the
relationship between the response variable, fin whale

lunge-feeding depths, as a function of the predictor
variables, hour, season, and three different tagging

The independent variables used in the
model were hour (numerical), season (spring,
summer and fall), and location (Inshore North, In-
shore Central, and Offshore) which were treated as
categorical variables with three factor levels each

(Eigure 3; Table 1).

- Fall

SU - Summer

- Spring

RESULTS

Lunge-depths at night were significantly
shallower (<135 m) than the lunges during the day

(>135 m) (Eigure 3).

Lunges deeper than 135 m are indicated
by the dashed line above the mean or zero on the
y-axis and lunges shallower than 135 m are indi-
cated by the dashed line below the mean or zero
on the y-axis. For the tags in this study, the hour
variable (top left) shows that between 5:00 a.m.
and 8:00 p.m. the parabolic GAM rises above the
mean, which represents lunge-depths exceeding
135 m. The seasonal variable (top right) which
consists of spring, summer and fall show the lunge-
depths in the fall sit predominantly at the mean
(135 m), the summer months show lunges significantly
deeper than the (>135 m) mean depth, and in spring the
lunge-depths are significantly shallower (<135 m) than
the other seasons. The location variable (bottom) which
represents the three-level factor of Inshore Central
(closest to shore), Inshore North (Santa Cruz and Santa
Rosa Islands) and Offshore (beyond Catalina Island).

locations in the southern California bight. | used a gen-

eralized additive modeling (GAM) framework with a

Gaussian distribution for the two

There was a significant effect of location on

and three-way interaction terms Predictor Variable | df std. error | F t-value | p-value

: Intercept 242 41.79 2e-16

(Equation 1) hour 1.993* 197.1 84.56 2e-16
The R package (mgcv) season 2

was used to model the data to summer 4.27 14.75 2¢-16

fit a GAM using the following spring 10.51 -8.83 2e-16
equation: tag_location 2

Inshore North 4.38 0.074 0.941

Equation 1. Offshore 5.80 02.59 | 0.010

lunge_depth ~ 1 + s(thour, bs ="ts", k=
3) + season + tag_location

Table 1. Degrees of freedom (df for hour is effective*), standard errors, t-val-
ues, and P-values for the predictor variables hour (7 p.m-5 a.m. PST = night,
5:01 a.m-6:59 p.m. PST = day), season (spring, summer, fall) and location
(Inshore North, Inshore Central, and Offshore).
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Figure 4. Probability of feeding lunge depths for day
and night per region sampled; the more vertical distri-
bution of spread along the y-axis, the higher the proba-
bility of a lunge at that depth. Lunge-depth is indicated
along the x-axis.

the depth of lunges as well (Figure 3; Figure 4; Table
1). This was driven by significant differences in lunge-
depths between Inshore Central and Offshore, where
Offshore had deeper than average (>135 m) lunge-
depth distribution than Inshore Central. Offshore and
Inshore North showed no significant difference from
each other (Figure 2; Figure 3; Table 1).

Season also influenced lunge-depth (Eigure 5),
with significant differences across all seasons (Fig-
ure 3; Figure 5; Table 1). Spring had the shallowest
distribution of lunge-feeding depths with a daytime
range between 20-45 m (more spring data is stored and
available for analysis). Summer showed an increase in
depth and frequency with the deepest dives occurring
during the daylight hours in excess of 300 m. The fall
season has the most lunging variability with daytime
lunge-depths in excess of 350 m and night lunges from
as shallow as 20 m to deepest night lunges at 225 m.
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Figure 5. Lunge-depth density per hour for each
season; from Left: spring, shows the depth distribution
of daytime lunges (yellow) occurring at 20-50 m (y-axis)

between 10 a.m.-7 p.m. PST (x-axis). Center: summer
depth distributions show night-lunges (black) from 0
-200 m and day lunge-depths (yellow) >320 m. Right: fall
lunge-depth distributions show night lunges >225 m
and daytime lunges >350 m.

Overall, the deepest lunges (>135 m) occurred
along the shelf-edge, in the late summer and early fall
months between the afternoon and early evening hours
of the day, with shallower dives (<135 m) occurring at
night.

CONCLUSION

Currently, population estimations remain the
most crucial yet most challenging statistic of whale
conservation.'® Populations of these leviathans are slow
to rebound even a quarter of a century after the mora-
torium on whaling. This makes them doubly difficult
to locate in an environment already with its own set of
challenges. With this in mind, my research focused on
the probability of a whale feeding under specific con-
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ditions. To do this, | began a deep dive into the spatial
and temporal fluctuations of feeding-lunge depths for
fin whales. This focus supported the already verified
hypothesis that baleen whales base their lunge-feeding
predation on the density of a krill patch.™ In contrast
to the great whales, krill are easier to predict, find, and
measure. The density of a krill patch fluctuates most
significantly with the rise and set of the sun in a DVM.
Because we know the whales change their feeding
depth based on the density of krill patches, krill density
estimates could be correlated with tagged whale feed-
ing densities through an expanded platform of study. In
this way, with the aid of machine learning algorithms
designed to predict probability densities, krill-density
could be approached as a proxy for feeding whales.
When a krill patch reaches a density that has a high
probability of feeding whales, a mechanism could be
put in place to trigger an alert. This approach would
reorient research towards a whale proxy as opposed to
the whales themselves. Doing so in this case could po-
tentially circumvent years-long bureaucratic processes
stymieing time-sensitive conservation measures.

