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Introduction Figures Results

* About 60% of individuals with developmental disabilities display challenging behaviors Renewal Frequency:  Within known context changes:

(CBs).! * Task-based context changes produced the greatest frequency of renewal (18.18%),
* CBs are classified as behaviors with intensity, frequency, and duration that poses a safety feneuwal Percentages of (own Context hanes Percentage of Renewal Events by Context Change followed by therapist (12.07%) and setting (9.30%) changes

concern to the individual exhibiting behaviors and/or to those around them.2 ~ w7 93% - o633 N e Setting-based context changes were associated with the greatest maintenance (3.8

* This includes aggression, self-injury, destruction, elopement, etc. 7 > sessions) when compared to task (3.25 sessions) and therapist (3.42 sessions) changes.

* Function-based treatments are highly effective for treatment of CBs3, but their efficacy is R g\éso  Therapist-based context changes had the greatest magnitude (249% increase, on

limited by relapse.? ; Z 5 average), when compared to task (83%) and setting (158%) changes.
* This study examined a specific type of relapse in CBs that occurs following a context & g )

change, called renewal. ; é‘; * When comparing known and unknown context changes:
« Common context changes include setting, therapist and task changes, which are ° -  Unknown context changes occurred more frequently (68% vs. 32%).

observable and known; however, there are many other context changes that may not be o e a7 § 20 16% « Unknown context changes had the greatest maintenance (4.04 sessions).

observable or known (e.g., biomedical conditions). - T 6.7% 9-3% . * Known and unknown context changes had similar levels of magnitude.
* Objective: The purpose of this study was to evaluate the relapse of challenging behaviors o o — o O ] .

for patients receiving function-based treatments. More specifically, we sought to m Renewal Did Not Occur = Renewa Setting Change Therapist Change ~ TaskChange ~ Unknown Change e Of all events where renewal occurred, the majority were due to unknown context changes

determine the proportion of relapse episodes associated with known context changes
versus unknown context changes and further analyze the types of known context changes,

(68%), followed by context changes associated with task (16%), therapist (9.3%), and setting

Figure 2: Frequency of Renewal for Known Context g .
8 q y Figure 3: Percentage of each type of Context changes (6.7%).

as well as the magnitude and maintenance of renewal episodes. Changes (Setting, Therapist, and Task). Change in Renewal Events.
. . Discussion
Pa rt|C| pa nts Participant Demographics: * Among known context changes, task-based renewal occurred at the greatest frequency,
We conducted a consecutive controlled case series of 15 patients from the BioBehavioral PATIENT NUMBER | YEAR |AGE|  SEX RACE DX setting-based renewal occurred for the longest durations, and therapist-based renewal
Day Treatment Clinic at the University of lowa between the years 2019 and 2023 who met 1 2015 | S Male White ID resulted in the greatest percentage increase in CBs.
the following criteria (see Table 1): 2 2015 | 10| Male White ASD, ADHD, ID * Each type of known context change exceeded the other two in one of the analyzed
1. Must display CB(s) in both assessment/treatment. 3 2023 | 7 | Female White ADHD parameters of renewal (frequency, maintenance, magnitude).
2. Must have socially maintained behavior and no automatically maintained behavior. 4 2023 | 3 JELE AT =20 * This suggests that each type of context change may have a unique effect on CBs and
5 2023 | 17 Male White ASD, ID renewal.
Methods 675 ;giz 171 m::: \:’S:‘;t: AsnD/alo * Future res.earch might c?nsider which of the paramet.e.rs evaluated in this study are
' most detrimental to patient treatment and plan to mitigate those effects.
General Procedures and Data Collection: 8 2023 | 8 Male thte ASD, ADHD, 1D * Unknown context changes were associated with over half of all relapse events and
For each patient, we reviewed all treatment sessions and notes on context changes. > 2023 | 13 | Female Wh!te ADHD demonstrated the greatest maintenance when compared to known context changes.
Sessions were conducted in 5-min intervals and data were recorded using responses per 10 2023 | 22 Male Wh!te ASD, ID * This should be the focus of further study, as the majority of renewal events last longer,
minute (RPM) of CB. For this study, data were collected using two methods. i; igiz 2 :2::: x:::: A0, AIEHD’ D on average, than known context changes and may be caused by unknown
Method 1 — Known Context Changes: Data were collected on the rate of CB in the five . oy | = T Forraic Ve . internal/external factors that treatment. p.rc.>viders are unaware of. | |
sessions preceding a known context change (i.e., therapist, setting, or task change) and the ” ol 5 | el || Dl e * These data suggest that the current ?efm,l,tl,c,m of ”k:\own l((:ontext.ch”ang.e” in applied
three sessions following the context change (see Figure 1). When the mean rate of CB of " 092 |12 | Feraie - a research should be broadened past tésk , “setting”, and theraplst. to incorporate more
the three sessions following a context change exceeded the highest rate in the five types of context changes that may be internal or external to the patient. A broader
preceding sessions, it was considered renewal.> Table 1: Demographics of fifteen study participants. definition would allow us to better monitor and identify connections between a patient’s
Method 2 — Unknown Context Changes: Data were collected on all relapse events and behavior and a respective context change.
categorized as being associated with a known context change or an unknown context _ . * Of the parameters used to evaluate relapse, proportion of events and magnitude were
change. Maintenance/Magnitude: associated with the greatest difference among context changes, while maintenance tended
Incidents of renewal (Method 1) were further classified by type (setting, therapist, task) Maintenance of Relapse Events Magnitude of Renewal by Context Change Type to be relatively similar across all context changes.
and the magnitude and maintenance of renewal incidents were calculated as follows: 45 249% e Limitations to this study include the small sample size and potential omissions of context
* Magnitude: percent increase in CB from max of the five pre-change sessions to average 3 38 changes within the patient documentation.
of the three post-change sessions. 35 * Future steps include collecting data on more participants to analyze a larger sample and
* Maintenance: the maximum number of post-change sessions (in groupings of three) ; g™ looking for unknown context changes that are observable for data collection.
where the average exceeds the max of initial five pre-change sessions. , 25
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Introduction Coating and Ray-tracing
% Solar energy is a rapidly growing energy source, particularly We chemically smoothed the 3D printed concentrators using X2C 3D print coating before coating them
with green initiatives in reflective metal coating. Chromium, aluminum, copper, and nickel were tested on sample squares for

Through my team'’s investigation of the ideal design for solar cell
concentrators, we devised a way to automate the 3D modeling
process of these concentrators with our OpenSCAD program. In

reflectivity, as shown in figure A below. Chromium proved to be the most reflective and thus we coated

“ We aimed to determine the ideal solar cell concentrator shape ) 9=
our final concentrators with it.

among various polygonal compound parabolic constructions

< We developed two methods of solar tracking to further improve Figure 1 Figure 2 this way, other researchers looking to easily and efficiently
solar cell efficiency . ce\{elop concentrator 3D modgls can use our program as a tool in
N Metals Reflectivity Radiance Ray-tracing of Each N-Sided their own research or applications.
90 Compound Parabolic Concentrator Figure 4
85 . . . . . . . . . Radiance Ray-Tracing Results (With 256-Sided)
30
75 OA;W i _—
We used OpenSCAD (parameterized, script-based CAD tool) 70 A . . . . . . . . . % <
to develop the 3D concentrator models using bash script il B T e s S ———— S
_. 60 —
N-sided polygonal compound parabolic 8.0X concentration S o - =
concentrators shown below, all T cm radius of bottom aperture and 2 50 5 %
6 cm tall < 45 S =
* 40 7} Q.
Triangular Square > 3 é
30 +
25 O
20 c:j)h
15 e Q.
‘ e o - &
Heptagonal Octanal Nonagonal Decagonal : Acknow'edgments
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Wavelength (nm) Thank you to my lab members for making this experience
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graduate students Dan and Rezwan, and super cool guys Nick
control 2 = Copperz - Aluminum 2 == Chrome 2. Nickel 2 and Caleb for their guidance. I'm also glad to have spent time
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Above shows the reflectivity percentages of the four different
metal coatings at corresponding wavelengths on the solar >
spectrum. Increasing Concentration Factor
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Abstract

in WhICh we placed flies

One third of epilepsy patients do not respond to currently available MethOds 2 . & @)1 for seizure assays.
medications™. To search for alternative treatments, we tested whether j

H ) e o Vials were prepared with pk*'e/pkr'e flies were
the anti-inflammatory drug ibuprofen & anti-oxidant drug genistein 12-15 mL of food; varying reared through

a q . . . . amounts of Ibuprofen - embryogenesis on
alleviate seizures in a seizure-prone line of Drosophila melanogaster. We (10pM, 100uM, TmM) and —— ¢ [ /i /| drugged and control
o s > J\
¢ =

chose these drugs based on data generated by the Manak lab Genistein (4uM, 40uM, \ food, and were flipped
400pM) were added via onto new vials every 3-4

demonstrating that oxidative stress activates the brain innate immune serial dilutions days after eclosion

response, which in turn leads to epilepsy progression2. .
r Conclusions
At 7-10 days post- x Neither Genistei b f h t
Drosophila with mutations in the prickle gene, especially in the prickle- Each fly was :::z:"f’;(::‘;;“:’a“ - L i either Genistein nor Ibuprofen was shown to
spiny legs isoform, exhibit myoclonic (isolated muscle contraction) manually assessed, 20-well plate and significantly reduce pk<r’=mediated seizure
. — . . . in a single-blind e videotaped for five .
seizures similar to those observed in human patients carrying PRICKLE WM. ¢ < hion, for seizure v penetrance at any concentration tested.

activity Canon H-Definition Vixia

mutations*. Flies homozygous for pksr’ were treated with varying drug e e However, 4uM of genistein showed a slight
concentrations, then assessed for seizure penetrance. While neither drug decrease in seizure penetrance.
resulted in significant seizure reduction, 4uM of genistein showed a Drug-treated & control pksr'¢/pksr’ flies were analyzed for
decrease in seizures. seizure activity at 7-10 days post-eclosion, at which time the . .

number of seizures experienced in five minutes were quantified. FUture DI reCtlons
Redo experiment with improved seizure calling
accuracy and/or more flies to increase
Results statistical power. The Manak lab will continue
& assessing antioxidant & anti-inflammatory
‘ drugs for anti-seizure properties in the prickle-

spiny legs model.

Figure 4. No
significant difference
between controls &
genistein-treated

Background

Genistein

Epilepsy

% Spontaneous Seizure Events

» Affects 1% of population’ e pheris/pkerte flies was = sple/sple
A . d . h . d . d t, [ aplcawsAS s WU observed at any of the = 4 uM Gen

* Associated with increased oxidative Figure 1. Knockdown of Relish indicated ) B 40 uM Gen
stress (production of reactive oxygen transcription, & subsequently the concentrations. Data == 400 uM Gen

i i hown is mean +- SEM;
i i 3 innate immune response, leads to S r 3
species in Ce"S) lower seizure penetrance.? Mann-Whitney test

» Associated with increased activation of (uncorrected); 1-3
seizure assays; 7-10
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Problem

Current Therapuetic Patches Are Not Biocompatible

Contemporary therapeutic patches fail to
J . compensate for the anisotropic
- ".‘ ... deformation of organs that are intrinsically
anisotropic or auxetic (negative Poisson's
ratio) (Chansoria et al., 2022).
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In addition, patches made from
synthetic polymers often lack MO e O)J\/
biocompatibility, which may cause a o) "
negative immune response in the body
(Fernandez-Yague et al., 2022).
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Research Goal

Engineering Goal

Develop a therapeutic patch that accounts for the anisotropic
deformation of organs, such as the heart, through the use of
monolithic proteinaceous non-synthetic materials.

Materials

« InkRedible3D Printer
« Silk Cocoons

« Ultra Pure Water

« PDMS

« Lithium Bromide

« Dialysis Tubing

« Enrichment Cassette
« Salt bath

Approach

Accounting For anisotropic deformation
5%

o L S
~ -~

Auxetic patch design, such
as the one seen to the right,
has demonstrated the ability to
account for the anisotropic
deformation of organs.
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Biocompatible Materials

To account for the lack of
biocompatible hydrogels, silk
fibroin was developed inside
the Mu lab. This silk fibroin is
capable of being 3D-printed
to create the therapeutic

patches in this project (Mu et
al., 2022).

Methodology

Silk Cocoon Harvesting

ey R O

Silk Boiling/ Rinsing Silk Dialysis/Ce

Dissolving Using LiBr

ntrifugation

Results
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Discussion

Auxetic Design Implications

The results indicate that the project goal has not yet been
reached, and the patches are not yet ready to be produced. The
stretching of the designs often led to tearing, indicating that more
layers are needed so that the patch can reach its fully stretched
auxetic state.

Future Auxetic Designs

Future patch designs will incorporate two significant changes:

» First, the layer count of the patches will increase to prevent
tearing when under significant strain of 20% or more

* Second, the size of each unit in the design will increase,
which will decrease the overall number of units per patch. This will
allow the strain and auxetic performance to be equally distributed
across the structure.

Conclusion

Application of Tissue Patches

- Rapid Recovery of Organ-Based Surgeries
= Through using a biocompatible nonsynthetic material, cells are
able to regenerate and grow on the patches. This will allow for a
speedy recovery from injury or surgery.
- More Effective Small-Scale Bandage
- Heighten cell regeneration.
- The auxetic design can account for the stretching of smaller
appendages such as the fingers and feet.

Summary

« Contemporary therapeutic patches are unable to account for the
anisotropic deformation of organs and may cause negative
Immune responses due to the nonsynthetic materials used.

« Testing indicates that the therapeutic patches created from silk
fibroin, while functional, would likely become stronger with fewer
units and more layers.
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Introduction Results & Discussion
Degradable and Electrically Conductive Polymers (DECPs) NS Polymerization
‘ * Biomedical applications: drug or gene General Monosulfide Polymerization Scheme Monomers Used: Ureas vs. Carbamates
5SS delivery, tissue engineering, and medicine ) 5 (a) i (b) )k
\ = -+ lIdeally nontoxic, stable, and cleavable (a) )]\ . sc, —EN o )‘\ . AN S Z’?f 9. SI{VfPOI};(”ef ? in solution with
DMF, -61°C i Ifferent functional groups
« Have controlled degradation in the body d o d % /\/\ )J\ " )k Monomers used (leg-rigﬁt): urea,
: Flg 1. DECP biosensors formed on flexible substrates 0 0 h " 1,1-dimethylurea, butyl carbamate,
Kenry & Liu, 2018 ) /
(Kenry ) (b) )J\ tert-butyl carbamate, phenyl carbamate
Et3N "
™~ +  SClh T ™~ )J\ e All polymers were synthesized using a
Polymers based on Polythiazyl (SN), _ : T h e T \T/ > @\ )k /\ )k i 8.95[.?1 létio of amineymonomer to ’ -
 Conjugated backbones with S-Nbond _ il o rn—o—nlo , S o k , S,Cl,)
| | —NTS—N=S=NTS Fig. 7. Polymerization of derivatives of (a) carbamates and (b) ureas.  Fig. 8. Derivatives of (a) carbamates 1H NMR of M 1H NMR of Pol
» Stable and easier to alter properties G In® DMF was reacted with S,Cl, to produce a monosulfide transfer reagent.  and (b) ureas were reacted ot Monomer or Folymer
» Carbamates, ureas, and diamines Fig. 2. Polythiazyl Structure Effects of Molar Ratios on Polymerization
have yet to be studied as monomers (Paudel et al., 2023)
LN : : S Solubility (a)
Pon[(N,N-phenylamlno)ilsulflies] Poly[(N,N-amino)sulfide] Amine : S,Cl, Color Water Brine
NH S\n-STh , S\
‘ \ Sl BN agene BT Dy . 4N . 0.92:1 Dark red Soluble Soluble
SQC|2, NEt3 @ ' ' @ . .
0 Aon Ladrss | BN 3
=9 G RR L =1een R R R-H 0.95:1 Orange Insoluble Insoluble Ia ' ML : J
R A/”--‘- ‘m‘ ,..-.. R i B -1 0, cF,ocH; | { A i —JWJJ ) ML
o i . 0.97:1 Yellow Soluble Soluble — e e
— S e ‘ ’ Ereo— Fig. 11. The "H NMR spectra of the butyl carbamate monomer and its
Fig. 3. Synthesis of Poly—N ADs Fig. 4. Synthesis of Poly-NAS Table 1. Optimization of molar ratios for greatest isolated yield of Fig. 10. (a-c) 0. 92, 0.95, and 0.97 | corresponding —~NS- Polymer were obtained (400 MHz, CDCL;). A broadening
Grace et a u , . . : .
(Grace et al,, 2021) (Paudel et al,, 2023) SN backbone polymers synthesized from butyl carbamate equivalences amine : S,Cl, respectively. of peaks suggests the successful synthesis of the polymer
Hydrogen Sulfide in Agriculture > NSS Polymerization
Fig. 5. H,S releasin | . rgs c : -
d,-guty,dﬁh,-ophospﬁate fertilizer General Disulfide Polymerization Scheme Quick 2-D Printing
found to significantl : S Fig. 13. Polymerized f
i Ly g 12 et 83 e o
: . : 2 scl, —oe of polymerization o \ )
Tukey—Kramer test. rown etal, 2021) B | | e ‘ s 2% Bem, 61c L diamine derivatives | ?3 ; g 5D ?rpel?rc;f;?ggg)la;eie
. ' 0 | 0.,\? | 1 2 tO yleld 'NSS' \
Dibutyldithiophosphate (kg/acre) / = pheny/enedlamlne
Research Question ‘ Y& backbone polymers == (d) 4,4"-sulfonyldianiline
How can a series of polymers with conjugated —NS- and —NSS- NHz fN 0, 0
backbones be synthesized, isolated and characterized? /és\ /N>\ >
y : oo O, } ,‘ T
- -+
MethOdOIOgy These brightly colored —NS- and —NSS- backbone polymers are stable in organic solvents and ideal for applications including drug/gene delivery,
y y y

sensors, medicine and fertilizer. In addition, they can be easily printed for biocompatible devices and act as colorimetric sensors.
Synthesis and Isolation of Polymers

Warm Conclusion Acknowledgements

N, Purge Cool to -61°C Add Dropwise

Amine + « Polymers with conjugated —-NS- and -NSS- backbones were produced, and Thank you Prof. Bowden and Shanari Wickremasinghage for mentoring and supporting
DMF + their synthesis was confirmed using '"H NMR. me during this great experience. | would also like to thank the Bowden Group.
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Introduction of Islamic Faith to
West Africa

Islam first arrived in the North
African Sahel region through Arab
traders and later spread to Ancient

Ghana and the zone of Kanem in
West Africa. Wherever Islam
spread, Arabic, considered the
language of the gods in Islam,
would follow. Therefore, Arabic was
used by African scholars and
became an important part of
education in Africa

What are Ajami
Scripts?

