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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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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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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
. - ’ . _ B ) ) - . "]/ .
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
- Treatment: FVIII gene « Naturally occuring Benefits of coFVIII-BDD modified vectors, suggesting that it confers the greatest FVIII gene transfer
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immunogenic response, ransrer : : ' ' =, . . . .
tional fiske Candidates  F'7oy 0 TEon 0N veston \Ié'\r/"’ll:ldgee“r\]/:ry 2] Vector <« » Restriction enzyme ligation and transformation for constructing PB-FLFVIII
netfcient ransducton, mammalian expression transfor. Construct PB-coFVIII- (B =} PB-FLFVII vectors yielded null colony counts, possibly due to the large size of the full
’ ’ " -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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* We corrected a sequence with the Mlul restriction enzyme site petivity: < E o FVIII ELISA assays (antigen presence), aPTT tests (clotting efficiency)

- - - ' ' ' Assays +iPB7 = ) )
(PB-coFVIII-BDD-Mlul.fix) and engmeered the piggyBac g TEl ek n Bethesda assays (inhibitor formation), and tail clip assays (bleeding time)
vector to carry the full-length FVIII insert (PB-FLFVIII) as Whole Blood \/ — ! '
vehicles for FVIII gene transfer. Hydrodynamic Tail Vein Injection Collection —

» We compare FVIII activity levels between PB-coFVIII-BDD Acknowledgem ents
and the modified vectors in Hemophilia A mice. Results: Vector Construction Thank you to the Staber Lab for your generous mentorship, and the SSTP summer
Hypotheses ' program for facilitating the research experience.
. v Vector plasmid sequences confirmed via NGS following vector construction. All images were created by the student using BioRender.com or Canva.
Although not required for FVII oo TRl v Successful site directed mutagenesis to create PB-coFVIII-BDD-MIul fix. All graphs were created by the student using GraphPad Prism.
coagulation functions, the EVIII B- PB-coFVIII-BDD has an introduced X Unsuccesstul creation of the PB-FLFVIII vector. Mlul site sequence References
domain plays crucial roles in decreasing point mutation encoding for an Mlul site,
ER stress, facilitating intracellular which could affect intracellular cleavage Original CCCCGTGCTGACGCGTICACC Hu, Z., LI, Z., Wu, Y., Zhao, J., Wu, L., Zhou, M., & Liang, D. (2022). Targeted B-domain deletion
trafficking, and protecting against and FVIII activation. We hypothesize restores F8 function in human endothelial cells and mice. Signal Transduction and Targeted
proteolysis. The inclusion of the B- that the reversion of the mutated Corrected CCCCGTGCTGAAGCGTCACC Therapy, 7(189). https://doi.org/10.1038/s41392-022-01016-9
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
S—

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.)

390 392 394 396 398 400 402 404 406 408 410 390 392 394 396 398 400 402 404 406 408 410
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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(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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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,
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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
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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 2. *H NMR spectrum of (4,4’-bpe)-(res). Figure 4. PXRD pattern of (4,4’-bpe)-(res). {—40h
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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<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>