Developing an automated classifier would be
the initial step towards expediting the time-consuming
analysis of tag data.’> The more data applied to a clas-
sifier, the more precise it will become, the more precise
the classifier, the better our probability estimates. Even-
tually, an in-house automated classifier could be added
to the tags themselves. Data can be upload to surface
vessels or buoys nearby, giving real-time krill-density
estimates. Autonomous gliders have already been in use
for conducting krill-density measurements, enabling re-
al-time readings of krill aggregations, within a surface/
satellite relay system in the antarctic.®

Future goals include the development of a
"whale probability" alert system, informed by gliders in
areas of high ship traffic. Programs have already been
cleared to take continuous bio-geochemical measure-
ments with autonomous gliders.** The sensors used for
krill-density estimations could be cost-efficiently added
to the instrument arrays, taking krill-density readings
concurrently with other measurements.*® Alerts from
these gliders could signal when krill-swarm densities
reach a level of high whale-feeding probability within a
certain meter radius. Ports with high traffic in the North
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Atlantic have reported an 86% decrease in whale ship-
strikes when speeds are reduced to ten knots or less.
An alert system of this kind could inform real-time
shipping routes, speeds and schedules, regulating one
of the greatest threats to the recovery of these rare
giants.
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In 1965, the American rock band The Lovin’
Spoonful sang about a truth greater than they were
perhaps aware when they famously asked their listen-
ers, “Do you believe in magic in a young girl’s heart?”*
There certainly is magic there—a magic that has been
noticed for centuries by rock bands and authors alike.
In particular, the Golden Age of Children’s Literature,
from the mid-1800s to the early 1900s, heavily featured
young female protagonists with a certain enchanting
element about them.

Even for a female author in the Victorian pe-
riod, the possibility of empowerment through main-
stream authorship was difficult, but children’s literature
offered a creative safe haven for women and fictitious
young heroines alike. Children’s literature was con-
sidered a “lowly” genre,* and thus free from intense
public scrutiny, women writers had a rare opportunity
of sovereignty. Women writers of children’s literature
were “a specially marginalized group writing for an

equally disregarded

Even in the realistic
fiction of this period,
these protagonists
possess figurative
magic; they bring
about transformation
in the world around
them. The young
heroines of classic
children’s literature
use words to affect
this magic. Why is

CHILDREN'’S LITERATURE
WAS CONSIDERED A
“LOWLY"” GENRE,* AND THUS
FREE FROM INTENSE PUBLIC
SCRUTINY, WOMEN WRITERS
HAD A RARE OPPORTUNITY
OF SOVEREIGNTY.

audience.” Conse-
quently, they could
“adopt a subversive
position through
articulating the child’s
viewpoint.”® Because
of the genre’s low
public regard, it was
possible for children’s
literature of this peri-
od to feature promi-
nent, powerful young

this “magic”—and the

resulting degree of autonomy afforded to young her-
oines—significant, and what does it mean for modern
readers? In this article, I attempt to answer these ques-
tions by examining Anne Shirley from Anne of Green
Gables and Sara Crewe from A Little Princess, two
key literary figures from the Golden Age of Children’s
Literature, in light of available literary criticism.

BACKGROUND

Anne Shirley and Sara Crewe are anomalies in
women’s literary power. Considering their time peri-
od, the autonomy that Anne, Sara, and other similar
heroines possess is the exception to the misogynistic
rule. During the Victorian period, empowered female
characters were portrayed as “an unnatural aberration,
a monster, a witch.”? Female power, because it was
unfitting with the gender norms of the time,* was ma-
levolent. Strong female characters had to be diminished
by the end of a novel, and if the author chose to keep
these characters strong, they had to be evil to fit within
societal codes.

female protagonists.
Some of these novels of girl power are still classics
today. From Anne of Green Gables to A Little Prin-
cess, the young female protagonists of this era are the
primary influencers within their novels, yet they are not
arbitrarily portrayed as bad. On the contrary, their pow-
er is good—enchanting, even. These girls transform
their surroundings with words, speaking new realities
into existence, to suit their particular needs. As feminist
literary critics Simons and Foster note, they “adopt the
[role] of storyteller, replicating the position of author
as they use narrative as a means of empowerment.”’
So curiously, Golden Age children’s literature offers an
autonomous space for young heroines in which they are
free to be empowered without negative connotations.
Like the authors who wrote them into existence, these
girls transform their worlds with words.

DISCUSSION

The word witch is an unlikely first term to
come to mind when one thinks of Anne of Green
Gables. But in fact, a witch is exactly how Anne is



ON THE ISLAND, ANNE'S

MAKING HER ORDINARY

AND INVITING OTHERS
TO ENTER INTO THIS
ENCHANTING SPACE.