» African Languages

written in Arabic Script. .
* Like how European D347

languages adopted
Latin Script and
Japanese adopted
the Chinese Script.
* Many manuscripts

are in Arabic but have

glosses in Ajami
languages.

/ The Ajamization of
Islamic Manuscripts in
Arabic: An examination
of Islamic faith and
Arabic script in West
African Manuscripts
from the 17th to 20th
Century

[ Results ]

| recorded a total of eleven manuscripts. For each manuscripts

Collection of
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recorded, | also included a paragraph description, and information such
as languages, scripts, forms, script format, material, find date, place of
composition, current location, content, religion, coordinate location,
and additional information on the appearance of each manuscript such

as height and dimension, whether the manuscript is a colophon or

palimpsest, and more.
* Multiliteracy of West African Scholars
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Significance

African manuscripts have been
under-represented in
historical research and have
often been dismissed or
destroyed
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GPR for lonized Particle Energy Prediction

Reducing Computational Cost of WDM Simulations using Machine Learning

Kat Carver, Gabriel Smith, William Van Benschoten, James Shepherd
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Warm dense matter (WDM) is a classification of states of matter C 1(d) = Uzexp(_\/ p (Zp S -v(é? _l).)' J2p yp-1 1 Matern Covanance’ |ncreas|ng the Ihe Matérn kernel family (Squared Exponential and Matérn >
within the temperature range of a plasma (0.1 — 100 eV) and the "2 P prigbip —Le P E) demonstrated unparalleled accuracy.
density of a solid. It can be defined as having its coupling (I') and The generalized equation for Matérn covariance where v =p +; p € N* Value Of \' . The covariance matrices generated using the Matérn %function,
degeneracy (0©) parameters near 1, as defined by the equation | . . | as modeled by the generalized, equation yielded the best
2 Ak T T B =y « Asv (varying fromyv = V= and v — oo approaching
F —_ Z e /4‘7-[60 B __E 0.005 j 0.005 . o . . . . results Overa”.
WDM can be modeled: however, its computational cost is < oo < oo infinity) increases, a noticeable trend is observed with the
' . ,. ' . . gc BN gc g prediction graph exh|b|t|ng gradual Smoothing. ¢ Only d feW kel’ne|S pI’OdUCGd UnfaVOI‘ab|e reSUItS, Most
substantial, necessitating the exploration of cost reduction "D > -00101
_ . . 0015 e T S —— . performed reasonably well and were able to be further tuned
strategies, in this case, Gaussian Process Regression. Gaussian . " 111 1 . " M(‘_m 1 »  Matérn - displayed considerable dispersion in error bars, through adjusting the hyperparameters.
Process Regression (GPR) is a versatile statistical technique used to HFCI FFCI whereas an increase in v resulted in error reduction, . . o
. . . . . . . . « Some covariance functions excelled at predicting extreme 3
model complex systems and predict outcomes with uncertainty Graphs produced using the generalized especially noticeable in the case of the squared . . .
. . . . . Matérn formula: . values, while others performed better at intermediate B values.
estimation. It employs Gaussian processes to infer relationships exponential. o .
. . L. . . S 00001 v=3v=2v oo We found that through multiplying kernels, the resulting graphs
from data, making it adaptable to diverse applications in science and 2 T2 o o . . . o
engineering . Hyperparameters: * Matérn S exhibited acceptable fitting performance across inherit properties of the graphs produced originally.
| ing. ' '
A T S P P P 6=10;p=10 the entire range, upon which Matérn gshowed marginal
3
e i improvement.
Research Question Future work
, 7 et o . . L .
2 Matern — on Eq uilibrium H4 To enhance the predictive capacity and applicability of Gaussian
How can the composition of a Gaussian Process 2 0.015 process regression in ionized particle energy prediction, further
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Assessing Anti-Seizure Properties of Antioxidants Gallic Acid and Allyl Disulfide

'"The Nueva School, “Department of Biology, *Department of Pediatrics, University of lowa

RESEARCH OBJECTIVE

To assess the effectiveness of two antioxidants,

gallic acid and allyl disulfide, in suppressing
myoclonic seizures in pksr’e mutant flies

INTRODUCTION

Epilepsy is a neurological disease characterized by recurrent seizures and affects
over 50 million people worldwide. Despite a wide variety of anti-epilepsy drugs
(AEDs) on the market, approximately one-third of epilepsy patients do not respond to
available therapies and two-thirds report adverse side effects.’

The prickle gene found in Drosophila melanogaster expresses two adult isoforms:
prickle-prickle and prickle-spiny-legs. Mutations in the prickle-spiny-legs (pksr'e)
isoform lead to myoclonic seizures and locomotor defects in flies akin to those
observed in human PRICKLE patients.?

Research in the Manak Laboratory has revealed a significant increase in oxidative
stress in pksr’e mutant neurons, which activates the innate immune response (lIR) in
glial cells. This heightened I|IR activity promotes neuronal cell death, fostering a
positive feedback loop that further amplifies glial IR activation and culminates in the
escalation of the seizure phenotype and epileptogenesis.®> Given the connections
between oxidative stress and epilepsy progression, we decided to test whether two
antioxidants, gallic acid and allyl disulfide, had anti-seizure properties in our fly
epilepsy model.

In this research, we discovered that the two antioxidants, gallic acid and allyl disulfide,
do not have anti-seizure effects in pksr’e mutants. These data serve to augment
existing antioxidant drug screening research in Drosophila and assist in the discovery
of novel therapeutics for managing epilepsy, particularly in cases unresponsive or
averse to conventional AEDs.

Figure 1. Tissue-Specific Gene Expression in Figure 2. Overexpression of Superoxide
Drosophila via the GAL4/UAS system Dismutase 1 (Sod1) Pan-Neuronally

Suppresses Neuronal Cell Death
Mcisaiiod

5 UAS

Figure 3. Overexpression of Sod1 Suppresses pksr'e-Mediated Myoclonic Seizures
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In a Drosophila Epilepsy Model
Oliver Cho'; Brady Williquett?; J. Robert Manak, Ph.D.?°

METHODS

Drosophila Stocks:
« The pksrle mutation was outcrossed into a w’""® background.
pksrle/pksrle (w'"8) flies were used in all experiments.
Gallic Acid and Allyl Disulfide Feeding:
« Drug food was made by combining standard cornmeal
molasses Drosophila medium with gallic acid (10uM,
100uM, and 1mM) and allyl disulfide (20uM, 200uM, and

2mM).
Spontaneous Seizure Assay:

« pksrle/pksrle flies were either treated or left untreated with
drug throughout early development and then up to 7-10
days post-eclosion at 25°C.

« 10 male and 10 female flies were mouth-pipetted into a 20-
well plate and recorded for 5 minutes.

« Seizures were assessed by eye with a Single'b"nd SetUp- Figure 4. Seizure Assay Camera Setup Figure 5. 20-Well Plate

RESULTS
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Figure 6: Gallic acid-enriched diet does not decrease spontaneous seizure activity in pksf’¢ mutants.
Quantification of seizure events in sple/sple mutants on 10uM, 100uM, and 1mM gallic acid. ns = not significant.
Mann-Whitney Test, Error bars: SEM, n = 2-4 biological replicates, 7-10 flies per sex in each seizure assay.
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Figure 7: Allyl disulfide-enriched diet does not decrease spontaneous seizure activity in pks?’¢ mutants.
Quantification of seizure events in sple/sple mutants on 20uM, 200uM, and 2mM allyl disulfide. ns = not significant.
Mann-Whitney Test, Error bars: SEM, n = 2-4 biological replicates, 7-10 flies per sex in each seizure assay.

CONCLUSIONS

« Neither gallic acid nor allyl disulfide were effective in
significantly suppressing pksr’e-mediated seizures at the
concentrations tested.

« While not statistically significant, 10uM GA in males showed

a decrease in seizure penetrance.

« In females, all GA concentrations showed a decrease in
seizure penetrance.

« For allyl disulfide, 200uM showed a decrease in seizure
penetrance in females only.

FUTURE DIRECTIONS

« Redo experiment with more flies to increase statistical
power.

« Improve accuracy in calling spontaneous seizures.

« Try a combination of gallic acid and allyl disulfide.

« Increase drug concentrations to determine whether higher
doses might be more effective in suppressing seizures.




LWorking Towards Optimized Commercial Production of AAO
As a Substrate for CdTe and CdSe Electrodeposition for Use in Solar Cells
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Background

« One of the major issues facing the world today is the greenhouse effect from non-renewable
energy sources

e Hydrogen is one of the most abundant and efficient renewable energy sources and thus
presents an enticing commercial

« Cadmium-based semiconductors such as CdSe and CdTe are commercially viable in the United
States and can be used in photovoltaic cells with the intention of producing hydrogen from
water (Nafaji et al., 2019).

« Currently, most commercial cadmium-based semiconductors use a closed space sublimation
technique to produce a thin layer of semiconductive material on a conductive substrate (Singh
et al., 2019).

« While thin films are currently cheaper to produce, they have many drawbacks when compared
to a nanowire structure which can be achieved by depositing the semiconductive material on
anodized aluminum (AAO)

« AAO is produced through an electrochemical system in which a working electrode of pure
aluminum (anode) and a counter electrode (cathode) are submerged in an electrolyte bath and
subjected to a constant voltage until the target current density is reached (Fig. 1).

« Anodizing the aluminum creates a surface network of nanopores into which CdSe or CdTe are
deposited upon to create standing nanowires, which are incredibly durable in addition to being
efficient due to their high surface area; essentially the AAO acts as a mold for the
semiconductive material (Kapoor et al., 2019).

* This project focused on optimizing the anodization process, specifically by testing the effect of
using an aluminum counter electrode as opposed to a graphite counter electrode

Figure 1 (Anodization Setup)
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Figure 2 (Raw sample to anodization and deposition)
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Figure 3 (Anodization curve) Figure 4 (PEC of samples anodized

in graphite and aluminum)

These results show a sample undergoing the typical anodization
process. The initially reflective aluminum develops billions of
nanopores, which results in a clear substrate. Semiconductive material
is then deposited onto the sample which results in a darker color. The
PEC results (Fig. 4) indicate that the samples anodized with graphite
and aluminum counter electrodes did not yield significant differences in
performance. This was concurrent with the hypothesis.

As there is no significant difference in performance, the next step
in this research is to view the nanopores themselves using a high-
resolution scanning electron microscope (SEM). If the nanopores show
no difference in structure, the next step would be to test an aluminum
oxalate buffer. The aluminum oxalate would act as a Bronsted-Lowry
strong conjugate base and the solution would be highly resistant to pH
changes. With both an aluminum working and counter-electrode the
oxalic acid solution could maintain a high purity for many anodization
runs, which would cut costs in a commercial setting.
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L Modifying piggyBac transposon vectors for high efficacy Factor Vill gene transfer to
mediate Hemophilia A phenotypic correction
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Introduction Methods Results: FVIII Activity
Hemophilia A {,’;ﬂ%oﬁﬁ B Amp R 2.0- Fig 1. Hyperactive piggyBac transposase (iPB7) catalyzed
« X-linked genetic disorder affecting ~1:5000 males. Amp R ' PMBT* D/ & Integration of modified FVIII gene transfer vectors alters
+ Characterized by deficient Factor VIII (FVIII) protein levels PMBT N }mgin AT £ 15 5 Pl Eemvigl Une 2828 AE-60ulI HEDID il [PIE-EeISY | = 2iDID-
Y P ' S£rgin 5 TR 2 Mlul.fix vectors were delivered to Hemophilia A mice via
R mAlb > hydrodynamic tail vein injection with a 1:1 (25 pg) vector-to-
Ploodvesselrupuie Blood coagulation cascade. enhgger C2 A2 s 109 transposase injection ratio. A chromogenic activity assay was
e Ee— FVIIis a cofactor in the PB-coFVIII-BDD- prgfn'?ter FLFVII_wtB_pUCS57 - S T conducted to quantify FVIII activity levels from isolated plasma
Y [ CommonPathway) pathway, initiating the puCS7/ a C = 05 ¢ ® within three days post-injection in comparison to old PB-
‘ — conversion of thrombin for the = e o * COFVIII-BDD vector activity. Wild type (WT) mice (C57
T O development of the platelet- C2 - AT 0015 cope—gp & background) and Hemophilia A mice (C57 background) served
Factor Xa fibrin plug in response to injury. site : NN A A A as positive and negative controls, respectively. Data represent
} C1 -4 T L L& R R R mean + SEM; 1 IU/mL = 100% FVIII activity.
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s Image 1. FVIII Plasmids. A) piggyBac transposon vector expressing the codon-optimized & Qod Q)QQ' ,05 Normal >0.50 activity ranges in
- If Hemophilia A is left untreated, resulting hemorrhagic and FVIII gene with 14 amino acids in place of the B-domain. The Mlul site of interest is shown. ¥ Og@' <<4\\\’ 34 Mild HA 0.05-0.50 relation to
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excessive bleeding events may lead to death. B) Full Iength FVIII with the A1-A2-B-A3-C1-C2 wild-type domain structure. S @’(’O Moderate HA 0.01-0.04 SH:Vrgﬁfyh:ng (HA)
» Current treatments have limitations: Re-Codon-Optimized Site Directed Restriction Enzyme Ligation* < Severe HA <0.01 |
* Intravenous FVIII protein replacement therapy: Plasmid Construct Mutagenesis O\i

Limitations: frequent injections, costly, inhibitor formation Conclusions

* FVIII gene transfer via viral vectors: A 2023PB- | | | o |
ot COFVIII-BDD  Delivery of PB-coFVIII-BDD + IPB7 seems to increase FVIII activity levels in
N Class Il Transposon N Hemophilia A mice back to normal, comparable to levels in wild-type mice.
y 2 . .
Delivery 2023PB.  The old PB-coFVIII-BDD vector achieved greater FVIII activity than the newly
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’ ’ " -arge cargo capacty D= 51 length FVIII insert (7.1 kb) in comparison to the piggyBac vector (4.8 kb).
Our approach * Next steps to take include ligating smaller sections of the insert into the
vector at a time or adding dummy DNA to extend the vector backbone.
Limitations
| Bac transposon-mediated gene transfer of FVIIl is a « Small sample size per treatment in the chromogenic FVIII activity assay.
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promising treatment avenue for Hemophilia A. O o « Because the modified vectors were tested in only one mice each, we
. CQJS%) @) cannot be certain of the significance of our findings from Fig 1.
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domain may lead to safer FVIII gene sequence back to the native sequence - L L Staber, Janice M, Pollpeter, M. J., Arensdorf, A., Sinn, P. L., Rutkowski, D. T., & McCray, P. B. (2014).
transfer and increased activity. may lead to higher FVIII activity. Sl Cene Positlen (pps) 2,090 2,100 piggyBac-mediated phenotypic correction of factor VIII deficiency. Molecular Therapy - Methods &
o _ _ _ Clinical Development, 1, 14042. https://doi.org/10.1038/mtm.2014.42
2023PB-coFVIII-BDD Image 2. Codon-optimized, B-domain deleted FVIII gene sequence showing successiul site Ward, N. J., Buckley, S. M., Waddington, S. N., VandenDriessche, T., Chuah, M. K., Nathwani, A. C.,
Re-codon-optimization accommodates for up-to-date codon bias to further directed mutagenesis at base pair 2,100 in creation of the PB-coFVIII-BDD-Mlul.fix vector. Mclntosh, J., Tuddenham, E. G., Kinnon, C., Thrasher, A. J., & McVey, J. H. (2011). Codon
increase translational efficiency of the FVIII gene; thus, we expect higher (Credit: Sequences were aligned and visualized using the DNASTAR Multiple Sequence optimization of human factor VIl cDNAs leads to high-level expression. Blood, 117(3), 798-807.

