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Figure 2: Interplay of AC8 and Orail in Cancerous Cells. Orail is B3 o isolate Orail or AC8 from lysate
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to overexpression of AC8. Surplus of calcium elicits various cellular
responses including migration and proliferation of breast cancer.
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Results Graphical User Interface (GUI)
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Introduction Viscosity Study
. . . . —&®—pH 5 CAF gel with 1.5% HEC
= Apnea of prematurity (AOP) is a serious sleep solid MN 7 6.5 CAF gel with 2.5% HEC
disorder wherein premature neonates stop - @ 6 pH 7.4 CAF gel with 2.5% HEC
breathing > 15-20s at a time due to - A A S = Z
. | | / o
an underdeveloped brainstem (the part of the \| s 2
central nervous system that controls breathing). Bt 2,
= Recent studies show that caffeine can stimulate 1 se-o—g_
: - : " e *— -
the brainstem. However, caffeine is a hydrophilic, S 0
= 0 20 40 60 80 100

small molecule that does not have ideal
ohysiochemical properties for absorption through
the skin. Hence, microneedle-assisted drug N Figure 1. Flow curve of cafteine base (1.3% w/v) loaded gel at pH 5,
delivery of cafteine through topical gel represents - . pH65, and pH 7.4 represented as mean + SD (n = 3).

an innovative approach tor AOP.

Shear rate (1/s)

ﬂ\/.“-/v

Table 2. Viscosity of caffeine base (1.3% w/v) loaded gel at pH 5, pH

Objective 6.5, pH 7.4 represented as mean = SD (n =
The goal of this work is to formulate caffeine-loaded gels with
hydroxyethyl cellulose (HEC) as a polymer carrier and characterize 1.036 + O 02
viscosity, in vitro drug release, and permeation through p|- 65 6510 + 0.211
microneedle-treated skin. oH 7.4 5904 + (.19
water 6.584 £ 0.263

Materials and Methods

In Vitro Release and Permeation Study In Vitro Release Study
120

Diffusion cells: In-line diffusion cells with 1.76
cm? diffusion area (Permegear)

Donor: 500 plL of caffeine base (1.3% w/v) with
HEC (1.5% and 2.5% w/v) at pH 5, 6.5, and 7.4 (n

(WY
-
-

o0
-

I 1

Cumulative releaes (%)
o)}
o

g — 3) 40 —@—pH 5 CAF gel with 1.5% HEC
In-line diffusion cells Receiver: HEPES buffer (pH 7.4) prewarmed to 20 | e e
37°C o &
Membrane: | S =10l
= Release study: cellulose dialysis membrane | | e iy
(Snakeskin® Dialysis Tubing, 10K MWCO) Figure 2. Cumulative release of caffeine base (1.3% w/v) loaded gel

at pH 5, 6.5 and 7.4, represented as mean £ SD (n = 3).

= Permeation study: dorsal skin from Yucatan
miniature pigs

Stainless steel MN array In Vitro Permeation Study: intact skin

(650 pm, 50 MNs)  Analysis: Samples were analyzed with HPLC-UV 900 |y oHsCAF gel with 1.5% HEC
= 800 pH6.5 CAFgeIw?th 2.5:%) HEC
ReSU‘tS % 200 pH 7.4 CAF gel with 2.5% HEC
2 600
Solubility Study E 500
Q 400
Table 1. Solubility of caffeine base in citrate phosphate butter at pH £ 300
5, 6.5, and 7.4 represented as mean = SD (n = 3). £ 200
S 100 »
Solution pH Caffeine Solubility (mg/mL) ’ 0 . . 0 - -
pH S 15.721 = 0.044 Time (hr)
pH 6.5 14.420 + 0.014 Figure 3. Cumulative permeation of caffeine base (1.3% w/v) loaded
oH 7.4 13.209 + 0.131 gel at pH 5, 6.5 and 7.4 through dorsal skin from Yucatan miniature
water 19.095 + 0.015 pigs, represented as mean + SD (n = 3).
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In Vitro Permeation Study: MN-treated skin

1800
—e—pH 5CAF gel with 1.5% HEC

1600 pH 6.5CAF gel with 2.5% HEC
pH 7.4 CAF gel with 2.5% HEC

(W=
-
-
o

Cumulative permeation (ug)

0 5 10 15 20
Time (hr)

Figure 4. Cumulative permeation of caffeine base (1.3% w/v) loaded
gel at pH 5, 6.5 and 7.4 through MN-treated dorsal skin from
Yucatan miniature pigs, represented as mean £ SD (n = 3).

able 3. Cumulative delivery, lag time, and steady-state flux of
caffeine base (1.3% w/v) loaded gel (1.5% w/v and 2.5% w/v HEC)
at pH 5, 6.5, and /7.4 represented as mean = SD. Q,,: cumulative
permeation over 24 hours; J..: steady state flux