POWERS ARE MANIFESTED
IN HER TENDENCY TO NAME
THINGS AROUND HER, THUS

WORLD EXTRAORDINARY,

ination to cope with the dark and difficult
environment at the asylum from which she
originates.® Explaining this, Anne says to
Matthew, “there is so little scope for the
imagination in an asylum ... 1 used to lie
awake at night and imagine things.”* In
addition to coping with her dismal sur-
roundings in the asylum, Anne uses her
imagination to deal with her lowly status
as an orphan girl. She feels “ashamed” of
her neglected appearance, and to transform
this miserable situation, she “[goes] to work
and imagine[s] that [she has] on the most
beautiful pale blue silk dress” and “[feels]

described several times in L.M. Montgomery’s classic
novel.® During one of Anne’s first scenes, in which
both Anne’s future foster father Matthew Cuthbert and
the reader are introduced to the heroine, Montgomery
notes that “this freckled witch [is] very different.” She
is also described as doing several things to fulfill this
archetype, such as having “bewitched” Matthew after
her first interaction with him® and “casting a spell”
over the Cuthberts.** Anne is also a “witch” because of
her notable creative abilities, with which she manipu-
lates her world by colorfully renaming landmarks and
spinning elaborate speeches. She possesses the qualities
of the “witch” that Sandra Gilbert and Susan Gubar
describe in their feminist literary criticism classic, The
Madwoman in the Attic: “a plotter, a plot-maker, a
schemer ... a woman of almost infinite creative ener-
gy.”*? Montgomery seems to be aware of the term’s
negative connotations and role in literature, yet in
describing Anne as a witch, Montgomery gives the
archetype of witch a new dimension: if Anne is a witch
because of her creativity, then perhaps other witches in
women’s literary history are misunderstood creatives as
well. Montgomery’s description of Anne as a witch also
commingles the genres of fantasy and realistic fiction,
which suggests the power that Anne’s abilities have.

The reader and Matthew, in their first encoun-
ter with Anne, spend an entire scene listening to “her
chatter” in which Anne casts enchantments over the
local sights by renaming them. She later reveals the
origin of this ability: that she used her words and imag-
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cheered up right away.”*® Anne uses her cre-
ative abilities to transform a dire situation
into one of her own fantastic invention, and thus exerts
a sort of magic within her world. Her creative power
derives from a need to escape her awful surroundings,
and now she can use these powers to enchant her new
home, Prince Edward Island. On the island, Anne’s
powers are manifested in her tendency to name things
around her, thus making her ordinary world extraordi-
nary, and inviting others to enter into this enchanting
space. During her first interaction with Matthew, Anne
brings color and enchantment to his world by renaming
the landmarks that are ordinary to him, such as the Av-
enue, saying, “They should call it ... the White Way of
Delight. Isn’t that such a nice imaginative name? When
I don’t like the name of a place or a person I always
imagine a new one and always think of them so.”*
Renaming is Anne’s way of transforming the world
around her into one that suits her needs and whimsy.
She no longer lives in a mundane Canadian town, but
in an enchanting world of her own creation.

Anne also renames herself, in an attempt to
form her identity or put forth certain publicly-perceived
characteristics. Upon first meeting her future foster
mother Marilla, Anne views her own name as “unro-
mantic” and desires to be called, what is according to
Anne, a much more romantic name, Cordelia, or at the
very least, Anne with an e, because “[the e] makes such
a difference. It looks so much nicer ... A-n-n-e looks so
much more distinguished.”*” Anne, desiring a certain
romantic perception of herself, turns to words. Even



as a disadvantaged orphan girl, Anne demonstrates her
power over words to transform both herself and her
surroundings.

At Green Gables, others’ perceptions of Anne
are crucial, because her safety and happiness are at
stake. If the adults on Prince Edward Island disapprove
of her, Anne is more likely to return to the asylum.
Anne is already in a disadvantaged position because
she, a manically creative young girl, is the opposite of
what Marilla and Matthew originally wanted in a child,
a “smart, likely boy of about ten or eleven.”*® While
her position at Green Gables is not yet secure, Anne
weaves elaborate word tapestries in order to gain the
favor of the adults in her life and thus ensure her new-
found home and happiness. The most distinguishable
and transformative instance of this is early in the novel:
Anne must apologize to her neighbor, Mrs. Lynde,
for losing her temper after Mrs. Lynde insults Anne’s
appearance. This is a critical moment for Anne, because
without the approval of the adults in her life, including
Mrs. Lynde, she will likely be sent back to the asy-
lum—and so, even though the situation is unjust, Anne
must work it to her advantage with her magical witch-
craft of words. The readers are aware of the dramatic
irony in this scene: that Anne is actually insincere, but
Mrs. Lynde believes every bit of Anne’s embellish-
ment. After Anne’s dramatic apologetic speech, the
narrator notes:

There was no mistaking her sincerity—it
breathed in every tone of her voice. Both Maril-
la and Mrs. Lynde recognized its unmistakable
ring ... [Marilla understood that Anne] was
reveling in the thoroughness of her abasement
... Anne had turned [Marilla’s punishment] into
a species of positive pleasure.

Good Mrs. Lynde, not being overburdened with
perception, did not see this. She only perceived
that Anne had made a very thorough apology
and all resentment vanished from her."

Anne uses her words to not only construct an
elaborate, believable lie about her sincerity and emerge
victorious out of an unjust situation; she also uses her
words to turn an unjust punishment into an amusing,
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imaginative personal drama. Her witchy abilities are
at work in her elaborate apology, in order to ensure the
retention of her new home at Green Gables via mak-
ing an ally of Mrs. Lynde—and in her characteristic
whimsical charm, to transform an unjust situation into
amusing stagecraft.

Like Anne, Sara Crewe of Frances Hodgson
Burnett’s A Little Princess uses her powerful words to
transform her often difficult and unfair environment
to her advantage. Sara’s words focus on comfort, for
herself and those around her. Her words are how she
transforms dire situations into manageable ones. Sara’s
storytelling ability is her most notable quality: “the
greatest power Sara possessed ... was her power of tell-
ing stories and of making everything she talked about
seem like a story, whether it was one or not.”? Sara’s
storytelling is what causes her to emerge as an admired
leader among her peers, and gives herself and others
the power to withstand difficulties. Her storytelling
gives her invincibility; through it, she transforms her
ever-unfair world into a manageable one.