FVIII activity in comparison to the older PB-coFVIII-BDD vector. Alignment program.) https://doi.org/10.1182/blood-2010-05-282707




Modifying Titanium Felt via Electrochemical Nitridation for Improved
Electrocatalytic Performance during Oxygen Evolution Reaction .. [lII

Ashley Fu 7, Prasoon Kumar ?, Abdulsattar H Ghanim PhD ?, Syed Mubeen PhD 2 UNIVERSITY
1 Chaparral High School, AZ, 2 Department of Chemical and Biochemical Engineering, University of lowa OF lOWA

Introduction Results

Water electrolysis (2H,0 — 2H, + O,) is highly regarded for its ability to transform
renewable energy into green hydrogen fuel.
In acidic media, two half-cell reactions occur:
« Hydrogen evolution reaction (HER): 2H* + 2e~ — H,
« Oxygen evolution reaction (OER): 2H,0 — O, + 4H* + 4e ,.
« Sluggish kinetics and the instability of available catalysts. S
 Highly oxidative environment for supports (i.e., Ti, C, ATO). B o [ oS
* Increases resistance.
« Lowers activity and stability.
« Substrate can be coated with Au, Pt, or Ir to improve electrocatalytic
performance.
« Cost and availability of material is a concern.
« Electrochemical nitridation to coat Ti with TiN.
* Good adhesion properties.
 Lowers resistance.
* Prevents TiO, formation.

5.0kV 5.0mm x3.00k

Fig 2. Sample A is a bare Ti-felt. Sample B was etched for 45 min. in HNO; and nitridated for two
hours. Sample C had the same conditions as Sample B, but Ir was deposited on it and tested using
Purpose LSV and CV (25 cycles) at a scan rate of 20 mV/s.

—
Y
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This study aims to investigate the effect of electrochemical nitridation on the
overall electrocatalytic performance of iridium-based water oxidation catalysts.

Method

Intensity (a.u.)
Intensity (a.u.)
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Binding Energy (eV) Binding Energy (eV)

(d)

Sonicating:
1. Ti-felt was sonicated in C3H,O, CH3;0H, C3HgO for 20 minutes to remove
organic impurities.
2. Ti-felt was sonicated in ultra-pure water for 20 minutes to remove inorganic

—
0O
S

Intensity (a.u.)
Intensity (a.u.)

Impurities.
Etching: S G e
1. Ti-felt was etched in concentrated HNO; for 45 minutes. s LR i N g ey lo)  BindogEnemy@Vl
Electrochemical Nitridation: EEE—
1. Etched Ti-felt was electrochemically nitridated in 0.TM HNO5; + 0.5M KNO;, for Fig 3. EDX elemental analysis of sample B (Fig Fig 4. XPS of TiN formation at various
two hours. 2) at x100K magnification. nitridation periods (0.5, 2, 4, 10 h).B!

Electrodeposition

1. Electrochemically deposited Ir onto the TiN
Electrochemical Testing Techniques

« PEIS, LSV, CV

Potentiostat

—— 30 mins

—— 45 mins

—— 60 mins IrO,/TiN

CE WE 90 mins Com. IrO,Catalyst
(Pt wire) (Ti-felt) ! . ! : ! . L . L . L .
1.50 1.75 2.00 2.25 1.50 175 2.00 2.25
Nitridation Solution E vs RHE E vs RHE
0.1 M HNO; + 0.5 M KNO,
Fig 5. Polarization curves of IrO,/TiN samples Fig 6. OER activity comparison of a IrO,/TiN
etched in HNO, at different times (30, 45, 60, i '
Fig 1. TiN samples were made and analyzed using a three-electrode system with a 3 90 mins) ( catalyst and a Cocrgr;T;cS:![ally available IrO,

Pt wire counter electrode and a Hg/HgCI reference electrode.

Conclusions

« Samples etched for 45 and 90 minutes in concentrated HNO5 performed

similarly (Fig 5).
« Higher activity and lower resistance.
* Does not create enough roughness for effective Ir deposition.

« XPS of nitridated samples concluded that two hours of nitridation formed the

highest amount of TiN (Fig 4).
« TiN converts to NH,* and NO5 as nitridation time increases.

« EDX confirmed the formation of TiN via electrochemical nitridation (Fig 3).
« After 25 cycles of OER activity testing at a scan rate of 20 mV/s, iridium begins

to crack and fall off (Fig 2).
 Indicates significant activity, but lack of stability
» The similar surface structure of sample A and B lacks nanoscopic
roughness

« IrO,/TiN was found to be better in terms of electrochemical activity than

commercially available IrO, catalysts (Fig 6).

Future Directions/Implications

* Etching Ti-felt in diluted HF or HCI may improve the electrochemical adhesion

of the catalyst by creating more roughness.
« HNO;does not provide enough surface area for Ir deposition.

« Etching time in diluted HF and HCI must be explored.

« TiN is arobust material

« Can be used to form dimensionally stable OER electrocatalysts under
extreme oxidative conditions
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The Role of B-Cells in Granuloma Formation in vitro
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Introduction: Sarcoidosis is a granulomatous disease PBMCs from LTBI patients form granulomas in vitro B-cells are not essential for granuloma

- Highly challenging to diagnose and treat .

- Due to inhalation exposure in a susceptible host PPD coated formation

- Characterized by noncaseating granuloma formation s I e ——— o |

- Granulomas can be modeled with immune cells in blood from ' g °' ; R 25 A) No RREERE No ?aefglzt;ig sample has
patients with latent tuberculosis infections (LTBI) and sarcoidosis B AR 3 Rl SE R Depletions, - 78 = e, = 2288 20 granulomas (A). CD19- sample
- Cell types and mechanisms involved in the formation of these Tt S R e S Ly s, DRELNIOIERTS P ey more el
granulomas is poorly understood Healthy VT % 4 AR B V10 e Tl S :;_j smaller in size (B). CD20-

i . {9 | ‘ R & . N e sample has similar frequency
SRR L, b L G = AR A G e R S d size of cellular aggregates
L m h nOde \ I 3 : : . . . : : R y 23 P gty Py o AR "t an
y° P - COntrO . i oL tag o 5} Bl S FLUNIAE AR SR L Rt W e to CD20- depletion (C).
mlgra'non Y N R i e s : Ty e Tl I PR 370 ko e, BSOS ,
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' cells
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Cytokines
(e.g., IL-13)
Innate immune
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Granuloma
inflammation formation

Hypothesis:

B-cell (CD19*, CD20%) depletion will cause a significant decrease in the granuloma D - e 0 Seh i, AT BTN 3
formation observed in patients with LTBI f.‘-".?‘-.-‘s; ARSI S S P S

LR R YT @ SRR B Vs e N S
In vitro granulomas after 7-day incubation with PPD-coated beads, healthy control vs. LTBI sample.

LTBI sample has granuloma formation and significantly more cellular aggregation than healthy

Experimental Approach: control sample. n = 1

e =3 Human Whole Centrifuged Periphera Freezing/Thawing does not affect granuloma
ood Sample 00 o o o
Mononuclear formation in LTBI patients

Cells (PBMCs)

Bar Graphs show
the difference in
Granuloma Score
between No
depletion, CD19-,
and CD20- (D)
and difference in
number of
granulomas
present (E).

S

RN
o
|

Frozen

Granuloma Frequency
@)
|

Granuloma Score

| | |
No Depl CD19- CD20- No Depl CD19- CD20-

Incubate Reoh® i A, oW S i B ¥ e A0 1 ey
B - cell depletion . - - L LT BRI ummary/Lonciusion
< U5'N9 columns s Ju 5, T e damad TN VAT K N . " £ AR PBMCs from LTBI patients form robust granulomas when incubated with PPD
. ,’ N coated beads

PPD g R ¢ Freezing and thawing process does not affect granuloma formation in model

(Un)coated el W LS AR Y SRR e L AR VWAL | : I CD19 and CD20 B cells do not appear to be essential in LTBI granuloma formation
in vitro
PBMCs from LTBI patients, in the absence of CD19 and CD20 B cells, form smaller
and more numerous granulomas when exposed to PPD coated beads
The addition of granuloma frequency to granuloma size scoring may provide
further insight into the role B cells are playing in granuloma formation

Analyze/Score Results
In vitro granuloma after 7-day incubation with

PPD-coated beads, fresh vs. frozen/thawed
samples (A). Samples have similar scoring (B, C)
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PARAMETRICALLY-GENERATED SOLAR CONCENTRATORS:
METHODOLOGY, SIMULATION, AND TESTING

Contributors: Sebastian Hazlett, Reyna Alam, Dorothy Zhang, Leonard Maxwell. Research Mentors: Associate Professor Dr. Fatima Toor, Daniel Keefe, Rezwan Mohammed Sayeed.

. 10x o
Introduction: +EEEEEEEEEEEEEE" Results:
- ciency by: cNEEEEEEEEEE000 o
Solar Concentrators found to increase solar cell efficiency by: I<_E . . . . . . . . . . . . . . Solar Concentrator Short Circuit Current
. . o Density (Jsc
1.  Reducing reflections in solar cell surface, busbars, and — . . . . . . . . . . . . . . y Usc
metal fingers
g © [l (o] (o) (=1 (=3 L3 L B B KSR EJEIET o
2 s dstance v absorbance o onge SEEEEEEEERREER | | .
e -SEEEEEEEREEEEE N ..
: uppressing radiative recombination (Hu et al,, i =
| SNEEEEEEEEEEEE £
The purpose of this study was: gig- 2: ?deglygor(')al Pa;g';%"g C?'l?e"tfatm's CZD . . . . . . . . . . . . . . h
enerated Using Open cripting i 0.034
— 1. To integrate the most up-to-date research on solar (height=60mm, radius-bottom=10mm) O . . . . . . . . . . . . . . i 2x 5X 10x
concentrator geometry, design, 3D printing, and reflective | Ololololelelefegelell e loE | |
coating to construct an efficient small solar concentrator | * etals Raflectivity # OF SIDES > | Foncentration Ratie
system within 5 weeks. 75 Fig. 3: Radiance Ray-Tracing Luminosity Results for ==Square Pentagonal Octagonal  ==@==Circular
- 2. To refine previous scientific methodologies in doing A= VSV S E N S Concentrator Matrix 3 Sides->256 Sides x 2X->13X i o - -
e (= higher lux . = lower lux) Fig. 9: Solar Concentrator current density generation
SO S\E 55 ! 1 i H
: results from solar simulator tests seen in Fig. 1.
Methods: Analysis:
Y ‘las 0 Cooper et al. vindicated by n->infinity superior light concentration
NSCAD Scripting Details: : .
Ope SC Sc pt 9 o performance for PPCCs. 5X and 10X Pentagonal PPCCs more effective than
OpenSCAD is a programmatic CAD toolkit by which script code 5X and 10X square PPCCs, vindicating Radiance tests but contradicting
generat.es 3D models. Used math of Cooper et al. to gerlerate polygonal e e\ N Cooper et al.’s findings.
para l:o lic gompountd 7028%"%‘“ (I;I:)ig) 3D. Tocfiels V'ahOF;etESCAD e T temerr T Amm e T Gome 2 e " vlJ N—gon Radiance tests have 2X pentagonal as lower-performing relative to 2X
SCTipting (Cooper et al, , ) ok 2 SCTIPLS Toreach orine Fig. 5: Reflectivities of metals sprayed onto smoothed hsorived- in CPC square PPCCs. Solar simulator results have opposite.
individual concentrator variations (see Fig. 1) automatically generated 3D-print pallets (control = smoothed pallets, no spray). Crus—Sechion ()= 4; . _ _ .
from template file via a shell script. ——proper Radiance also estimates circle performance incorrectly as lower than
. . . . - . — : | | . ————— [8-sided PPPCs for 2X and 5X. However, Radiance correctly estimates
0pt|ca| Simulations Of Concentrators Via Fig. 4: Mathematical Geometry of OpenSCAD Scripted 3D Models, whﬁrelqn superior 10X circular performance versus 8-sided PPCC.
(1) a + b = h * tan(©;) (2) m = kb* (3) h + m = ka® and (4) h = k(a®-b?)
Radiance: Finally, Radiance estimates a ring-shaped area of greatest luminosity

within the concentrator apertures, whereas the solar simulator clearly shows a
circle-area of greatest luminosity. Most likely surface imperfections not
modeled in Radiance caused the light reflections to “diffuse” into this circle.

We used an open-source command-line ray-tracing software
called Radiance to simulate top-down (0° acceptance angle) sunlight
hitting our concentrators (loaded into the program via STL models

exported from OpenSCAD). Fig. 6: Open.S.CAD & MATLAB code base ° .
P P . ) . . ] . ] for concentrator generation and testing. ConCI USIOn o
The ray-tracing scenarios thus described followed instructions in Radiance Ray-Tracing Results (With 256-Sided)
shell files executed by Radiance, with lux results in W/m*2 exported to Our tests confirmed the repeatability of much of Cooper et al.'s work.
High-Dynamic-Range (HDR) image files. 100 However, divergences between different modes of testing (digital and
. .« . .« . 0~ physical) and from literature suggest the desirability of a greater
3D Prints & Reflectlwty Testlng. 0| standardization and refinement of methodology than even the significant
3D-printed 12 concentrators listed in Fig. 2, chemically smoothed 0 progress we have made in the pursuit of such.

them w/XTC-3D coating. Metals sprayed on 3D-printed, smoothed flat

pallets. Controls set as default smoothed pallets. Chromium most E 50 Fia. 8: Solar Simul . iah ACknOWIngements.
reflective, 70-77%. Sprayed our twelve concentrators in Chromium ; g, [5: SOLar SIMUELar festing 1g pattem
' T m N ’ 5 (10X circular parabolic concentrator). Gracious thanks to the Belin-Blank Center, Toor Lab, Research Mentors

Solar simulator: | " S 30~ for scientific and presentational guidance!

Tested concentrators under |- o .
PV Measurements small-area solar ] References-
simulator using Sunnytech 3.19" x 0= . . . .
291" x 0.51” solar mini-module . Cooper, T., Dahler, F., Ambrosetti, G., Pedretti, A., & Steinfeld, A. (2013).
using setup below. Control solar cell Pelrformance of compound parabolic concentrators with polygonal apertures.
current density (no concentrator, just S : ] 10 Solar Energy, 95, 308-318.
10-mm radius aperture) was 0.0345 Concentration Ratie ® T ’ 4 Sidec Hu, T., Zhang, M., Mei, H., Chang, P., Wang, X., & Cheng, L. (2023). 3D Printing
mA/cm”2. 7. ™ A Fig. 7: Optical efficiencies of concentrators Technology Toward State-Of-The-Art Photoelectric Devices. Advanced

Fig 1: Concentrator Testing Setup according to Radiance ray-tracing simulation results Materials Technologies, 8(4), 2200827.
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Unlocking the Cellular Gateway: Unraveling Superior Transfection Techniques
Junning Hu', Mikhail Vasilyev MD?3, Guiru Ma MD>, Anastasiia Vasileva MD?%4, Michael H. Tomasson MD?34, Melissa L. Bates PhD?