Gel pH Q,, (Hg) Lag time (hr) | J. (ug/cm?/hr)

oH 5 53959 + 181.70  2.11+0.97  13.99 = 4.73

Intact skin pH 6.5 154.30 = 38.75 1.68 +0.91 401 +=1.56
oH7.4  701.03+137.07  3.86+037  19.76 + 3.54
oH 5 114576 + 70218  1.85+1.07  22.01 + 16.66

MN;tlzienated oH65  1232.63+15510 228+1.06  32.20 + 2.86

pH 7.4 1446.78 £ 469.12 1.99 £0.12 36.56 = 9.47

Conclusion

= 62.35-72.80% of the drug was released in the first 2.5 hours,
suggesting immediate release of caffeine base from gel

= Drug release was not statistically different at various pH levels

= With MN pretreatment, a significant increase in steady-state flux
was observed compared to intact skin

= Decrease in the absorption lag time for pH 5 and pH 7.4 through
microneedle-assisted delivery represents a quicker onset of
action
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Introduction Methods Conclusions

Alzheimer’s disease (AD) is a progressive medical condition which is A Figure 3. The control and rTg mice comparison * The time spent exploring represents the preference

classified as a type of dementia. This disorder disrupts the function . . the mouse expresses towards the objects.
of the brain by killing the neurons and causing the brain to shrink, ‘o 3-4 months old ‘o , oo
also known as brain atrophy. The hippocampus is affected in the mice * The control mice exhibit preference towards the

early stage of AD. It destroys the ability to think, learn, and memorize. The controls are displaced object. In contrast, the rTg mice did not

littermates with h | £
the rTg mice SNOW a Clear prererence.

Mechanisms of AD
rTg4510: CaMKlla-driven tTA

e The main causes of Alzheimer’s disease are the two abnormal Control: CaMKlla-driven tTA nd TetO-hMAPT P307L * The mouse’s preference suggests their ability to
protein build-ups: amyloid precursor protein (APP) and tau protein. identify objects in space, which corresponds to the

* APP generates amyloid beta polypeptides which forms amyloid B C _— Red extract function of the hlppoca.mpus. It Fhey do not exhibit
plaques around neurons. clear preference, meaning the mice do not remember

| | | Master Mix <—— Tau transgene primers mix the location of the object after 24 hours. This shows
. g?;np.rotem often leads to neurofibrillary tangles (NFTs) in the o . that the rTg mice exhibit long-term memory deficits
and impaired memory consolidation.
* NFTs are a major hallmark in AD as they affect the communication l

» The PCR and Western blotting results verify the

between neurons and are often found in severe Alzheimer’s SISIS IS IS I IS _
disease brain tissues. \/\/U\NU\N — genotype of each mouse and validate the SOR
| | Mastor s i added t PCR scoring, demonstrating that the rTg mice form
* However, there is no effective treatment for long-term memory Ubes with the extracted mModse neurofibrillarv tanales in brain
deficits in Alzheimer’s disease and related dementias (ADRD). line DNA y 9 '

/The PCR tubes wererunin a

Normal Alzheimer's disease Healthy Brain Severe Alzheimer's , , . : thermocycler and the resulting
0 Figure 4. Both the rTg mice and the control mice were tested , ° °
A B Neuroﬂbnl' ,, C Figure 1. Comparison by spatial object recognition (SOR), the scoring results are samplez;/\ﬁ;er F;’;g}::;.agarose I m pl Icat I o n s
, »@ between healthy brain based on the time spent exploring the object (sniff or touch).
P n.}h\ tissues and Alzheimer's SOR task is closely related to the mouse hippocampal activity Figure 5. Brief PCR and agarose gel .
_ " prain tiosues (armylord as the hippocampus is in charge of spatial memory electrophoresis procedure * These findings suggest that rTg4510 mouse model
N ° ° ° ° °
plaques and neurofibrillary could be used to simulate medical conditions in ADRD.
tangles presence) i )
image credit: Google Images, Results - Our study provides an alternative method to research
BrightFocus Foundation; 'th h . f I
Wikimedia, from Elsevier Sci. Figure 6.1. TetO-hMAPT Tau e mecnanisms 10r memOry OSS.

» Future studies should seek to approach ADRD clinically
using our mouse model.