The comforting power of Sara’s words is
especially prevalent when she is suddenly thrown into
poverty, a sharp departure from her previously lavish
lifestyle. She uses her words to take control over her
situation and thus bear her immense hardships. Like
Anne, Sara is imaginative in her use of words. In
particular, Sara uses her words to craft a new living sit-
uation for herself: instead of living in the dingy upstairs
attic of an English girls’ school, she is in “a beautiful
little room,”? or a cell in Bastille,? or a tropical for-
est.z This imaginative wordcraft makes her hardship
manageable. As Sara says, recognizing the power she
possesses in her storytelling, “what you have to do with
your mind, when your body is miserable, is to make it
think of something else.”? In a situation where Sara
should have no power—she is an orphan girl with no
fortune—she has complete control over her happiness
through her words.

Sara’s words not only affect herself; they also
have immense comforting power over people of all
social statuses. Both in her wealth and in her poverty,
Sara’s words, and the magical, comforting power they
hold, are her gift to her classmates. In the midst of her



impoverished life, Sara notes that “[w]hen [Ermen-
garde, a fellow classmate] comes into the attic | can't
spread feasts, but | can tell stories, and not let her know
disagreeable things.”?® Even without worldly posses-
sions or high social status, Sara invites others into her
comforting musings, and thus exercises power over

not only herself, but her peers as well. Lottie, a young
motherless girl whom Sara has figuratively adopted,

is distressed upon

their novels. Anne, Sara, and their literary compatriots
are enactors of positive change through their words.
They bring about powerful transformations, yet their
medium is not wicked spells or violence; it is life-giv-
ing, enchanting words.

The female empowerment that heroines like
Anne and Sara offer does not end at the last page of
their novels. These empowered characters granted au-

seeing Sara’s new
lowly living situation.
Through her verbal
enchantments, Sara
imaginatively trans-
forms the attic before
Lottie’s eyes, and
Lottie is comforted
again: “[Sara] was
walking round the
small place, holding
Lottie’s hand and
making gestures

LIKE THE EMPOWERED
CHARACTERS THEY
CREATED, THESE AUTHORS
ALSO POSSESSED A
SOVEREIGN, GENERATIVE
POWER OF WORDS
BY NATURE OF THEIR
VOCATION.

tonomy to their authors
as well, in a time when
the female voice was
limited. Because Mont-
gomery and Burnett,
and other similar female
authors, wrote children’s
literature, they had a
rare opportunity to have
a voice through writing.
Like the empowered
characters they created,
these authors also pos-

which described all

the beauties she was making herself see. She quite
made Lottie see [the imagined beauties], too.”® Her
storytelling is what keeps drawing her friends up to her
dismal attic, and sustaining them through their own dif-
ficulties, even though Sara has no physical comfort to
offer them. Especially in her poverty, Sara continues to
“[dispense] generously of the one hospitality she could
offer—the dreams she dreamed—the visions she saw—

the imaginings which were her joy and comfort.”?

CONCLUSION

It is important to note that Sara and Anne are
the only figures with this magical power of words in
their particular novels. Some of the adults in the novels
may appreciate their musings, but certainly all of the
adults lack this creative power. The other children in
the novels also notably lack this ability; Montgomery
and Burnett go so far as to say they are envious of
it.2%2 Thus Anne and Sara, and similar young heroines
of the Golden Age of Children’s Literature, are afforded
the principal position of transformative power within
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sessed a sovereign, gen-

erative power of words
by nature of their vocation. Montgomery and Burnett’s
voices in their classic novels also serve to empower the
often young and female reader. In reading such novels
as Anne of Green Gables and A Little Princess, readers
are invited into this fantastical creative power, put forth
by the protagonists and the authors. Readers are afford-
ed the opportunity to escape their present world and
thus experience the heroines’—Anne and Sara’s—and
the authors’—Montgomery and Burnett’s—transfor-
mative wordcraft. Readers and authors share in Anne
and Sara’s ability to create and transform with words,
making Golden Age Children’s Literature significant
for female empowerment, at the textual, author, and
reader levels. Over a century later, children’s classics
like Anne of Green Gables and A Little Princess contin-
ue to remind readers of the immense potential of words

to empower the marginalized.
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INTRODUCTION

Curiosity is a natural way to gather information
about the world, making it directly relevant to learn-
ing. However, little research has examined whether an
association exists between children’s early curiosity
and formal learning. Even less has examined the role
critical environmental factors play in this association,
such as socioeconomic status (SES) and parenting.

A clearer understanding of how children’s curiosity
relates to outcomes like school readiness could illumi-
nate economical and effective strategies for preparing
children for formal learning.

Previous

nitive ability,® and especially for children from pover-
ty-level homes, cognitive growth.® Recently, empirical
findings show a positive association between curiosity
and academic achievement.” This association was
strongest for children with low family SES, which was
evaluated using income and education level. Children
with low family SES may benefit more from curiosity
because they do not have the advantages that children
with high family SES have. Though this work has yet
to be replicated, such findings imply a possible associ-
ation between children’s early curiosity and readiness
for entry into formal schooling and suggest a possible
pathway for reducing socioeconomic disparities in
educational achieve-

research suggests
that curiosity is
positively related

to intrinsic motiva-
tion'2 which is an
important aspect of
academic achieve-
ment® and long-term
retention.* Curiosity
in children has been
associated with cog-

OF CURIOS

CHILDREN'S CURIOSITY
HAS BEEN POSITIVELY
CORRELATED WITH
PARENTAL ENCOURAGEMENT

PARENTAL DEMONSTRATION
OF CURIOSITY.

ment by strengthening
children’s curiosity.