Department of Biology, Western Reserve Academy, Hudson, OH'; Department of Internal Medicine?, Division of Hematology, Oncology, and Bone Marrow Transplantation?,
Health and Human Physiology*, Department of Molecular Medicine?, University of lowa, lowa City, lowa, USA

Introduction Results

Multiple Myeloma (MM) is a type of B lymphocyte cancer. A common _ _ Cell Viability GFP Flow
mutation t(4;14) occurs in around 25% of MM patients!. NSD2 gene is Table 1: Overview of transfection methods’ A ns B sk 3k 3k 5k 24 hours 48 hours
h?ghly expressed due to this mutation?. Pre\_/ious study ShOVYS that Transfection Methods ns ns | sk sk 3k 5k 123 KKKk KKKk KKKk KKk Kkokok Kk
different sequences of NSD2 translocated can impact the mortality rate 1007 [ & 507 — y—/ 1 . | |
: 3 : : : Cationic : = Q T *k%kkk HAkk kKK
of MM patients®. Howe.ver,_ most of them were done by knocking c_>ut the Tt o Biolistic Microinjection L_Llp:fetctlo_n Polymer Pﬁalcu:‘rr; — so. =X 40- X 10  kkkk kkkk skkokk _ 7 —
gene instead of knocking in. Our project aims to study whether different (Lipofectamine) = op)) osphate 52 o o o] |_ X 10.
sequences of NSD2 translocated impact the protein stability and patient | In vitro | | | 2 60- §30- .g % 8
mortality through gene insertion. Retrovirus is a type of virus that can | centype M'1°3%  ndvivo Invitocells mViroandvivo dnvitroand e ey S S ¢ 67 t 1l =
. . . . vivo cells cells vivo cells c O 20- o Q
integrate the cDNA of its RNA into host cell genome and produce its own cells 2 40- = 9 4- £ 4 i
copy shown in figure 1. Retrovirus’s ability to modify gene permanently* S o _— Inexpensive; ‘g_": 2 10- 9. a .
and efficiently makes it a common gene editing tool. Thus, we used Benefit transfection  efficient 1gh efficiency  High efficiency . .\ o ﬁ!"'_gh 20- ﬁ
Murine Stem Cell Virus (MSCV), a type of retrovirus, to insert different | SHIGIEney 0- © o 0- 0 1000 Iﬁ 500 I' 250Ul
variants of NSD2 gene into B cells. For the establishment of ya 0 © & o g S a 1000, 500yl 250p1 " " "
methodology, we compared three transfection methods, lipofectamine, | Limitation POSSP!®  possiple  Maximumof - Limited cel Fossbie | likEneselay E £ s 3 kkokok kkokok kKo skkkok kkokok Kok
calcium phosphate, and PEI, shown in table 1, to find the most efficient SNOTOXICY el ~eob cells types toxicity P S g g 9 50000 - 50000 - ‘ ‘ ‘
thod t d MSCV damage N — S o i )
me (()j O proauce - . PET Y ‘S S S = _| 1 kkkk skokokok skokokok _| 1 sesksksk skeok ok k skok sk k
mndoeyiosts L., axpp, CIUTANON 2T X% Note. This table, conducted as a result of literature review, shows the S E 3 5 £ ! < - ]
s A (G common transfection methods. S © 5 ! s : ’—‘
6l - SR g S c : c :
e A 5 h ol b 48+ & S 25000- S 25000
m o e s s Figure 3: Cell Viability and GFP+ percentage of HEK293T cells. (A) = 5 s
| g T e e f—"ﬁf\ B e o6 The cell viability is measured by light microscope and trypan blue; the = =
g - ~ 2 © W Pt e result is analyzed by one-way ANOVA followed by Bonferroni’'s multiple = : = :
‘ Transcription » § W e AT # e s .A' '.‘:f comparisons test. (B) The GFP positive cells after 48 hours is measured 0- 0-
2, Reverse v e _S_ 5 A T e by flow cytometry and analyzed by one-way ANOVA and Bonferroni's 1000 500l 250l 1000p 500pl 250l
‘ Transcription Integration — multiple comparisons test. B Lipofectamine
N Q ,
. o™ Transduction < L1 L2 L3 C1 C2 C3 P1 P2 P3 NSD2 expression g o prosphaie
ARLLARNRR § 152a kDa m NSD2 *kkk Figure 6: Quantitative GFP expression and MSCV titer
_ _ _ ; vl 1.97 st measurements. GFP positive cells percentage were quantified by
Figure 1: Retroviral Life Cycle®. The early stage and late stage of c e | T flow cytometry. The transduction unit per ml(TU/ml) was calculated
retrovirus replication cycle is shown. 2 42 kDa | - - - B-actin using data from flow cytometry. GFP positive percentage and Viral
@® titers were analyzed by two-way ANOVA and Bonferroni's
3 y y y

comparisons test.

Hypothesis

Figure 4: NSD2 protein expression. L-

Fold control
(@) () —
© a o
Lipofectamine I — -
_|
|

Lipofectamine will have the higher transfection efficiency for the E lipofectamine; C-Calcium phosphate; P-PEI. 11 CO“C'USiOnS
transfection of MSCV IRES GFP NSD2 Full length plasmid (10,824 bp) Protein was extracted from the 293T cells after % Ll
into HEK293T cells compared to Calcium Phosphate and PEI. 48 hours. The 20 g of protein was run on < 0- . HEK293T cells transfected with MSCV IRES GFP NSD2 Full length
western blot per each sample to quantity its ® plasmid by lipofectamine has the highest transfection efficiency.
Method expression. The expression level of NSD2 gene p= + Al three methods have little cytotoxicity to HEK293T cells.
e Ods B GFP+ Cells in 293T cells transfected with different methods ;' « MSCV produced by lipofectamine has the highest infection and
was analyzed by one-way ANOVA followed with - =
1, Transfection with 60- Bonferroni’s multiple comparisons test 2 ransduction efﬂmenc_y. i - -
Step 1 Step 2 Different Reagents 2, Cell Collection 3, Flow Cytometry 1 Time: b < 0.0001 p p : [T - The transduction efficacy has a positive correlation with volume of
Plasmid Complex After 28 hr ] A .t-p ~ O 0014 T 3 viral supernatant used.
O . X ] fgempEu » Viral supernatant collected after 48 hours has a higher transduction
Plasmid DNA S=2 A 040] TMmeAgent: p<0.0001 | | After 481rs: | inofectamine  Calcium Phosphate PE efficiency
/ 293T Cell | % ' A L|p0feCtam|ne E - - -
. 2, Fluorescent Microsco : 4 .
L\ o e I = Calcium phosphate E® Limitations
' pECOpac| —> /%\ F o ‘ . ] g ] * PEI C_:D-
@ O / ) v . ‘ £ \ 020-: = « The measurement of GFP+ cells by Imaged can possibly produce
asev 203T Cel e o m — imprecise results. Another cell counting software Cellprofiler
S N"oévlgghrgggngrg;‘g;f;E') 2. Viral Supernatant N : o% developed by broad Institute will be used to improve the counting
0O ) \ CoIIection(§4hr-48hr o 0: ~ measurement.
) i e 0 S 2 '0 """"" 4 '0 """"" 6I0 =  The viral supernatant will only be collected after 48 hours to increase
ros ol L 3 the viral concentration.
hours = « The experiments will be repeated in a larger scale to gain more
Figure 1: Experiment Overview. Virus and packaging plasmid were Figure 2: GFP expression in HEK293T cells. (A) Virus plasmid MSCV 219 accurate results and in more cell types to check the commonality
co-transfected with Lipofectamine 3000, Calcium Phosphate, and PEI IRES GFP NSD2 Full length was co-transfected with packaging plasmid S
into the target cells. Then, the GFP expression was observed using Eco pac in HEK293T cells with Lipofectamine 3000 (n=3), Calcium & ACknOWIedgement
fluorescent microscope periodically, and viral supernatant was ﬁggf:shca;[re]t rgi]c:r:ca))s,cc?re P(EI) 'I'(rr:;s)ércaerﬁa ceelel‘sn dwfcr)svtr? E?eGr\lé?Dd ousri]t(ijveer Figure 5: GFP expression under fluorescent microscopy. The | would give my greatest thanks to Dr. Vasilyev, Dr. Ma, Dr. Tomasson,
collected at certain timing. The images taken were analyzed by . pe. € P J J . P 3T3 cells were transduced by MSCV produced with Lipofectamine Dr. Bates, Dr. Vasileva, and rest members of IPG lab for offering me
ImageJS. After that, the cell will be collected and sent to flow cytometry cells in HEK293T cells is measured by fluorescent microscopy and _ - _ _ " - - -
t it GEP _ The viral tant collected will b ImageJé. The result is analyzed by ANCOVA test 3000 (n=3), Calcium Phosphate (n=3), and PEI (n=3). GFP positive such a great learning experience. | would also thank SSTP for this
O quantity sr expression. The viral supernatant coliected will be ' ' cell was recorded by fluorescent microscopy and counted by precious opportunity.
used for viral titration to determine the titer for future transduction. ImageJ®
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Integrating VR and GPT-4 Al Paradigms for

10WA

College of Engineering

Motivation

e | everage cutting-edge technologies to foster a more
comprehensive learning experience for flood
researchers and students

e Improve operational personnel's capability to
analyze data, monitor ongoing developments, and
make informed decisions in real-time

e Provide a platform for seamless communication
and knowledge sharing within the UIHI Lab

Introduction

Virtual Reality Artificial Real-Time
Hydroinformatics Intelligence Dynamic Data
Hub Chatbot Feed

Methodology

e Utilize WebXR API to allow the development of
the UIHI VR world using javascript

e Inference and implement a multimodal
language model (GPT-4) for users to interact
seamlessly using speech-to-text APIs

e Design functional hubs for Conferencing,
Twitter Feeds, Research, and Brainstorming

e Optimize for commercial VR Headsets (e.q.

Oculus, Holo Lens, etc.)
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Outcomes/Discussion

e Streamline and improve the efficacy of
Hydrology research

 Bridge gap between academia, research, and
industry through a one-stop virtual hub

e Promote interdisciplinary research
(Computer Engineering, Environmental
Sciences, Hydroinformatics)

e Transcend traditional boundaries in education
through technology

e Empower global research collaboration and
environmental stewardship

Future Work

e Integrate multi-user functionality, facilitating
collaborative learning for students

e Add an adaptive "VirtualTA" that could
generate learning materials for hydrology and
engineering students

e Create Research Rooms with interactive 3D
models of the UIHI Lab's latest technology

e Host Virtual Symposia in the Conferencing
Center
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Introduction Methods

Humans and animals alike use number to , , - - , , ST . | .
make complex decisions. Many theories aim Pigeon subjects (n=2) were trained in an experimental box (Figure 2) to discriminate the S+ (center of grid array; 9a/12n) from S- (anything but the

to explain this fact. The Approximate Number center). The pigeons had experience with unrelated experiments and were kept to 85% of their free-feeding body weight.

System (ANS) proposes that organisms have
Procedures

evolved specialized mechanisms to process
number (Brannon & Merritt, 2011). The

Pigeons were trained in a 2-AFC
discrimination task.

Figure 2. Experimental Pigeon Box Figure 3. Trial Example

Sensory-Integration model proposes that non-
numerical magnitudes influence the
behavioral control by number and that there is

no specialized system to process number

(Gebius, Kadosh, & Gevers, 2016). On each trial, a peck to the starting

stimulus presented 2 response options
on either side of the screen. Correct
responses were reinforced with food
pellets, but incorrect responses weren't.

To decide between these alternative theories,
we trained pigeons in a discrimination task
where size, area, and number were
manipulated to see their differential impact
on pigeon’s discrimination. Created with BioRender

Results

- Figure 4. Accuracy Density Chart: This Overall we saw that nonnumerical
2 | Qe density chart represents the accuracies to  Magnitudes (size, area) have more of an
7|9 each of the S- compared to the S+. Darker impact on number discrimination than
. |8 colors represent lower accuracy as the birds ~ humerical magnitudes (number).
— had a harder time distinguishing those  Further research should be focused on
| 3 squares from the center. As expected, on  how these magnitudes interact and their
A average, the darker squares concentrate  importance in other species, like
closer to the center, which indicates that the  humans (Lourenco & Aulet, 2023).
i birds had a harder time distinguishing
: 5 7 8101214161922 6 7 8 101214161922 Squares like the center than squares Reference
dissimilar from it.
2T T [ A T e Tl Number
| S s e e [ e 198 468 Brannon, E. M., & Merritt, D. J. (2011). Evolutionary
N 6 | 7 | 8 [ 10|12 18|16 19| 22 100 . . foundations of the approximate number system. In
' 2 Distancein Area Figure 5. Size, Area, and Number: The 3  Space, Time, and Number in the Brain, 207-224.
Eiaure 1. Full Matrix 90- = Distance in Size distinct lines represent changes accuracy as  https://doi.org/10.1016/b978-0-12-385948-
9 ' o a function of differences in area, number, 800014
The pigeons completed 160 trials per da 5 80 and size between the S+ and S-. The Sebuis, T, Kadosh, R. C, & Gevers, W. (2016).
.e P19 p. . . P . Y o / . . - Sensory-integration system rather than
with the correct stimuli staying consistent 3 o . ] steepest and clearest lines are size and area,  approximate number system underlies numerosity
as the center through the duration of the o -\./. followed by number (which has a very flat  processing: A critical review. Acta Psychologica,
final experimental period. The x axis . line), symbolizing that size and area :t7tz)'s1-/7/:1ii56rg/101016/j rei0sy.2016.09.003
represents number; and jche y-axis (nonnumerlcal) are relatlyely the most ourenco, S. F., & Aulet L. S. (2023). A theory of
represents area. Hence, the middle of the 5O --nrne e [Mportant out of the 3 magnitudes. serceptual number encoding. Psychological Review,
9x9 display would be 9 area by 12 number. 000 020 050 075 D}ffeoroégge 025 050 075  1.00 130(1), 155-182.

https://doi.org/10.1037/rev0000380
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Background Results Limitations
Diagnosing depression is often dependent upon a patient's own report B i- is indi

. . A Proportion of Subjects with Impaired and Unimpaired Chi-square analysis indicated *Time between lesion onset and date of
of their symptoms. Depression can also be measured by a collateral . that there was a significant

. L . Insight by Group ISPC rating (interval) may influence how
who knows the patient well, or a clinician. However, past studies have relationship between insight
L L . . collaterals report personality

reported significant discrepancies between self and collateral reports and agreement of the BDI and

disturbances in patients.

of depression (Chopra et al, 2008). Particularly in patients with Unimpaired Insight ISPC, x2(3, N=138)=13, p=0.005

Sample size for Lesion Symptom

s S Lowlo roup has qgreater : _
Research Ob eclive 0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100% WIOW group has greate Mapping was small (N=29).
proportion of subjects with
Percentage of patients

unimpaired insight (p=0.035)

dementia, lower self-ratings in comparison to collateral and clinician ANOVA analysis showed that in our

« Post-hoc analysis (Bonferroni

ratings of depression was related to impaired insight (Ott et al, 1992, correction) sample, there is no significant

Burke et al., 1998). However, this difference has not been thoroughly difference of interval in the 4

Lowhigh group has greater groups [F(3,133) = 1.21, p=0.31].

proportion of subjects with
impaired insight (p=0.004)

examined in patients with brain damage. impaired Insight 47 .82

The purpose of this study was to examine differences between self- Lowhigh mLowlow mHighlow mHighhigh

reported and collateral reports of depression in patients with Acknowledgments
. . P N . Figure 1: Proportion of subjects with impaired and unimpaired insight by group

brain lesions and determine if insight plays a significant role in

. . , , , | would like to thank Amber Thomas, Dr.
discrepant ratings. Patients with lower self-reported depression Boes, Dr. Tranel, and the Tranel Lab for

scores than collateral reports were hypothesized to C Multivariate lesion symptom their guidance on this project. | would also
N . . . , , , like to thank the Belin-Blank Center for
have significantly impaired insight. mapping was used to investigate oroviding me with this opportunity.

the neuroanatomical correlates of
impaired insight in this Lowhigh

Methods group.

Patients in this group did not have
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depression. In this context, the ISPC insight subscale can be used as an indicator of impaired insight, and thus give
the clinician an idea of the reliability of patient-reported depression scales.