At all levels
of SES, parents serve
as the primary scaf-
folding for children’s
early learning.® Parents
are the most frequent
social partners of
young children and
the primary figures

ITY AND
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Table 1. Descriptive statistics of participants across the three visits.

be positively correlated. Second, the
link between curiosity and school

AT T R T SRR readiness would be stronger at lower
levels of SES than at high SES.
Number of Children Participating 108 98 91 | Third, the link between curiosity and
e u—— 359 457 55y | school readiness would be greater
when parents showed more frequent
Standard Deviation of Children's Age 0.15 0.15 012 | curiosity-encouraging behaviors (e.g.,
Mothers' Mean Age 34.53 exploring the objects themselves,
P — asking their child about the objects,
etc.) and more thorough responses to
in a child’s environment before formal schooling.’ children’s questions.
Children’s curiosity has been positively correlated
with parental encouragement of curiosity* and paren- METHODS
tal demonstration of curiosity.!* Thus, parents may be
viable targets for interventions aimed at enhancing Participants

school readiness. Because parent-based strategies

for encouraging curiosity are inexpensive and do not
require advanced education, they may be particularly
appealing for families with low SES, though parent
behaviors almost certainly play a critical role for
children of all socioeconomic strata. However, as is
true for the association between curiosity and academic
achievement, there is limited formal research aimed at
understanding whether and how parent behaviors affect
the association between early curiosity and children’s
school readiness.

To expand our
knowledge about the role of
curiosity in young children’s
readiness for formal school-
ing, this study examined
preschoolers' curiosity at age
three as a predictor of aca-
demic readiness for entry to
formal schooling at age five.
The association between
early curiosity and school
readiness was evaluated
in light of family SES and
parenting behaviors.

This study had three
hypotheses. First, curiosity
and school readiness would

1.7% . 4.3%
7.0%
26.1%
5.2%
10.4%

As part of a larger longitudinal study of child
development, 121 children (female = 59%) came to
the laboratory three times between spring 2014 and
winter 2017. The initial visit occurred when children
were three years old, the second visit at age four, and
the final visit at age five (Table 1). The full range of
parents’ gross annual incomes are represented in Fig-
ure 1. Parents reported their race and ethnicity, which
is summarized in Figure 2. Due to missing data for the
specific variables that this study examined, the final
sample included 61 children.

Less than $15,000
= $15,001-520000
$20,001-530,000
u $30,001-540,000
$40,001-$50,000
$50,001-560,000
= $60,001-570,000
# $70,001-580,000
$80,001-590,000

17.4%
= 590,001 or more

9.6%

Figure 1. Reported gross annual incomes (maternal and paternal reports were

averaged).
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2.1% 3-1%

100%

= White 90%

80%

18%)| |\22% ki 70%

Paternal - o 1.8% 60%
= American Indian 50% 98.2% 95.7%

40%

- Maternal s0%

Alaska Native

20%

Biracial (American s
Indian/Alaska Native and 0% 1% 4.3%

White)

94.8%

Maternal Paternal

Hispanic = Non-Hispanic

Figure 2. Parents’ reported race and ethnicity.

Child Curiosity

Children’s behavioral curiosity and vocal
curiosity were observed during a laboratory episode. As
part of the age three assessment, each child came to the
lab accompanied by their primary caregiver and par-
ticipated in a Risk Room episode designed to measure
children's reactions to novel contexts.*?

Children investigated a set of novel, age-ap-
propriate toys in whatever manner they chose. The
child was told they could play with the toys in any
way they wanted, and the parent and child were left
alone in the room for 3 minutes. To quantify behavioral
curiosity, the number of objects children engaged with
was recorded and exploratory behavior was rated on a
five-point scale, ranging from not engaging with any
of the objects (0) to attentively manipulating at least
one object with variation to their actions (4). Variation
was defined as the child playing with the same object
in different ways (e.g., putting their arm inside the
monster box and stroking its teeth). Vocal curiosity was
scored as a count of the number of information-seeking
questions that children asked.

Parent Behaviors

Three aspects of parent behavior were also
coded during the Risk Room episode. The quality of
parents’ general responsiveness to questions from chil-
dren across the episode was rated on a four-point scale,
ranging from not typically responding (1) to answering
with information and elaboration (4). Parental encour-

agement of curiosity was similarly coded on a four-
point scale, ranging from parents not exhibiting any
curiosity-orienting behavior (0) to parents consistently
encouraging their children to explore (3). Parental
encouragement of curiosity included instances where
parents encouraged their children to play with new ob-
jects, asked their children questions about the objects,
or explored the objects themselves. Finally, parent in-
terference with children’s curiosity, such as separating
their child from an object, telling them to stop asking
questions, or influencing them to stop exploring the
room, was noted as present or absent.

Socioeconomic Status

At the age three assessment, family SES was
calculated using the Hollingshead Four Factor Index of
Social Status.® Parents self-reported the highest grade
that they had completed on a 7-point scale, ranging
from less than 7th grade (1) to receiving graduate/pro-
fessional training (7). Parents also self-reported their
current occupation which was coded on a nine-point
scale, based on occupation title and responsibilities

Table 2. Results from the multivariate regression model
including behavioral curiosity and SES as predictors of
school readiness.

p SE P
Behavioral curiosity -037 0.14 0.009
SES 042 014 0.002
Interaction of behavioral curiosity and SES -0.13 0.14 0.366
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Figure 3. Behavioral curiosity at age three predicts decreased school readiness at age five.

as described in the Hollingshead scoring instructions.
Education and occupation levels were weighted and
combined for each parent, then the maternal and pater-
nal scores were averaged to determine family SES.

School Readiness

To evaluate school readiness, parents complet-
ed the School Experiences section of the MacArthur
Health and Behavior Questionnaire'* when their child
was five years old. Parents only completed this section
of the instrument if their child had started kindergar-
ten. The section consisted of eight questions that asked
parents to rate, on a 1 to 7 scale, their child’s math and
reading abilities. Ratings were averaged together such
that each child received a single score for school read-
iness, with higher ratings indicating greater readiness
for formal schooling.

RESULTS

To test hypothesis one, two regression models
were used, examining behavioral curiosity and vocal
curiosity separately. Neither behavioral curiosity nor
vocal curiosity was significantly associated with school
readiness, so hypothesis one was not supported.
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To test hypothesis two, multivariate regression
models were used that predicted age five school readi-
ness from curiosity (behavioral or vocal), the putative
moderator (family SES), and the interaction between
curiosity and putative moderator. Sixty-one participants
were included in the analyses, reflecting the subset of
families for whom children had begun kindergarten.

The model including behavioral curiosity
found that greater behavioral curiosity predicted lower
levels of school readiness. That is, school readiness
decreases as behavioral curiosity increases (Eigure 3).

Consistent with previous research, higher SES
predicted greater school readiness (Eigure 4) when
behavioral curiosity was included in the model. How-
ever, contrary to study hypotheses, SES did not affect
the association between behavioral curiosity and school
readiness, suggesting that the association between
behavioral curiosity and school readiness was the same
at all levels of SES.

Vocal curiosity and SES were both unrelated
to school readiness, and SES did not affect the relation
between vocal curiosity and school readiness.

To test hypothesis three, a univariate ANOVA
model was used that predicted age five school readi-
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Figure 4. Socioeconomic status at age three predicts school readiness at age five.

ness from curiosity (behavioral or vocal), the putative consistently encouraged curiosity.
moderator (parent encouragement or responsiveness),

and the interaction between curiosity and the modera- DISCUSSION

tor. This model was used in place of regression models

given the categorical nature of the parent variables. The primary hypotheses were not supported in

Thete was no difference in school readiness this study. Rather, it found a negative association be-
levels for children with parents who typically did not tween behavioral curiosity and school readiness and a
respond’ responded incomp|ete|y’ answered their ques- p05|tlve association between socioeconomic status and
tions, or answered with information and elaboration. school readiness. Although neither of these findings

Thus, parent responses did not affect

the association between vocal curiosi-

ty and school readiness (Eigure 5). ...PRIORITIZING AMELIORATING
Finally, the effeC_t of parental CHILDHOOD POVERTY WOULD
encouragement of curiosity on the as- BE A MORE EFFECT'VE STRATEGY

sociation between age three behavioral

curiosity and age five school readiness TO E N HAN CE C H I L D RE N'S
was tested using a univariate ANOVA. LONG-TERM EDUCATION

Parental encouragement of curiosity

did not affect the association between o UTCO M Es RATH E R THAN
behavioral curiosity and school readi- EFFORTS FOCUSED ON
ness (Eigure 6). There was no differ-

ence in school readiness for children EN HAN CI N G U N DERPI N N I NGS

with parents who did not encourage OF CHILD LEARNING OR PARENT
curiosity, encouraged curiosity once or BEHA‘"OR

twice, often encouraged curiosity, or
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School Readiness

0 5 10
Vocal Curiosity

Parents' Typical Response

@ Does not respond
Responds incompletely
Answers with information

Answers with information and
elaboration

15 20

Figure 5. Parent responses did not affect the link between vocal curiosity and school readiness.

were hypothesized, some important implications can be
taken from them.

First, this study underscored previous asser-
tions about SES as a robust predictor of school readi-
ness. Because SES is such a robust measure, its asso-
ciation with school readiness was not disrupted by the
inclusion of other factors. This is in line with a substan-
tial amount of literature showing SES disparities in ear-
ly learning,™ including disparities in early vocabulary*®
and math ability.*” It should also be noted that SES was

assessed two years prior to children’s levels of school
readiness, underscoring the long-term impact of being
raised in a low SES household. This highlights SES as
the critical intervention point across all of the variables
investigated, suggesting that prioritizing ameliorating
childhood poverty would be a more effective strategy to
enhance children’s long-term education outcomes rath-
er than efforts focused on enhancing underpinnings of
child learning or parent behavior. Thus, future research
should continue to investigate the relationship between
SES and school readiness, aimed at creating effective
methods to reduce the socioeconomic achievement gap.