Scan for sample demographics and lesion information by groups 6 scan e |
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Introduction Process Application
« Osteoarthritis is marked by the degeneration of an articular joint, « CT scans provide a map of the radiodensity =S — | * Once the model has assigned properties, it can be put into
which leads to disabling pain and loss of function. of tissues within a field of view, expressed ABAQUS, finite element analysis software.
« Total Ankle Replacement (TAR) is a surgical treatment for in Hounsfield unit (HU) values. « ABAQUS computes the mechanical response of a virtual implant
patients with end-stage osteoarthritis. * |n prior research, mathematical equations in bone subjected to externally applied loads. Bones with varying
. TAR involves removing the damaged ends of the bones and nave been derived that relate HU values to density yield different results in implant-bone micromotion.
. . :
cartilage from the ankle joint and replacing them with an implant. one density (Figure 2). p=0.114 + 0.000916 « HU « Micromotion is an indicator of failure risk; when micromotions
. : : : E = 6570 * pl37 : : :
. Success of contemporary TAR hinges on achieving early stability. These equations are a basis for computing p exceed 150 pm, fibrous ingrowth can occur instead of bony
the mechanical response of bone models to p = density of bone; HU = CT Hounsfield ingrowth, making it harder for the implant to succeed.
. units; E = elastic modulus (stiffness) of bone
. . applied loads (flowchart below).
0 bje(:tlve Figure 2: During a CT scan, an x-ray beam scans thin
slices of the body, creating a 3D image of the internal Arc Baseplate Micromotion
This study is based on the prediction that bone density around the structure through volumetric reconstruction.’ 200 . . . Elastic
| Y 15 Base pred 151 | CT scan of area —Patient 1 No Sidewalls, No Press-fit Modulus
implantation site influences tibial component stability. The goal is to around the ankle —Patient 2 '5000
use computed tomography (CT) scans to find bone density and gI 60 - Implant Pegs i ont 2 MPa
simulate virtual implantation to determine how density affects the .. . Mimics: = T & T !
Mimics: 3-Matic: Abblv densit MATL AB: o) o N
implant’s behavior and stability. Create 3D Optimize LRI It ° =120 - b e '
del of b model for equation to Generate code = ,_ 0 MPa
MOGdEl Of bone a repare model for ABAQUS O b
from CT efficiency Prepe : 3] ;
for simulation S gp - “
Structure o :
D B A AN 4 : s
QO Y RS 2 B PN S A"‘
N Z 40 - Anterior Anterior
Tibia
Fibula
0 I I I I I I I I I I
e Elastic 0 10 20 30 40 50 60 70 80 90 100
prosthesis dul % Stance
Talus Modulus Figure 8: Transverse cross-section 2mm above baseplate displaying elastic modulus®
. 2500 shows how lower bone density leads to higher micromotion
puotalar Talo- MPa .
t .
il Conclusions
« Through testing the virtual implants and analyzing differences in
Zi?fure 3: Comparison of elastic IZOd/U/II in4 micromotion, bone density was shown to influence implant
: _ L . ifferent patients. Cases 1-2 are healthy, cases .
Figure 1. (left) Graphical lllustrathn of a total apkle replacement and 3-4 are osteoporotic. Blue values are area where stability.
(right) an x-ray of the ankle following implantation.3 0 . . .
press-fit mechanics may be compromised. , , , ,
MPa « Bones with a larger elastic modulus are more stiff, which helps
« Tibial component of TAR is implanted in the distal tibia (Figure 1) keep the implant in place and reduce movement. This means that
. These prostheses are typically implanted with press-fit, relying having higher bone density is correlated with greater stability.
upon elastic recoil of the bone to hold the implants more strongly
and prevent early micromotion. ACknOWIngmentS
 Ability of bone to sustain press-fit is related to its density, which | would like to thgnk GabrleI C aIrke for his gmdapce, pr. Don Anderson
. o . for the opportunity to work in his lab, and the University of lowa for the
varies across individuals and can be compromised. access provided by the SSTP program.
« Measuring bone density near where the tibial component is
implanted provides a basis for evaluating how stable the implant Figure 4: Elastic modulus values Figure 5: Elastic moduli of implant contact Refe rences
plotted in region of interest above surface in healthy and osteoporotic patients
will be following surgery. tibial component of TAR. ‘ 1. Mayo Clinic. (2022, Jan 6). CT Scan, Mayo Clinic.
2. Florida Orthopedic. (n.d.). Ankle Replacement Rapidly on the Rise.
3. My Ankle. (n.d.). Ankle Replacement.
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Introduction Results Study Population
. Ehlers-Danlos Syndrome (EDS) is a heritable connective tissue Fig. 1 | ISTH-BAT of healthy and EDS subjects Human cohort EDS mouse model
. . . Healthy EDS patients,
_ _ EEEE Healthy control
disorder that often involves defects in collagen. % 6 EDeS"“ Y GOMTOR subjects, n=52 COL5a1+* COL5a1+-
. S " | | with normal ISTH-BAT score n=52
* There are 13 subtypes of EDS; most common types are hypermobile S 40 - £ 51 B DS with abnormal ISTH-BAT score - -
| 5 2 emographics “ m
(hEDS) and classical (CcEDS). 2 %0 - 84 Age (median, range) | 36(16-61) | 33(16- 69) \
. ° oo . ° ° . © Q —
« Common symptoms: joint hypermobility, skin hyperelasticity, skin 2 3 Gender
N . . w20 1 g , Female (n, %) 50 (96%) 50 (96%) Wild type (WT) EDS
fragility, chronic pain. % £ Male (n, %) 2 (4%) 2 (4%) , y :
S . o . . g 10 - S, = — littermate control  classical type
« Easy bruising is a major criterion in four EDS types (classical-like, E z ypes o
. . 0 - ot FAPAFAE —— hypermobile (n, %) — 25 (48%) " i £ h
Cal‘dlaC-Va|VU|aI‘, dermatOSpal’aXIS, and musculocontractura) and a 0 1 2 0123 45 6 7 8 91011 12 13 14 15 16 17 18 19 20 21 22 23 24 classical (n, %) — 14 (27%)  No known mutation of hEDS
ISTH-BAT Score ISTH-BAT Score _ , - -
minor criterion in five EDS types (classical, vascular, arthrochalasia, classical-like (n, %) - 11 (21%)
kyphoscoliotic, and periodontal) Fig. 2| Bleeding symptoms D — ~ =
yp ! p ) Table 1 | Characterization of the human study population
100- B Healthy controls (n = 52)
_god 77 EEEm All EDS patients (n = 52) - - & C I -
: i . Discussion & Conclusion
. 5
= % 60- 50 46
— // o4 « EDS as a congenital connective tissue disorder that carries a high risk
// 5 © 20- . . .
o of hemorrhagic complications.
Q. XpertDox d E: ok
 Overall, 62% of patients with EDS demonstrated an abnormal bleeding
S score.
. “ e . ° . .
HypothQS|s » The most frequent bleeding symptoms included bruising, muscle
Fig. 3 | Platelet aggregation and allb3 activation in EDS patients hematomas, menorrhagia, epistaxis, bleeding from the oral cavity, and
The bleeding diathesis in EDS patients is due to dysfunction of platelet A 032":37:“ . allb[iﬁ:gti;l;\tion A. Platelet aggregation bleeding after tooth extraction.
. . i B. Flow cytometry . o . . . . . .
collagen receptors GPVI and integrin a2f31. T oo ¥eee 5000 —me FOOW « Collagen-induced inside-out signaling and integrin allb33 activation
S o (%' \ 4000 are impaired in EDS patients.
1]
S = _ 3000- 2 . . : : . . :
] 607 % z % 1 Healthy subjects  Platelet function impairment in COL5a1+/- mice mimics that in EDS
Met o S ,E—< a0 [=]| & 2000+ Iil h ] EDS patients batients
@© © =
E| 204 |8 1000 ﬂ -
ISTH'BAT “3: 0 ﬂ 0- i | .
° resting CRP
. . | Acknowledgements
» Screening tool used to assess 14 different bleeding symptoms on a . . R - .
scale of 0-4 Fig. 4 | Platelet aggregation and allbpB3 activation in COL5a1-deficient mice
| , , , Collagen allbB3 activation | | would like to thank Dr. Chauhan and the members of the Chauhan Lab
- Used to characterize bleeding symptoms in the human study AL 0.5 pg/mL B (JON/A) o Datelet aggregation , , ,
ot T 07 e 12007 ere eoes - Flow cytometry for allowing me to have this opportunity, as well as Dr. Kumskova and Dr.
population. = | e0q . .
, o , £l 5o o 1000- I Ghatge for their invaluable guidance.
Light Transmission Platelet Aggregation £ ad ] - a0 e - 1 Wild-type mice
> 11 . = +/-
» Checks how well platelets clump together to form blood clots. E| ® T 600- =3 corsar f
P P tog o | | B e References
 Platelet-rich plasma sample with 2 x 108 platelets/mL. w | 10 ' 2°°T| I8
\O 0 I I +/- restin I
Flow Cytometry WT Col3af i 041 pgimL 1. Artoni A, Bassotti A, Abbattista M, Marinelli B, Lecchi A, Gianniello F, Clerici M, Bucciarelli P, La
» Used to analyze the activation and function of the integrin allbf3. Fig. 5 | Collagen-induced platelet signaling in EDS patients Marca S, Peyvandi F. Hemostatic abnormalities in patients with Ehlers—Danlos syndrome. Journal
. : of Thrombosis and Haemostasis. 2018; 16: 2425-31.
 Platelet-rich plasma sample with 2 x 108 platelets/mL. syk PLCY2 Talin-1 - o
] Healthy  EDS heatthy  EDS heatny  EDS 2. Jesudas R, Chaudhury A, Laukaitis CM. An update on the new classification of Ehlers-Danlos
Western BIOttmg Collagen iumeds S Collagen ey Collagen — pft'emi syndrome and review of the causes of bleeding in this population. Haemophilia. 2019; 25: 558-66.
e Used to determine the level of protein phosphorylation In EDS (vszsis2e) 150 kDa~ — _ i 280kDa ':“ — — —| Pl 3. Kumskova M, Flora GD, Staber J, Lentz SR, Chauhan AK. Characterization of bleeding symptoms in
subjects compared to healthy subjects. s O S mee 2002 RS v W) rain- Ehlers—-Danlos syndrome. Journal of Thrombosis and Haemostasis. 2023; 21: 1824-30.
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. . . capl e ® . w® 1.57 - N
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Parametrically Generating and Testing n-sided 3D-Printed Parabolic
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Introduction e~ Analysis
3D-printed solar concentrators have the potential to make | - Circular concentrators appear to be the most
solar panels cheaper and easier to produce while potentially g s efficient in real-world scenarios
increasing the efficiency of solar panels by reducing .
recombination and surface reflection losses. Our research - However, concentrators with lower numbers

focused on expandlng current work on 3D-pr|nted parabollc : - _ Fig 2. Depiction of photon mapping, the two-pass rendering algorithm Of SldeS more effeCtlvely dISperSG Ilght rather
solar c.oncentrators, SImUIaT[mg a'j]d testing Seve_ral hur.ldred s used to simulate solar concentrators. than fOCUSIﬂQ it on the center
potential concentrator configurations to determine which ~Inthe first pass, depicted in image A, photons are traced from a
were more efficient. photon port until they are either absorbed or reflected from the scene. = Real-world testing was limited in SCOope, and
Control 1 Copper 1 Aluminum 1 — Chrome 1 Nickel 1 In the second pass, depicted in images B and C, photons are gathered .
Copper 2 Aluminum 2 —— Chrome 2 Nickel 2 from the photon map and used to render an image from a specific further research is needed to better
viewpoint.

understand how concentration ratio and

Fig 1. Several squares were printed, chemically smoothed, and

Process coated then tested in a spectrometer. shape affect photovoltaic power output.
We first characterized the reflectivity of several different metal-based Resu |tS

paints in order to determine which paint would be used to coat the

concentrators. Following the results shown in Figure 1, we chose a Concentration Efficiency (3-12 and 256 sides, 2-30X concentration) Impact

chromium-based paint and used its reflectivity to model a material in Solar Concentrator Current Density

Radiance. e Siare = Gtianonel = Creuiar Over the course of the project, we traced over 500

We then used OpenSCAD, a script-based CAD million individual photons and used around 95 hours

modeling application, to model 319 different solar concentrators, °§ o . E: o of whole-processor CPU time.
using the design and equations established in the Al-Shidhani et al 5 : 007 Given the power output of the processor at full load
proceeding. = - s g 00 (80 watts) plus a rough estimate for cooling and
s concentration ratio — 4 g o8 i 005 other components, computing for this project likely
g_nun_sides = 3; £ 8- 5 004 " o emitted around
o et i s SO LM

g_parabolic_resolution = 0.2;

While this may be negligible, we hope to establish a

Fig 6. Concentrators were simulated by placing them

- t ol | o i e - - . directly below a solar concentrator, then focusing their precedent for future projeC’[S; photon mapping IS
oncentrator modeling was primarily done by modifying 5 variables; oncentration Ratio 30 # Sig output onto a solar cell and recording the short-circuit , , .
the values shown to the left create the 4X triangular concentrator e current. notorlously Computatlonally expen3|ve,[2] and future
shown on the right. Fig 5. Relatively higher efficiencies were noticed at 4, 8, and projects may choose to take on a Iarger SCOpPE.
. . . | 256 sides, and were used to select concentrators for further
We then simulated each concentrator using Radiance's photon analysis.

mapping-based raytracing (depicted in Figure 2). A montage of the
generated images can be seen in Figure 3.

After all images were rendered, we used MATLAB to determine the
concentrating efficiency for each model.
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Fig 4. This image depicts all of the information used
to determine the concentrating efficiency of a given
parabolic concentrator. D is an illuminance image,

EéEEEﬁEZZZiiﬂ;SSiZ;ﬂ@ Zgﬂrfu‘fe?clﬁ?ti?,?{“’e mage usedto determine the 0]0]0]0]0]|0]0] 0|00 0|00 ) ) 1. Al-Shidhani, M., Al-Najideen, M., Rocha, V. G., & Min, G. (2018). Design and
= NENEEEENONEEENEENNENENENENEEE W oo
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octagonal, and circular concentrators for further testing. These
models were 3D printed, chemically smoothed, and coated, before

being tested in a solar simulator, netting the results shown in figure 6. 3. U.S. Energy Information Administration. (2022, November 10). lowa
Fig 3. A montage of false-color illuminance images of our simulated concentrators. Electricity Profile 2021. https://www.eia.gov/electricity/state/iowa/

Concentration (2-30x) increases left to right, and number of sides (3-12, 256) top to bottom.
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Infroduction Results ~ Network  Pre-Period PostPeriod ~ zRand  Rand  Adj.Rand  Jaccard
Family Tree  1840-1861  1865-1900 265 056 006 020

Disruptive events substantially alter spatial and social

interactions of humans. (A) MigratiOn Pre-War

Although existing studies have thoroughly examined

the volumetric, temporal, and spatial impact of
disruptive events on human activities, the changes in A, # Regions increased from 3 to 4 in the post-period, with significant changes. All 4 regions in

stfructural patterns of human movement remain the post-period were substantial in size. Notably, Region 2, which originally consisted of
relatively unexplored. 7 the Virginias, expanded northwards.

Table 1 Partition quantified data of pre- and post-war migration network

The American Civil War drastically changes the way ': 45 Modularity shiffed from 0.374 in pre-war to 0.349 in post-war period. While similar
people lived, worked, and interacted with one | - modularity values suggest similar connectedness in migration networks, the post-war
another, and had immediate and long-lasting impacts T | | modularity indicates that states in that period were less densely connected in ferms of
on the structure and functioning of social and spatial ., migration flows, possibly due to the Settlement of the West and longer-distance moves.

Networks. & The z-Rand score of 2.65 is significant when compared with the z-Rand scores of 18.11
Migration regions are groups of spatial units with a high s . (for 1850-60 and 1860-70) and 13.85 (1860-70 and 1870-80) found in Koylu et al. (In
degree of connection internally but low interaction Modularity = 0.374 ‘ Review), indicating dissimilarity between the pre- and post-war regions.

with other subsystems. # of Regions = 3 The Jaccard coefficient of 0.20 indicates a significant overlap between the two
partitions.

“@Region 1 =71Region 3

Objective =3 Region 2 -Region 4 Conclusion

* Investigate the American Civil War's impact on human
migraftion.

« Understand how to utilize the Louvain method.

« This study demonstrates that the American Civil War led to a notable reduction in
migration connections within regions while increasing long-distance migration flows
between regions in the post-war period. Regardless of these ditferences, regions
derived from migration flows generated a significantly similar regional structure in the
US.

 The data used in this study accurately represents the native-born white population, but
Me'l'hOdS : BN not others such as Blacks, Native-Americans, or Mexicans.

« Utilized Known Node-Correspondence (KNC) 1o
examine the changes in community structures in pre-
and post-war networks.

Employed Louvain algorithm to identify migration > | n AcC knOWIngmenfs

network regions across the continental United Stafes. Modularity = 0.349 |

Used these regions within the US fo examine the # of Regions = 4 | would like to thank Dr. Caglar Koylu and Maryam Torkashvand for their menforship and
sfructural changes in spatial migration networks guidance in my research in the Geo-Social Lab at the University of lowa. | would also like
between pre- and post-war periods. to thank the Secondary Student Training Program and Belin-Blank for giving me this

Used a series of quantitative comparisons to quantify unforgettable opportunity.

the similarity of regions between partitions of pre- and
post-periods of each network including Adjusted Rand
Index, z-Rand coefficient, Rand coefficient, and ARTERF Selected References

Jaccard coefficient. S TG Refe re nces Koylu, C., Guo, D., Huang, Y., Kasakoff, A., & Grieve, J. (2020). Connecting family trees to construct a population-scale and longitudinal
g " geo-social network for the U.S. International Journal of Geographical Information Science, 35(12), 2380-2423.
Scan this QR Code to check out the full list https://doi.org/10.1080/13658816.2020.1821885
Koylu, C., Torkashvand, M., Kwon, H., & Kasakoff, A. B. (2022). Mapping migration regions and their evolution from population-scale family
of references! trees. Proceedings of the 6th ACM SIGSPATIAL International Workshop on Geospatial Humanities.
https://doi.org/10.1145/3557919.3565814
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Background & Purpose

[2+2] photocycloaddition reactions are cycloaddition reactions where two
molecules combine to form a cyclobutane-containing compound. Cyclobutanes are
a versatile and essential building block, holding paramount importance across
different scientific disciplines (i.e., pharmaceuticals, optoelectronics, and natural
product synthesis).l Cyclobutanes are reported to be difficult to form synthetically
using traditional methods, particularly in agueous phases; however, solid-state
[2+2] photocycloaddition reactions offer benefits such as they are environmentally
friendly due to the lack of solvents used, thus significantly reducing the waste
produced, and notably forms products in a quantitative yield (100% vyield) (Scheme
1). This is an ideal outcome in chemical reactions, as it ensures the maximum
utilization of reactants and minimizes waste, making the reaction extremely
efficient, environmentally friendly, and economically favorable.