There was also an unexpected negative associa-
tion between behavioral curiosity and school readiness.
This could be because children’s behavioral curiosity
demonstrated a gap in their knowledge, similar to the
suggestions of Lowenstein,*® rather than indicating an
internal drive for deeper or higher-level knowledge.
Children who were less curious on our rating scale
may have appeared as such because they already knew
about the toys they were offered and found them less
novel. This rationale explains why behavioral curiosity
was a significant predictor only when accounting for
SES. Children with low family SES may not have as
many opportunities for learning experiences because
parents may not have the time, information, or resourc-
es needed to provide these experiences.! Families with
low SES generally have less stimulating home envi-
ronments, such as not owning as many toys intended



School Readiness

-1 0
Behavioral Curiosity

Parental Encouragement
of Curiosity

@ Did not encourage curiosity
Encouraged curiosity once or twice
Often encouraged curiosity

Consistently encouraged curiosity

Figure 6. Parental encouragement did not affect the link between behavioral curiosity and school readiness.

for learning.?® Future research should examine the
relationship between learning experiences and school
readiness, and whether curiosity or SES affect that
relationship.

It is important to note that there were limita-
tions to this study. Data was already collected to eval-
uate behavioral inhibition. Upon further reflection, this
data was well-suited for this study. However, because
the data was not initially intended for this project, the
sample was relatively small and there was missing data
in multiple variables.

There were also limitations regarding the mea-
sures. The objects in the laboratory may not all have
been novel to every participant, because it would not
be feasible for parents to know every object their child
had seen or interacted with, given that a child could
see these objects at a friend’s house, in preschool, or
online. Also, vocal curiosity and behavioral curiosity
were statistically different concepts, though we initially
intended to examine curiosity overall. This was likely
due to the small amount of time children had during the
episode: it seemed they had time either to explore or to
ask questions. The short amount of time could explain
why the findings indicated that vocal curiosity is not a
predictor of school readiness. Another limitation was
that school readiness was only accessed via parent
report, which was used because it suited the needs of
the initial study. To have a more robust measure, future
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studies could incorporate direct measures of children’s
academic competence. Furthermore, the parent’s ques-

THE FINDINGS ALSO
SHOWED THAT
CURIOSITY IS RELATED
TO SCHOOL READINESS,
AS DEMONSTRATED

BY THE NEGATIVE
ASSOCIATION
BETWEEN CHILDREN'S
BEHAVIORAL CURIOSITY
AND SCHOOL
READINESS WHEN
ACCOUNTING FOR SES.

tionnaire only asked about math and reading compe-
tence, so exploratory behavior may benefit children in
a different academic domain, such as science. Having
a direct measure of academic competence that includes
other subjects can allow for a greater understanding of



the association between curiosity and school readiness.

Ultimately, this research highlighted how
strong a predictor SES is for school readiness. The
findings also showed that curiosity is related to school
readiness, as demonstrated by the negative association
between children’s behavioral curiosity and school
readiness when accounting for SES. Behavioral curios-
ity may demonstrate a lack of learning opportunities for
children with low family SES. Future research could
examine the impact of children’s learning experiences
on school readiness and whether children with low
family socioeconomic status have fewer learning op-
portunities.
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INTRODUCTION

Permanent supportive housing (PSH)
neighborhoods are a somewhat recent strat-
egy for assisting the unhoused by providing
long-term housing for individuals and families
with extremely low incomes. According to
the National Alliance to End Homelessness,
investments in permanent supportive housing
have helped decrease the number of chronically
homeless individuals by twenty percent since
2007.* However, there is evidence of a lack

DREAM ULTIMATELY LEADS

THIS ATTEMPT TO FULFILL
THE SUPPOSED AMERICAN

TO A JUXTAPOSITION
OF THE TRADITIONAL
NEIGHBORHOOD AND THE
PSH NEIGHBORHOOD.

of architectural design in the arrangement of
PSH neighborhoods. Many promote or even
require community engagement and interaction, which
makes the configuration of the community vital. There
is no question that PSH neighborhoods are beneficial;
however, the primary question lies in what steps can be
taken to improve the overall arrangement of the com-
munities.

Aldo Rossi in The Architecture of the City
said, “the comfort of any building consists of three
principal items: its site, its form, and the organization
of its parts.”? By considering the whole as a part, it can
also be said that the comfort of a site is dependent on
the city as the larger site, its form, and the organiza-
tion of its parts. In “Design and Affordable American
Housing,” Gwendolyn Wright said “site plans are more
significant than architectural styles. They orchestrate
the natural environment, of course, but they also affect
safety and social life, both planned and serendipitous,
for residents of all ages.”® The success of any com-
munity relies heavily on the arrangement of its parts.
Historically, social housing has primarily been de-
signed as high density, presenting numerous challenges
which ultimately lead to the failure of many projects.
Unfortunately, low density supportive housing comes
with many of its own challenges. The primary issue is
the tendency to create a scaled down model of the tra-
ditional American suburban home and neighborhood.
In the post-war American suburban neighborhood, a
resident interacts primarily with only their home or
lot, whereas in a supportive housing neighborhood
the home is scaled down significantly often removing
elements that require the residents to leave for simple

tasks, yet these neighborhoods are arranged in a similar
manner. This attempt to fulfill the supposed American
dream ultimately leads to a juxtaposition of the tradi-
tional neighborhood and the PSH neighborhood.