O—H-Na. \

Scheme 1. Schematic of a solid-state organic [2+2] photocycloaddition using 1,3-
dihydroxybenzene (res) and trans-1,2-bis(4-pyridyl)ethylene (4,4’-bpe).

Overall Project Goals

Although very useful, scientists are still studying the mechanism of how this
reaction takes place in the solid state. While there are general assumptions, the
exact specifics of how the reaction initiates and progresses are still unknown. Thus,
the purpose of this study is to explore how a solid-state [2+2] photocycloaddition
reaction occurs, specifically how they are initiated through radical production.

A variety of techniqgues were employed to evaluate the photoreactive cocrystal
(4,4’-bpe)-(res)l?l  that forms  rctt-tetrakis(4-pyridyl)cyclobutane  (tpcb),
including nuclear magnetic resonance (*H NMR) spectroscopy, electron

paramagnetic resonance (EPR) spectroscopy, and powder X-ray diffraction (PXRD).

Experimental Methods

Synthesis

4,4’-bpe and res were weighed out in a 1:1 stoichiometric ratio, added to a 20
mL scintillation vial, and fully dissolved in ethanol. Vials were wrapped in foil and
covered in parafilm, allowed to slowly evaporate overnight to form white plate-like

crystals. HO\©/OH N/_\ \ =
N/

1 3 dlhydroxybenzene (res) trans-1,2-bis(4-pyridyl)ethylene (4,4’-bpe)

PXRD was used to
characterize materials before
and after photoreaction.

EPR was used to collect dose
studies to evaluate radical
formation.

1H NMR was collected to
evaluate the progress of the
photoreaction.

Results: *H NMR Spectroscopy, Powder X-ray Diffraction, & EPR Spectroscopy

Figure 1. Left - Single crystals of (4,4’-bpe)-(res) at 10x objective under a microscope. Middle — 3-D model representation of (4,4’-bpe)-(res). Right — 3-D model representation of tpcb.
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Scheme 2. Wire representation- of potential radicals formed in (4,4’-
bpe)-(res) upon exposure to UV light.
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Figure 3. 1H NMR spectrum of (4,4’-bpe)-(res) after
photoreaction forming tpcb.

Conclusion & Future Directions

Conclusion

 EPR shows the ingrowth of radical species in the solid-state [2+2] photoreaction.

* Only carbon-centered radicals are present in the photoreaction associated with
the bridging double bond of the 4,4’-bpe.

* A suite of characterization techniques paired with EPR allows us to monitor the
exact points of this reaction and what/how many radicals are formed.

Future Directions

 EPR temperature studies — would evaluate which type of radical is present during
the photoreaction (singlet diradical or triplet diradical). This will allow us to
understand the first steps in a solid-state [2+2] photocycloaddition reaction.

Figure 5. PXRD diffractogram of (tpcb)-(res)

Figure 6. EPR Spectroscopy of the dose study for (4,4’-bpe)-(res).
Carbon-centered radicals grow in as exposure to UV light increases.
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Introduction

 Joint space width (JSW) is the bone-to-bone
distance across an articular joint

e JSW narrowing is a defining feature of post-
traumatic osteoarthritis (PTOA) [1]

e Around 50% of patients with ACL injury develop
PTOA of their knee within 10-20 years post-injury [2]

e Weight bearing CT (WBCT) evaluates joints in
functional loaded positions, offering greater
sensitivity and accuracy than radiographs [3]

» We believe the screw-home mechanism (SHM)
causes JSW distribution in the knee joint to be
different in flexed vs. extended pose

Figure 1. Screw-home mechanism, by Kevin Tokoph,
2021. Retrieved from https://youtu.be/lyyv_4M2C3A.
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Purpose

Investigate differences in JSW distributions between

flexed vs. extended in intact and ACL reconstruction
(ACLR) WBCT scans of the knee.

Significance

e The knee is often evaluated in an extended pose

e Our research suggests the lowest JSW values are in
different locations when knee is flexed due to SHM

e Analysis of JSW in a flexed and load-bearing pose
may allow us to monitor the risk of PTOA more
effectively in ACLR patients

Connor Meng,! Tyce C. Marquez,?2 Donald D. Anderson?
College of Education, 2Departments of Orthopedics & Rehabilitation and Biomedical Engineering

Methods

« WBCT scans of the knee acquired for 43 patients = 14-years old
o 34 flexed scans and 19 extended scans obtained three months
post ACLR

e 3D JSW maps and models of the articulating surfaces were generated
using a fully-automated method (Figure 2) [1]

e Defined centroid of lowest 10% of JSW values as center of contact
(COC)

e Measured the distance between COC in flexed vs. extended pose to
assess the effect of SHM Figure 2

Sample 3D JSW Maps
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Results

 In both compartments, COC is positioned more anteriorly in the
extended than the flexed pose (Figures 3 and 4); it is placed more
medially in the lateral compartment and vice versa

» In ACLR knees, the average distance between COC in flexed vs.
extended pose is slightly larger than that of intact knees

» In ACLR knees, COC is in a slightly more anterior position than in intact

knees (Figure 5)
Figure 3
Sample tibial articulating surface - lateral compartment
Intact — Lateral ACLR — Lateral

L
585 7 6.70

Note. Black arrow is the vector from flexed (red) to extended (blue) COC

Differences in Knee Joint Space Width Distribution Between
Flexed vs. Extended Weight Bearing CT Scans
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Sample tibial articulating surface - medial compartment
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Figure 5

3D magnitude, distance, and standard deviation of vector from flexed to extended COC.
Adapted from "Knee Joint Menisci Are Shock Absorbers: A Biomechanical In-Vitro Study on Porcine
Stifle Joints" by A. Seitz et al., 2022. Retrieved from https://pubmed.ncbi.nim.nih.gov/35372324/.

3D Magnitude T Anterior
X Y z Distance SD
Intact - Lateral 4.48 -3.15 0.92 5.55 2.90

Lateral Medial

X
SF1N4‘i>

Y/ i Posterior

ACLR - Lateral 490 -4.47 0.95 6.70 2.89 - <

Intact - Medial -2.25 -5.59 0.52 6.05 2.27
ACLR - Medial -1.90 -6.84 0.54 7.12 2.37

+

Conclusion

e The difference in the location of COC is consistent
with the tibia's external rotation caused by SHM,
meaning SHM likely changes where the narrowest
JSW values occur in flexed vs. extended pose

-+

e Observed difference between intact and ACLR knees

is minimal and inconclusive, but this is at an early
follow-up time point

e Follow-up is ongoing, and more WBCT scans will be
obtained at one-year post-ACLR
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Introduction Methods and Results
Neurodevelopmental syndromes can range from Figure 7. Sondition — Emax ‘ET::mg:“: il o
manifesting through things like ADHD, ASD, global Figure 5 Iso DR - WT, R335W, R243C Luminescence WTRIE 100 100 100
developmental delay, and motor skill deficits. : ~ 00 enerated by luciferase L50R 78.25 75.7 83.75
Conseguently they )éften worsen the quality of life Diagram s "¢ WITRIB-Vosho gpon stimulaytion with R B 4062 8.269
. " - . e depictin / & el T T —4+ R335W-V5sh5 . : R243C 13 11.71 16.09
for afflicted patients along with their families picling ﬂTP £ 150 ] o isoproterenol in — — — ——
putting socioeconomic strain on them. molecular e < T oLl hippocampal and = 196K 1562 52.12 56,59
Figure 1. Data e\(entls Jupon f cAMP 2 0 cortical cells. R335W- YC155 158.4 145.5 85.54
Percentage of children ages 5 to 17 years reported to have intellectual from the Natlonal f;lm;}?;ion O é 25 - - 1 V5 Sh5 dlsplays a Figure 8' Table Contalnlng the prOpOrtlonS Of maXImum
dis:::ity(mental retardation), 1997-2013 Health Interview _en i Wy = f—H_H Severe.re.ductlon |.n. excitatory response with different conditions when
Survey S|gtha| gth t ife TN T g o o transcriptional activity ~ compared to WT in percentage form. All conditions except
- showcasing the Egnt:ivti}/te ti ' - Iso (nM) as compared to WT YC155 consistently display reduced maximum response
2.0%  — e _ — .
| prr]gl\cllalencgﬂc])f bioluminescen : R1B-VS sho. N=1 relative to WT. Figure 9. A, Luminescence generated
. iCntIe ||;ec?u\g: ce. This can - A Iso DR - % max WT - WT, R335W, R243C B Iso DR - % max WT - WT, Q167L, E196K py luciferase upon stimulation with
RN i —~ 1rq _ isoproterenol in HEK394 R1A KO
disability risin be used in a = 150 = 150~
y 1sing lucif = - WTR1B = o WTRIB cells. R335W and R243C show a
from .9% in 1997- uclierase ~ R335W . Y
e | CREB : == Resk o Q167L severe reduction in transcriptional
1997 1999 2001 2003 2005 2007 2009 2011 2013 2012 to 1 3_1 4 Ta reporter assay 100d —+ R243C & o .
o to make = = 1009 & E196K activity relative to WT R1B. N=3. B,
2011-2013. determination CRER (P) g 5 Luminescence generated by luciferase
_ o s regarding St S 50- upon stimulation with isoproterenol in
Figure 2. Protein Kinase A transcriptional N\ S £ HEK394 R1A cells. Q167 and E196K
(PKA)Is nactive in its activity based N 2 | L show a moderate reduction in
tetramer form. 3'5'-cyclic on the 10 100 1000 10000 © o 100 U 10000 transcriptional activity relative to WT
adenosine monophosphate . CREB (P) Isoproterenol (nM) ~
. expression of Isoproterenol (nM) R1B. N=3. :
+{CAMP] (cCAMP) binds to the P — Figure 11. Image
e L luciferase. : . '
regulatory subunits in this Figure 10. Image of hippocampal

form activating the catalytic

of the cortical neuronal
subunits. This translates to | '

hippocampal and cell culture. This

the phosphorylation of A P B = C /'\ cortical neuronal was stained with
downstream targets and gene /’ " A cell culture. This Glial Fibrillary
transcription regulation. 2 —} _} o is stained with Acidic Protein

. n @ beta Il tubulin a (GFAP), a glial

marker, along with
beta Ill tubulin as
a neuronal
marker. These

neuronal marker
confirming that
they are definitely
neurons. The

Figure 6. Diagram depicting procedures utilized when culturing iImage Is were the only glia
neurons. A, Coat 24 well plates with polylysine. B, UV radiate representative of we found
plates to sterilize them. C, Insert neurons into plate wells. D, After what was on the indicating that
waiting two days, use lipofectamine to transfect neurons. E, After culture slide. there were very
waiting two more days, do luciferase reporter assays recording few glia in our
/- Sl collected data. culture.
Figure 3. PKA tg%?gmer structure containing R1a _ _ _ ) )
regulatory subunit and Ca catalytic subunit. R335 PKA ObjeCtlve CO“CIUS'O"S and FUtu e Dll’eCthnS
R1B mutated residue is mapped to R1a subunits. The o | | | o
PKA R1a and R1B an 81% sequence identity with The objective is to _mvestlgafce .how dlﬁgrgnt_varlatlons the PKA Conclusions: Future Directions:
R335 being identical in both subunits. Ca = Gray, DD =  tetramer compare in transcriptional activity in order to learn more * The R1a KO cells and hippocampal neurons with the « Assess if these results are reflective of smAKAP’s ability to
Green, IS = Orange, CNA = Yellow, CNB = Blue. abc_)u_t PKA's func_tlon and implications that changes to it can have. R335W have severely reduced transcriptional activity. bind with R1B.
E196K This mformatlon,ls to b_e expanded on a larger s_cale to better *+ The Q_1 67L and E19_6K_ mutant§ c_zlisplay a moderate » Determine the underlying mechanism contributing to
Q1671 R243C R335W understgnd Pl_(As role n neurodevelopmental disorders as a whole reduc_tlon for transcriptional activity in the R1a KO cells neurodevelopmental disorders in a mouse model of the
l l along with their mechanisms. examined. conditions.
RIB -
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Introduction Native Blue Gel Oligomerization

Lipoproteins: responsible for transporting such lipids like triglyceride * Mutant Protein Expression 5 . Western Blot
and cholesterol in bloodstream e Site-Directed Mutagenesis of Plasmids
e HDL: carries cholesterol  HEK293 Culturing, Transfections and Harvesting |
 Chylomicrons/VLDL: carries dietary TG  SDS Page Gel Western Blots: quantify and visualize individual protein Large BiT Small BiT _ N |
] , . . o : Figure 4. Conditioned cell media
Lipases regulate lipoproteins through hydrolyzing free fatty acids into exp.re.s§|on | | | | 250 Native Blue Gel western blot of Poly
tissue * EL Inhibition Assay: serially diluted protein media, EL, and EL substrate added ) A3 tagged ANGPTL3 mutant
* Endothelial Lipase (EL): HDL to fluorescence plate reader D 150 expression. From left to right: protein
* Lipoprotein Lipase (LPL): triglycerides * NanoBiIT Luciferase EL Binding Assay: measure luminescence emitted from ‘v i‘ibsxte ladder, pEB14 WT, L120A N121A,
VLDL/ LgBiT tagged EL binding to SmBIT tagged proteins > 100 R139A L141A. Top band represents
chylomicron * Native Blue Gel Oligomerization Western Blot trimers of full length, bands 2 and 3
represent trimers with 1 or 2 cleaved
proteins respectively, bottom band
SDS Page Western Blot 75 represents monomers.
With A8 With A8
< i) o | i [ | Figure 1 (a) and (b). Conditioned cell -
s L 0 O 0 O m media (left) and cell lysate (right)
in green and ANGPTLS8 expression in onciusion

red. From left to right: pEB14 WT,
L120A N121A (pA42), R139A L141A
(pA51), ANGPTLS8 control, all with

* ANGPTL3 mutant L120A N121A cannot express protein
and thus cannot be assessed for EL and LPL binding and

ANGPTLS on the right, positive inhibition. However, mutant R139A L141A can bind to EL,
control, protein ladder. Lower bands though not inhibit.
implicate additional cleavages. e ANGPTL3 mutant R139A L141A cannot oligomerize.

ANGPTL3: inhibits EL, LPL, increasing plasma TG levels
* Forms complex with ANGPTLS to inhibit LPL (Chen et al, 2020). Fut Di ti
» A3 expression decreases HDL and inrreacac rhulamicran VI DL uture virections

Implications: EL Inhibition Assay EL Blndlng ASSHV * Perform RNA isolation and qPCR on L120A N121A

*  High plasma TG levels and < \ ANGPTL3 Mutants EL Inhibition EL Binding Assay and LPL Binding/Inhibition Assays on both
decreased HDL are risk factors 150 - 50000 - rr.\u.tants. , .
. diovascular diseases -e- pEB14 * Finish performing assays on the rest of the
n car ' - == ASAST o 40000- T mutants on the alanine scan table.
* Low ANGPTL3 levels P L 2 .
= @ * Generate a mutant mouse model to separating
_ _ ﬁ § EL and LPL functions in a physiological context.
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. The Effects of a Common Plastic Additive on Mating Behavior
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How do plastic additives affect behavior? Quantifying DMP effects on behavior Males mated more with brooding females
 Our environment is filled with chemical additives that could plausibly . A _ ] B
influence health and behavior. 2 =
NEGATIVE . 5 | ~ .
 New Zealand Mud Snail (Potamopyrgus antipodarum) are very sensitive CONTROL: — & : 8 = I
to water environments and are thus a powerful aquatic ecotoxicolo 8Os in HIGH (10°M): B : B3 0
P g 8Y carbon filtered 8 (T 2s's = : 7 S :
model system. water MEDIUM (10 M): T o : o 8- :
LOW (102°M): 8 G py's > £ “
8 O s s c S
 Dimethyl Phthalate (DMP), a chemical reagent of phthalates, is common \ / Sg’_ S -
in variety of household items. It is also a known endocrine disruptor. \/ s _ ' :
* Fed 3x per week ; ‘?—) g I
* Fish fry food to water ratio = 500 pg/260 pL E -
* Chalk to water ratio 260 pg/260 pL. ' ax :
* Housed in 300 ml carbon-filtered tap water (+ DMP for all but control) for 5 weeks = l ] | |
| Non-brooding  Brooding Non-brooding  Brooding

Fig 7. Male Preference During Mating Trials. (A) Males had the ability to choose between
mating with a non-brooding or brooding female. Males preferred to mate with brooding
vs. non-brooding females. (B) Males mated with brooding vs. non-brooding females for
significantly longer durations.

Fig 1. The New Zealand mud snail (Potamopyrgus. antipodarum) relative to a US dime. (A)

Lateral view of mud snail. (B) Multiple mud snails surrounding a US dime. Fig 3. Model for Assessing Male Reproductive Behavior Post-DMP Exposure. Male (M) is placed

Reproduction is influenced by a plastic behavior additive

eqwdlst.an.t from t’),ropdlng (B) ferr?aloe and non-brooding (NB) female. The snails are glvgn 2 hour.s to +  DMP negatively affects mating . Males preferred mating with
. . . mate within the 4” diameter petri dish. The frequency of mating attempts and the mating duration oo . , ,
New Zealand Mud Snails offer great models for studying ecotoxicology are calculated per 2-hour interval. behavior in P. antipodarum; brooding over non-brooding
effects increase with dose. females, and they mated for longer
Fig 4. Closer Look at the e Th Id b f durations with the former
| i i i .. Mating of New Zealand Mud cre cou c consequence.o _ S
= Usinga snail model to assess plastic toxicity Snails. The male snail moves DMP exposure for reproductive | * Why is unclear but could be linked
his aperture in alignment behavior in other organisms to higher fertility of brooding
* How does DMP (Dimethyl Phthalate) affect the reproductive behavior :c’;';hafgersg;:“;zk‘;‘;thl‘;Ce - such as humans. females §nd/or greater propensity
of New Zealand Mud Snails? il sheﬁ P of brooding females to mate.

* Relevant to human health concerns as well as ecosystem health.
* Use experimental approach to expose P. antipodarum to varying levels of

Future Directions

DMP and assess reproductive behavior. Fig 5. Photos of the 5-week exposure of
DMP for New Zealand M il Males, with . , , _
Hypothesis: or New Zealand Mud Snail Males, wit * How would male snail reproductive behavior change at even higher
Yp - four treatment groups containing eight sexual . ,
DMP negatively affects male reproduction because it represses androgen male snails each. concentrations of DMP:

 Will reproductive behavior in brooding vs. non brooding snails be

production, decreasing sexual behavior.
differentially affected by DMP? What about embryos produced after

Prediction: DMP treatment affects mating behavior DMP exposure?
. . ' . . b . * How do other reagents of phthalates affect reproductive behavior?
Frequency and duration of mating attempts by males will decrease with ° - A B3 B
. . e | e Could DMP affect humans? How?
increased DMP concentration. t S = |
w - ‘ I rann ‘ 8 :
: : o | 3
' L - ——
Male Brooding Female Non-brooding Female O R 5 _ 8 : Acknowledgements
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Fig 2. Snail Sexes and Embryo Brooding (A) Male mud snail rotating head left revealing penis— NC LOW MED  HIGH NC LOW MED HIGH

o o M;, S. S. J. (n.d.). Evidence for stronger discrimination between conspecific and heterospecific mating partners in
Fig 6. DMP Effects on Mating Behavior. (A) There was significantly more mating in the no-exposure  sexual vs. asexual female freshwater snails. Peer). https://pubmed.ncbi.nlm.nih.gov/36447513/

(negative control) group relative to the medium and high groups. * = p < 0.05, ** = p < 0.005 (B) The R project for statistical computing. R. (n.d.). https://www.r-project.org/
There was a trend towards decreased mating duration as DMP dose increased. Time-lapse video recording software. VideoVelocity. (n.d.). http://www.candylabs.com/videovelocity

highlighted by the white arrow. (B) Brooding female snail with embryos visible from exterior of
shell. Embryos are highlighted inside the white circle. (C) Non-brooding female with no embryos
visible from exterior of shell.



l. Background

e Endometrial cancer is located in the uterus (Figure 1)
e Estrogen promotes endometrial cancer cell

Figure 1: Diagram of uterus
with endometrial cancer.

proliferation

e Progesterone is another hormone

e Progesterone negatively regulates estrogen-driven
tumor growth and is an ultimate tumor suppressor
in endometrial cancer

e MYC is a proto-oncogene and reported as a PR
downstream gene

The brown mass depictsthe % PR expression is significantly downregulated in
tumor. endometrial cancer patients

ATPase domain ~ DNA binding and cleavage domain

__ Cterminal tail _ DNA binding TOP2 cleavage complex

p.K743N Tyrd0s

HumanTOP2A N{ D C

1 678 "M

1531

Figure 2: Diagram of the Top2A structure (each section is labeled

above)

4

e Topoisomerase 2A (Top2A) is a human

Double-strand Strand release,
cleavage religation

enzyme that controls and alters the Figure 3: Diagram of TOP2A function. TOP2 binds

topologic states of DNA during
transcription (Figure 2, 3)

helix-helix crossovers of DNA as a homodimer that
cleaves both strands of duplex DNA and forms
TOP2cc by covalently attaching tyrosine (Tyr) to the

e In cancer cells trqpped TOP2 enzymes 5'-ends of the cleaved DNA. TOP2cc allows the
4 .

passage of the uncleaved helix and the subsequent

block the essential steps in DNA seamless religation of the DNA breaks. Overall,

replication, overwhelming the DNA

damage repair mechanisms

Top2A relieves DNA torsional stress during
transcription.

e Top2A is more heavily expressed in primary
tumors over the normal tissues
* Top2A seems to have a reverse correlation —

with PR expression (Figure 4)

* Increased expression of Top2A predicts
unfavorable survival in endometrial cancer

patients (Figure 5)

* The tissue samples from 6 patients shown S | 4ol W ol W
below confirm that Top2A and PR expression

sample type TOP2A PGR

B Primary Tumor log2(norm_count+1) log2(norm_count+1)

are negatively correlated (Figure 6) Figure 4: Patient data of Top2A

cohort: GDC TCGA Endometrioid Cancer (UCEC) (n=606)

N
o

%5

Unit: log2(fpkm-uq-+1)
v
1

column B: TOP2A - gene expression
RNAseq - HTSeq - FPKM-UQ

12.5

/5 10 1255 15 Z.5 20

column D: PGR - gene expression RNAseq - HTSeq - FPKM-UQ
Unit: log2(fpkm-uqg+1)

Figure 5: Xena Browser patient data showing
correlation between Top2A levels and PR
expression in endometrial cancer. Line of best fit is
shown. r=-0.2668 and p=5.868e-11

levels and PR expression in normal
and primary EC tissues. Adapted
from Xena Browser.

Patient | #2173, #2339, #188], #2113, #1164,

Age 75 Age 79 Age 86 | Age 67 Age 66
None Moderate | Weak None Strong
PR
Medium | Medium
Top2A

Figure 6: Patient data showing the levels of PR and Top2A in tissue. The
results show that as the PR expression becomes strong, Top2A
expression becomes weaker. Adapted from Human Protein Atlas.

Analyze PR
expression
trend in Top2A
knockdown
(kd) cells

Knockdown
Top2A using

siRNA & shRNA

- siRNA: transfect

cells twice

- shRNA: lentivirus

transfection
- passage to

TC100

- wait 48-72 hours

1

Use Top2A
inhibitors on

cells

- used
Idarubicin and
Mitoxantrone
- tested both
MYC and PR
expression

PR expression

Il. Objectives Results (Contlnued)

H#3

H2

Inhibit Top2A Measure the
activity and cell growth in
then measure the Top2A kd

cells

IV. Results

BCA assay to WB and
determine the capturing the
loading volumes final images

- 25 ml total in - used both 7.5%
each well and 12% gel

- standards (25 - transfer ON
uL), water (22.5 - use filter paper
uL), samples and the NC

(2.5 pL) membranes

- § Davo [ Davs e The shRNAI and shRNA2 samples

5 have lower growth than the negative
control (Figure 10)

e Doubling rates: 21.77 hrs (NT1), 23.69

hrs (shRNAT1), and 37.23 hrs (shRNA2)

500000

Cell Count (cells/mL)

250000

O
NT1 shRNA1 shRNA2

Sample

Figure 10: Measuring cell proliferation in Top2A knockdown
cells with shRNAs 1 and 2 over five days. All samples started
with 25000 cells per mL.

SshRNA1 and 2 knockdown Top2A and

increase PR (Figure 11)

ShRNA 2 levels dare more extreme Figure 11: Confirming that shRNAT and
ShRNA2 knockdown Top2A in Ishikawa

V. Conclusion/Future Directions

Top2A knockdown increases PR expression in siRNA1 and siRNA3 in Ishikawa
and all siRNA in ECCI

Top2A inhibitors Idarubicin and Mitoxantrone increase in PR expression

The knockdown of Top2A in Ishikawa reduces cell growth

It is likely that Top2A is a bonafide PR repressor in endometrial cancer cells
Future studies should determine the mechanism for Top2A repressing PR
Future experiments could involve Top2A inhibition and knockdown in mice
endometrial cancer tumor cells

Our data overall suggests Idarubicin and Mitoxantrone can be potential
treatments for endometrial cancer patients based on Top2A inhibition

Vi. Acknowledgements

Ishikawa

®

Figure 7: First experiment of siRNA-transfection
with E2F1 and Top2A in Ishikawa. E2F1 did not
impact PR expression and was thus excluded.

e Top2A siRNA1 and siRNA3 knockdown
° ° ° PR

Top2A in Ishikawa (Figure 8)

e All Top2A siRNAs knock down Top2A in
ECCI1 (Figure 8)

e Thereis aclear increase in PR
expression for the qbo\[e sqmp|es Figure 8: Second experiment of Top2A siRNA

PR

MYC

©

Figure 9: Drug testing with Idarubicin and
Mitoxantrone to inhibit Top2A in Ishikawa and
examine the effect on MYC and PR expression.

The Top2A siRNA1 and siRNA3 knockdown
Top2A well - it's barely visible (Figure 7)
Clear increase in PR expression for Top2A
siRNA1 and siRNA3 when compared to the
negative control (Figure 7)

Ishikawa ECCI1

NC sil si2 si3

Top2A

transfection in Ishikawa and ECCI. The gel
loading is also shown for comparison to the
expression levels.

Both Top2A inhibitors Idarubicin and
Mitoxantrone increase PR expression
At the same time, MYC expression
clearly reduces (Figure 9)
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Endocannabinoid Receptor 1 in Sensory Neurons Affects Body Weight and May
Contribute to Bariatric Surgery Outcome in Mice
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BACKGROUND

Nav1.8-CB1 Knockout v Wildtype Food Navl.8-CB1 Knockout v Wildtype Food
Roux-en-Y Intake (MALE) Intake (FEMALE)
Gastric Bypass 3.00 3.00
) Browning
” of visceral
. WAT 250 250
Intestinal .. f _
) CB1 ' - N £ :
SPLANCHNIC ;)M RESTING .. £ 00
-OR- NERVE % METABOLIC cB1 fl/+ fi/fl fi/+  fi/+ fI/FL )+ £ &
+ ACTIVITY RATE . . N | | : =
' CB1 Figure 2. Cre control band weight (360 bp). Cre positive band weight (100 bp). CB1 Flox band weight (233 )
@ inverse bp). CB1 Wild-type band weight (197 bp). In this litter, Mice #2 and #5 are KO, the others are Control. 2 o0 ’
OT)ese agonist out of 6 mice being KO is higher than expected.
100 1.00
WT KO
This study focuses on the endocannabinoid receptor 1 (CB1), a key regulator of Figure 3. Stained CB1 wT KO

energy signals along the gut-brain axis located in both the central nervous

system (CNS) and peripheral nervous system (PNS), and its effects on metabolism.
The goal is to understand the effects of CB1 receptors in sensory neurons of mice
fed with a high-fat diet (western diet) and how this receptor may determine the
outcome of RYGB surgery.

METHODS

We used Wildtype (WT) & Knockout (KO) mice to explore fluctuations in Body
Weight (BW) and Food Intake (Fl) after high-fat diet (HFD) feeding over a span of
20 days.

Breeding Schematic:

L

THE m

UINIVERSITY
OF |lOWA

RESULTS

tdTomato

using a tdTomato protein
marker and analyzed
through fluorescence
microscopy. CB1 is
expressed in all

Nav1.8 ¥ neurons in
Dorsal Root Ganglion.

Figure 4. Whereas CB1 (red) is
present in the DRG of the control

mouse, it is not present in DRG
of the KO (Nav1.8-Cre*/- cB1fI/fl)

¥

fl/fl

Nav1.8-Cre™CB1 Nav1.8-Cre” CB

mouse. This differentiation is
what is utilized in the lab to
determine the effects of CB1 on
metabolism.

Navl1l.8-CB1 Con

Dorsal Root Ganglion

Nav1l.8-CB1 KO

Navl1.8-CB1 KO v WT A Body Weight
after High-Fat Diet (MALE)

Navl.8-CB1 KO v WT A Body Weight
after High-Fat Diet (FEMALE)

Figure 7. The average food intake for WT
Males (2.5 g) is higher than that of KO Males
(2.3 g). This suggests that in males, the CB1
receptor does have an influence on gastric
behavior as it leads to an increase in food
intake which is not present in the KO mice.

Figure 8. In females, the average between
the WT females (2.2 g) and KO females (2.25
g) is significant yet small. As also proved in
Fig 6, females are more resistant to gastric
behavioral changes and did not experience
as large as an impact because of the CB1

receptor in comparison to the male mice,

CONCLUSION

1. We were able to successfully breed sensory neuron-specific endocannabinoid
receptor 1 “knock-out” mice, ( Nav1.8-Cre*/-c1f/f ) which we were able to
utilize in experiments with control mice to observe the impact of this

receptor.

2. Preliminary findings of the Rate of Change of Body Weight Experiment/Food
Intake Experiment: Male KO mice had a significantly less increase of body
weight during the experiment than Control. Female KO mice had similar rates
to Control, both resistant to HFD confirmed when compared with Male

Control.

Future Work:

1. Increase n to obtain a more accurate statistical significance

2. After mice weigh > 40g, RYGB will be performed and Rimonabant, a CB1
antagonist drug, will be applied to mice to conclude whether sensory neuron
CB1 is fully or partially responsible for the previous findings that CB1

60.0:0% B0.00%
mediates effects of bariatric surgery.

50.00% S0.00%
o
£ 000 P value < 0.0001 2 4000% ACKNOWLEDGEMENTS
“E B g | would like to thank Dr. Yi Chu for his mentorship and guidance, Dr. Mohamad Mokadem
2 20.00% 2 50.00% for the opportunity to conduct research in his lab, as well as the entire Mokadem Lab,

- and the Belin-Blank Center for making this opportunity possible.
10.00% 10.00%

Nav1.8-Cre"CB1™  Nav1.8-Cre” CB1"™ Nav1.8-Cre”cB1"* Nav18-Cre” CB1™
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0.00%

WT KO

WT

KO

25% 25% 23% 23%

Figure 5. Male KO mice have a statistically
significant lower ROC for body weight than control
with the avg. for WT being 50% and the avg. for KO
only being 28%

Figure 6. WT and KO female mice have around the
same avg. ROC for body weight (22%). Female mice
are more resistant to weight fluctuations.

Figure 1. When breeding, looking for Nav1.8-Cre*/- CB1 fI/fl as "knock-out" for the CB1
gene while the rest are used as control during experimentation.
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*HDL (High density lipoproteins) imaged binding properly occurs

» “Good" cholesterol

» Scavenges excess cholesterol back to liver Western Blot Results Broader Impllcatlons
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cotransfections. Trimer is maintained & all-look

inhibit GPIHBP1 bound LPL
Similar to wild-type, weak to no protein

Humans lacking functional ANGPTL3 have R g :
» Hypolipidemia ANGPTLS protein expression/visibility in blot. Future Directions

* Protection from cardiovascular disease
 Protection from type-2 diabetes

ANGPTLS

Perform LPL Binding Assays

EL and LPL Inhibition Assay Results

EL Inhibition Assay LPL Inhibition Assay

. . . A " .

O Chylomicron/VLDL Figure 2. (A) EL Lipase | Utilize KO drugs to analyze ANGPTL3 mutant impacts
Creases " .. . . - pEB14 (Wild Type) . .

EL s inhibited \ activity after incubation at 37 —-o— pEB14 (Wild Type) on live organisms

C with i j = A3A15 (G66A Q67A) PASATO(GOOAGISIA)
et with increasing + pA3A20 (N76A I77A)
—+ A3A20 (N76A I77A)

« Continue analyzing different mutants within coiled-coil
domain to expand scope of understanding

-
o
o
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activity after incubation with
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o
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Development of ESP-8266 IoT device for efficient and low-cost L

Introduction:

- Hydroinformatics is a field of informatics that
encompasses hydrology and decision support
systems

- loT devices connect to the internet or other
services & transmit or obtain data

- Limited efficiency in communicating hydrological
information to researchers/workers

- Insufficient coverage of ESP 8266 board in the
hydroinformtics field and K-12 setting

- Current general smart assistants can not
comfortably provide specific hydrological data
such as stream height data at a particular
location

Fig. 5

Trend of Industry Impacted by loT
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Electronics Energy and Chemistry —e— Mining

(Dachyar et al., 2019)

Outcome/Result:

- Successfully developed basic prototype that is
appealing to K-12, & relays flood alert level with
live time data streaming

- Utilized Node/Express.Js in order to
communicate information from National
Weather Service website (NWS) & United States
Geological Survey webservice (USGS) &
effectively display this information on low-cost
loT device

transmission of hydrological data

Satvik Sandru?, Yusuf Sermet?, PhD, Muhammed Sit, PhD?, Ibrahim Demir?, PhD
!American High School, 2University of lowa, Department of Hydroinformatics

Yy X

What promise does the implementation of Internet
of Things (loT) technology demonstrate in the
domain of Hydrology and as an educational tool in

order to expose K-12 to hydroinformatics?