METHODS

Research began with an in-depth analysis on
the arrangement of four diverse permanent supportive
housing communities. Between the four communi-
ties, variables in scale from 30-100 units, locations
including Texas and Washington, and design approach
such as tiny homes and quadruplexes allowed for a
wide analysis. In addition to their heterogeneousness,
commonalities were identified through each aspect of
the projects, both good and bad. Qualities were then

Figure 1. Quail Trail analogical illustration, “Wood
Blocks,” draws the site plan of the community as a
curved rug with the housing as a child’s building blocks.
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Figure 2. Quixote Village. Bottom right: analogical
drawing, “House of Cards,” illustrating the site as a
table and the housing as cards in play.¢

displayed in a series of analytical drawings at each
scale of the projects from city to individual unit, begin-
ning with a land sustainability analysis to evaluate the
lot and later analyzing the arrangement of spaces on
that lot. Additionally, analogical drawings were created
to playfully draw a line from site plans to the mundane
arrangement of objects within the home (Eigure 1).
These illustrations attempt to relate the complexities

of architecture to something even a child could under-
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Figure 3. Field'’s Edge. Bottom right: “Wheat Crackers”
illustrates each collection of units as cheese and crack-
ers on a plate.”

stand, bringing the arrangement down to the most basic
concepts of composition. While conducting research,

it became clear that though motivations in the designs
are pure, they can be severely misleading and result

in inefficient designs for the city and the residents of
the communities. This led to a motivation to develop
accessible and understandable information on the cru-
cial aspects to consider in order to design a successful
housing community. Which begs the question, what
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Figure 6. Full spread of the toolkit. Each image in the composite is an individual 8.5x11" page.
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Figure 4. Quail Trail. Bottom Right: “Wood Blocks,”
draws the site plan of the community as a curved rug
with the housing as a child’s building blocks.®

elements of design can be established to assist in the
successful planning of the arrangement of permanent
supportive housing neighborhoods?

RESULTS

Based on the successes and shortcomings of
Quixote Village in Tumwater, Washington (Eigure
2); Field’s Edge in Midland, Texas (Eigure 3); Quail
Trail in Fort Worth, Texas (Eigure 4); and Bastion in
New Orleans, Louisiana (Eigure 5) a series of steps
and strategies were established and organized into a
toolkit. This strategy is often used when spaces are
actively being designed or built by untrained people.
One such example is the Self-Build Manual by Co-
munal.* The group found that families in rural Mexico
were building their homes with little to no structural
knowledge. On their Who We Are page they state, “we
do not conceive architecture as an individual author's

work or as a static, artistic and unmodifiable object; but

as a collaborative, live, open and constantly evolving

social process.” By recognizing architecture as a social

process, Comunal empowers users with decision mak-
ing and acknowledges them as the most central part of
projects. Their toolkit provides an accessible resource

to ensure that not only do the users have decision mak-
ing power, but also that they are making informed and

safe decisions in terms of structure. Eigures 2-5 are
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Figure 5. Bastion. Bottom Right: “Picture Perfect,” dis-
plays each dwelling as a framed picture on a wall, using
photographs of the realized project.®°

each a composite of four images created for one of the
four communities showing in the top left a city analysis
assessing accessibility; in the top right a site analysis
on the relationships and quality of private, semi-pri-
vate, and semi-public spaces; in the bottom left is a

site analysis on the program of the site, and the bottom
right is an analogical illustration drawn from the site
plan in the bottom left.

Figure 7. Example of the toolkit in use. Photos of the
toolkit in use are dispersed throughout the book as
a visual guide to assist with written and illustrated

instruction.
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Figure 8. Axonometric drawing of the application of the toolkit in
Baytown, Texas

In a similar way, the toolkit (Figure 6) pro-
duced from this research seeks to provide a resource
so that organizations along with the users are making
informed design decisions to ensure optimal living
spaces, a real sense of ownership, and community. The
organization of chapters was done intentionally and
is meant to be followed in order so that each element
of the community is given correct priority and focus.
This resource is intended to be printed out and used
through a series of steps involving cutting out piec-
es, taping things together, drawing, and taking notes
(Eigure 7). By following each step of the process,
users will explore the arrangement possibilities as they
see instructions on how to plan a community without
a computer program or prior architectural knowledge.
After the toolkit was completed, a design was created
using the tool for a site in Baytown, Texas (Figure 8).
By using the toolkit to design a potential community,
the images created serve both as examples of the appli-
cation to assist users as well as a source of reflection on
the effectiveness of the product. Throughout each step

of the process, users can see examples
of the toolkit’s application because of
the community designed using it. This
toolkit gives the proposed elements for
designing a permanent supportive hous-
ing community in practical and tangible
ways. Furthermore, it continues the
concept of the analogical illustrations by
> scaling down the elements of a commu-
nity to pieces small enough to fit within
a home. Lack of architectural quality in
PSH neighborhoods is largely due to the
lack of design in arrangement, but with

- the consideration of the elements and

- strategies proposed, these communities
can be designed as both programmatic
and aesthetic.

CONCLUSION

Although there are organiza-
tions that offer education workshops on
planning supportive housing neighbor-
hoods, they are almost all for tiny home
villages. The creative artifact produced
from this research proposes breaking from this ap-
proach. One aspect of design the toolkit focuses on is
a solution to the desire to build single family homes in
order to fulfill the supposed “American dream.” This
usually leads to the tiny home model; however, the
toolkit proposes another solution. By suggesting the
development of mid-density housing, the designs can
satisfy the American dream through an illusion of sin-
gle-family homes. Supportive housing units are small
enough that when arranged into dwellings of 2-4 units,
they can still appear to be a single-family home. This
creative artifact seeks to answer the primary question
of this research in a format that is accessible not only
to architects, but anyone with the hope of housing the
unhoused. Though it may not fully solve the problem at
hand, by establishing a set of guidelines it opens a line
of discourse for others to agree or disagree on.
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