Prototyping/Developmental Process & Future:

Fig. 1

x*xxx START OF THE FLOW sk

USGS API URL: https://waterservices.usgs.gov/nwis/iv/?format=json&sites=05454500&parameterCd=00065
Query string vals usgscode:05454500, threshold:1000, streamHeight:9.88
Reading foreign_Idl value from short file - 5454500:1o0wis

NWS Full URL: https://water.weather.gov/ahps2/hydrograph.php?wfo=dvn&gage=1iowis
Major Flood Stage alert value:26
Moderate Flood Stage alert value:24.5
Flood Stage alert value:23.5
Action Stage alert value:21
Low Stage (in feet) alert value:-9999
Final alertVal:l

xkxx END OF THE FLOW sokkx

p Hi! How can | help?

Fig. 2
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Methodology

ESP-8266

é HTTP GET Request & Response

Node.Js Relaying location and alert
aYooll[e=1(e]1M level info to ESP-8266

UNIEN)
Webservice

NWS
Webpage

HTTP connection for
webpage

Fig. ©

HTTP GET RESTful
Request & Response

Future Goals:

- Develop a more advanced ESP-8266 device with more
hydrological data output capabilities, and voice input
integration for researchers/workers

ESP-8266 Block Diagram
} f§§ . an 2 (_i’_:'j) |
Fig. 7 ' S el
(Mesquita et al., 2018, pp. 784-791)

- Construct a simple loT kit that will educate K-12 about
loT technology/hydroinformatics in a beginner friendly
manner
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Synthesis and Characterization of a Series of Polymers with
Conjugated -NS- and -NSS- Backbones

Atman Shah, Jolene Cao?, Shanari Wickremsinghage3, Ned B. Bowden, Ph.D.3
'Archbishop Mitty High School, 2Smithtown High School East, 3Department of Chemistry, University of lowa

Introduction RN Results NMR Spectra

Polythiazyl, first synthesized in 1910, is an inorganic i I il General Monosulfide Polymerization Scheme Monomers StUdled

polymer composed entirely of alternating nitrogen and
sulfur atoms. Its characteristics include superconductivity [ o 1 o Ureas Carbamates =

at low temperatures (critical point of 0.3K) and a — NES—N=S—N-=

®) @)
- o oo+ ¢ .+ o+ o+ o+ o+ o+ o+ o+ v o pwt b b L L s
conjugated backbone. However, polythiazyl is also liable ® o . S,Cl, EtsN )J\ )k )L S I N N N N O A 1
to decomposition in air (McDiarmid et al., 1976). _ i - DMF, -61°C \o N /351 HoN NH P N - -
HoN O \}/ |

28

Previous work has shown that modifications to the I

poly(NS) backbone yield more stable polymers. The

polymerization of anilines to yield poly[(N,N- Zl.\l.-—S:N—S:N——.S.z - O
amino)sulfide] polymers revealed that the color ® oe ® )J\ Et.N )‘\
depended on the conjugated backbone (Paudel et al., L . \N NH, + S,Cl, 3 \N

0000000

] p
)j\ /\/\O \NH
\T NH,

S o)
- - >L — . 000000
2023). Additionally, our lab has reported the synthesis of Fig. 1: Resonance DMF, -61°C \L P )LNHZ 5 \ N ‘ e | M‘i }L A i e
poly[N,N-(phenylamino) disulfides], yielding polymers structure of polythiazyl R, A, ) )J\ S e e B s B —
o)

with a poly(NSS) backbone. The color of these polymers LT TR S Y SN N T

was dependent on the substituents around the aromatic = ¢ ; = . . . .
ring (Grace et al., 2021). 1 Fig. 6: Monosulfide polymers were synthesized in DMF at -61°C. Fig. 7: Three ureas and four carbamates were studied.

Fig. 14: NMR spectra of butyl carbamate Fig. 15: NMR spectra of butyl carbamate
monomer. Peaks are clearly defined, and the polymer. Peak broadening is observed.

Effects of Vary|ng Substituents On Deprotection of the -NS- Backbone amine singlet and alkyl chain multiplets are Solvent (DMF) is also present.

visible.

N
—_—

Another application is hydrogen sulfide (H,S) release.
H,S is an important gasotrasmitter and has been shown
to promote crop growth, but it is toxic at high
concentrations. N-S bond-containing compounds have
been shown to release H,S in the presence of thiols X o ;
(Grace et al., 2021). Poly(NS) polymers have backbones Dibutyldithiophosphate (kg/acre)
made exclusively of N-S bonds, making H,S release an Fig. 2: H,S release promotes

area of significant interest. crop growth (Grace et al., 2021)

Methods

Harvest yield (bu/acre)

50| [ | Polymerization

[
o0
N

0

)J\ s KOH N /S\}
NN N/>\ » %T T
\‘_/ | |

2:1 DMF:Water, 0°C

Conclusions

* We report the synthesis of polymers with conjugated —-NS— and —NSS—
backbones.
* The colors of these polymers arise from energy band gaps in the

Inert Cooling Amine Crude S min. conjugated backbone.
Atmosphere Addition Product « Different equivalences of amine affect polymer characteristics and
yield.
a8 * Cross-linked -NSS— polymers enable rapid 2D printing
Fig. 8: From left to right, urea, 1,1-dimethylurea, butyl Fig. 9: Butyl carbamate polymer changes color
Amine + carbamate, t-butyl carbamate, phenyl carbamate within five minutes of KOH addition
DMF + . . e L Future Work
CHCl,+  NEt, Effects of Different Molar Ratios of Amine:S,Cl, On Polymerization
g&lii%% « Cleaving off R-groups from the -NS- backbone
Bath * Quantifying the rate of hydrogen sulfide release of the polymers
. . . o ; — g * Doping the polymers with oxidants (e.g., Br,) and testing electrical
Fig. 3: DMF is used to convert S,Cl, into SCI,, before the amine is added Lo, % - & .
dropwise to create the po|ymer_ ?\D)\J;w ‘\\)‘m &O/Lk / 0.92:1 Dark red Soluble in brine and water CondUCt|V|tY-
WL Zi;‘; 0.474 olubla i | « Synthesizing polycyclic polythiazyl derivatives
Vacuum : Final 1v1/23 2 - 1 nsoluble in brine an
> Filtration >> EXtraCt'°n>> NP >> Product > V g 0953 Orange water
" r R | ; . — ” 0.92:1 Yellow Soluble in brine and water ACkI‘OWIedgements
|| Fig. 10: From left to right, 0.92 | would like to thank Professor Bowden and Shanari for their mentorship
po= i 0.95, and 0.97 equivalences of butyl during this program. | also thank the University of lowa and the SSTP
/ . | carbamate program for giving me this opportunity, as well as the other members of
the Bowden Group for their support.

Rapid Polymerization Enables 2-D Printing
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e 9/
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Bibliometric Analysis of Hydrology Research Using Automated 0 v
Data Mining and TF-IDF With Latent Dirichlet Allocation -
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1Deerfield High School, Deerfield, IL, ?Stanley Hydraulics Laboratory, College of Engineering, University of lowa, lowa City, IA

Introduction Methodology Results

Environmental and hydrological sciences have been enriched by
hardware and software research output over the past decades. New BT

technologies and developments making significant impacts every WATER PROCESS : .
year. JOLI | W

Total Number of Publications Per Year

1500

12 1

13 6 1000

16 4

Technology such as sensors and physical modeling have been used for Wil HE TR ) T, -
centuries to analyze river flow, landslides, and remote sensing. U " .

However, the recent boom in computing, artificial intelligence, and
other innovations just in the last decade has caused significant
changes in research methodologies and led to novel solutions to
modern problems. Especially with the alarming rise in climate change,
rise in sea levels, and conflict over water scarcity, it is more important
than ever for hydrology research to constantly look for new options,

as well as analyze the successes and failures of past research.

Number or FPublications

50

o

2018 2019 2020 2021 2022 2023
> Year

g 3 Number of Papers Published Each Year Using Top Ten Most Popular Technologies

Modeling
1800 Al and Machine Learning
Data Mining
Smart Cities
1600 Data Analytics
Big Data
Top-30 Most Relevant Terms for Topic 1 (29.2% of tokens) 1500 Predictive Analysis

0 1,000 2,000 3,000 4,000 o Cybersecurity

1000

-
@
w
w
c
Number of Publications

Editors of various hydrological journals allow us to efficiently obtain
article, journal, and author metadata through the use of APIs and
automated data mining.

Research Goals

process 2%1 8 2019 2020 2021 2022 2023
Year

nnnnn

This study aims to understand the technological adoptions in the field of
Heatmap Between Topics

hydrological science and the contexts in which they are employed. We
also seek to analyze past and future trends in their uses, as well as
collaborations between institutions and across international borders
through hydrological research.

achine Learning B
Overall term frequency Big Data 0 = 8
Estimated term frequency within the selected topic Cryptocurrency
. . loT
Percentage of Total Papers Published by Top Ten Countries AR and VR
Cybersecurity
Automation
1.00 Modeling
0.95 NLP
0.90 itum Computing
5G

0.6

By discovering connections between specific technology and which
hydrological fields they are employed, our research hopes to uncover

:dge Computing
. 0.80 Data Analytics
0.75 Biotechnology

—
)
!
)
O
O 0.70 Nanotechnology
=
o
I
——

Percentage of To S
COO0O000CO0O000O0 o
= 2 NN W W PR PO co
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potential uses of technology in fields that have not yet used them to s e Technolony 0.4
° ° ° - Interface (VUI)
their full potential. We also hope to use contextualize popular
° ° ° ° China Data Mining
technologies that are currently being explored with their past United States dcive Anaysi
Australia 3D Printing
employment. Canada 0.2
India Regtech
United Kingdom e
l% A - Germany less Computing
\.{f ; ,\ F\Lk ._ Iran loud Computing
E \:*?/ ;«’; _ France AR PEFEL2E5 202028 33835522228 655822¢2 OO
iy . 005 2 €352 38823 SosseSfco5E588esss
‘_f._%-‘%-. ul %18 2019 2020 2021 2022 2023 ﬁﬁg §§§§ % §§E§§»§m§§5§§m£§§§§i
g o . . Ye 5 g 3 E 88mgecE S we3 s
’ Dirichlet  Doc-Topic. Word-Topic Observed = ' - T - -
Parameter  Dist. ~ Assn.  Word Conclusion and Future Research

Fig 1.1: Satellite used for hydrological scanning and mapping
Fig 1.2: Drone employed in remote sensing and aerial data collection
Fig 1.3: A 3-D surface model and simulation of watershed river flow

The trends over the past five years have reflected recent technological developments. For example,
Artificial intelligence and big data have remained popular throughout the years. Modeling and Web

Refe rences & ACkﬂOWlEd gements Applications have likely remained stable over the past decade. Among the most popular
hydrological subfields include groundwater and rainfall modeling, as well as chemical

IIHR—Hydroscience
d y . | would like to thank the Belin-Blank Center and SSTP Program for providing this hydrology. These results are important because It reveals new technologies, like biotechnology, that
an Engmee"ng research opportunity for me, as well as Carlos Ramirez, Yusuf Sermet, and one might not have considered to be applicable to hydrology research but are actually prevalent.
Professor Demir for guiding me on my five-week experience. Although it Is not used as often as things like Al and modeling, It is nonetheless worth consideration

for further investigation into its implications.
Wang, K., & Herr, |. (2022). Machine-Learning-Based bibliometric analysis of pancreatic cancer research over

the past 25 years. Frontiers in Oncology, 12. https://doi.org/10.3389/fonc.2022.832385 : : :
Chang, |., Horng, J., Liu, C., Chou, S., & Yu, T. (2022). Exploration of topic classificationin the tourism field In the fUture’ we would like to repeat the same StUdy to see how the field ot hydrology and Its

with text mining technology—a case study of the academic journal papers. Sustainability, 14(7), 4053. subfields ha_lve fgrther evolved, as well as testing other classification algorithms while using a more
https://doi.org/10.3390/su14074053 comprehensive list of buzzwords.
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The Effect of Circadian Rhythm Disruptions on Serotonin Neurons
and Time-of-day Dependent Serotonergic Chemosensitivity
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Introduction Graphical Abstract Discussion/Conclusion

— Epilepsy is a neurological disease associated with —Florescent Neuroanatomy: Electrolytic lesioned mice have more DRN

spontaneous seizures. ORN ' iﬁ%%gfﬁry 5-HT neurons than sham lesioned & dual viral ablation mice.

— 1in 26 people will develop epilepsy within their lifetime?. SCN — )/ z;:{?bac;ély —> Open-Loop System: reduce experimental confounds and
_ Sudden unexpected death in epilepsy, or SUDEP, is a Jr— iImprove time-of-day-dependent experiments in the future.

phenomenon where seizures result in death. Hypothetical Results CO, arousal and HCVR: wild-type (Lmx1b”) mice

DAY NIGHT demonstrate time-of-day-dependent variability in CO,

— SUDEP occurs more frequently during the night23.

— Nocturnal mouse models of seizure-associated death
are also more likely to die during the night23.

5-HT/\/ arousal and HCVR.
A A ¥ o il X . In the future, chronotherapeutic strategies that influence
o it o e e | coz/@\/ serotonergic physiology could be leveraged to reduce the
oAV el i Arousal i nighttime risk of death for people living with epilepsy.

A

— The neurotransmitter serotonin (5-HT) is a compelling - HCVR/K/ FUtu re DireCtions

target of study, due to its known daily fluctuations in the Feal dataimags 0 : 12 s 24

— The mechanism driving nighttime risk of death in SUDEP
IS unknown.

brain?3, _relationship with s_ei.zgr?1 6mortality and severity, Time of Day (h) 1. Find time-of-day-dependent regulation of 5-HT-
and role in CO, chemosensitivity™®. R It associated genes (tryptophan hydroxylase, TPH &

HYPOTHESES eS U S serotonin transporter proteins).

1. Disruption of the circadian rhythm (viral ablation, 2. Study how seizures at different times of day affect
electrolytic lesion, and genetic deletion) will result in = L ‘f’.“ i R AT serotonergic physiology (induce seizures followed by

[ = bod l fi l[ :
fewer serotonin neurons. i 400 < L"h‘ i‘ L M :':‘,'.Lu'di‘ la an automatic gas challenge).
D — I YRy o LRty , : :

2. 5-HT-associated CO, chemosensitivity (CO, arousal and S 300- ‘ | ‘ ""' i A * 3. Investigate the serotonergic physiology (CO, arousal
the hypercapnic ventilatory response, HCVR) is time-of- 3 200- 2 dY ‘"fu".éu""uf-'hﬁ.'{ﬁ!"ﬁiﬂfﬂ'j“ﬁﬁﬂ | and HCVR) in Lmx1b"" (5-HT knock-out) animals.
day-dependent with the lowest response during the night + 100- I I 4. Explore  alternative  serotonin  physiologies
in wild-type animals and low regardless of time of day in T - (autoresuscitation & post-ictal generalized

-

mice lacking 5-HT neurons in the brain. electroencephalography suppression)

VIRAL

|
Materials and Methods
Figure 1. Fluorescent IHC was used to label TPH2+ 5-HT Figure 2. Number of TPH2+ Figure 3. Actograms from each

Experiment #1 — Neuroanatomy neurons in the DRN. A, A zoomed out image of a neurons in the DRN following lesion strategy. Motion sensors
representative coronal section containing the DRN. B, lesion. Preliminary cell counting were used to capture locomotor

| oo Comparable zoomed in images just ventral to the cerebral studies demonstrate more TPH2+ activity. Electrolytic-lesioning, but
. D , aqueduct were used for cell counting experiments. C, TPH2- neurons  following electrolytic  not attempted viral ablation,
Q\ s positive neurons were counted and secondarily verified by lesioning compared to sham and resulting in arrhythmic locomotor
ouse Brain Sectioni immunohistochemistry T another S-C|ent|st. viral ablation grf)ups. act|V|.ty In constar:t darkness. Figure 7. Representative IHC from mice lacking serotonin neurons and
| (IHC) Y Experiment #2 — Development of an Open-Loop Trigger and Serotonin Physiology wild-type littermates. A, wild-type (Lmx7b™) and B, knock-out (Lmx1b"%).
A. B. A. B
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