Figure 6. Validation of transgene presence in rTg mice 380
The mouse line DNA was run in PCR and agarose gel
electrophoresis after the behavior tests, which validates the
gene expression in both rTg and control mice. As shown in
figure 6.1., the top line band shows the presence of tau gene,
while in figure 6.2. the top line band shows the presence of tTA
gene in the mouse. According to the methodology, if the mouse
expresses both tau and tTA genes, then it is a rTg4510 mouse;
if the mouse only expresses one band, then it is control. This
helps validate the SOR scoring results in our experiment.

microtubules with a %
stabilized phosphorylation.
In Alzheimer’s, depolarized
microtubules disintegrate
as the tau proteins form

0N
o
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o Hemophilia A is a genetic bleeding disorder that prevents blood from P A o WT
oroperly clotting due to the lack of clotting factor VIII (FVIII). PN B . Total Ramified Microglia = Fvlllnal Total Rodlike Microglia

o Patients with hemophilia A receive FVIII protein replacement / a . ¢ =
therapy, greatly improving their life expectancy and quality of life. g %“’“' S i - "] ) ]

o However, those suffering with hemophilia A have neurophenotypic “‘ﬁ% 9 Z T = - 0 P
differences such as increased rates of anxiety and depression, Brain Harvest -é—" - e WL e
decreased brain volumes, and increased cerebral microbleeds. O corex Hinmocamous Thatamus Fypothaiamas S ortor Himocammas Thaamas Fymethatames

o Preliminary studies from the Staber Lab have shown that mice with / \
hemophilia A experience behavioral differences compared to wild . . o

. otal Bushy Microglia Total Ameboid Microglia
type mice. 7 %5 1.5- 15-

o These neuropathologic differences including the increased rates of S S 10 o o S 1ol i} .
anxiety and depression and the behavioral differences could be Isolation of Brain Regions Slicing S S
caused by neuroinflammation. = 0.5 = 5

O [ ] e J 1 0.0- 0.0-
bJECtlves " Cortex Hippocampus Thalamus Hypothalamus Cortex Hippocampus Thalamus Hypothalamus
FVIII Levels M d . . . . .t .
SRS HIEASHIE g Figure 2. Microglia in Hemophilia vs. Control Mice

o This study aims to characterize the neuroinflammatory response ﬁ — (A) Preliminary morphology studies suggested that hemophilia A mice
in @ mouse model of hemophilia A by measuring microglial < have increased ramified microglia compared to controls. (B) In pilot
activation and gene expression levels of neuroinflammatory RNA Isolation Staining quantification studies, total ramified and total bushy microglia were similar
markers (CD206, iNOS, TNF- a, IL-4Ra, IL-1B, IL-6, TGF-B, IL-4Ra, r T Wi T in hemophilia A and wild type mice. Total rodlike and total ameboid
and IL-10). [ cmophilid na Type microglia appear elevated in hemophilia A mice compared to wild types.

o Microglial activity was measured by analyzing microglial
morphology in the hippocampus, cortex, and thalamus of
hemophilia A and wild type mice as well as quantifying microglia
in different stages of activation.

A . L Conclusions

o Confirming our hypothesis, expression of neuroinflammatory
. markers remained similar between wild type and hemophilia A

o We hypothesize that FVIII deficient (hemophilia A) mice will have RT-qPCR Microglia Imaging
increased expression of pro-inflammatory markers and

Relative Expression

. . . L o Hemophilia A (HA) and wild type (WT) mice on a BI6/C57 background , = . . mice in the cortex.
increased microglial activity compared to controls. d for th udi dee " e0" — " eem — — e o *
were Used Torthese studies. . " em = e = o Inthe brainstem and cerebellum of HA mice, three and seven
@ @ [ @ [ 0 I . I
MICnglla CIaSSIflcatlon Image FVIIl Levels Measured 0 Lt cDse  Iere e mMos  Torn TN .ma.rker.s (resp.ectl.vely) showegl elevation compared to WT mice,
o Blood was collected from 6-month-old mice via a retroorbital eye Brainstem indicating activation of neuroinflammatory pathways.
Ramified “Resting” microglia bleed. B - o Total rodlike and ameboid microglia appear elevated in HA
surveying immunity o Blood was spun down in a centrifuge to separate and obtain plasma. _ mice, indicating elevated microglial activity.
° ° . .9 L . O 0 0 O .
FVIII Igvels were me.a.su.red using the F)I.asm.a in order to determine ; 3 o The activation of microglia and neuroinflammatory pathways
severity of hemophilia in the hemophilic mice (data not shown). - _ . could be correlated with the increased mental health disorders
° ° ° ° Q o ® ® * | ® R - o, . . . .
Rodlike Microglia at the Microglia Activity 2 _ . ) ¢ — - and decreased neurocognition seen in patients with HA.
S 1= — " —_— — — — W —
. _ . ) -
beginning of o Brains from 6-month-old HA and WT mice were harvested. = . * " " e
I I '] . . . . . _
2OIvRIen o The brains are then sectioned and stained using immunofluorescence. ’ IL10  IL1b  CD206 IL4Ra  IL6  iNOS  TGFb  TNFa ACknOWIEdgementS
o Immunofluorescent staining included Iba-1 and CD68, markers of Cortex
: : : : : C At | would like to thank the SSTP program and everyone at the Belin-Blank Center for
microglial activation. -
Activated microglia g. . . . C ° this opportunity. Special thanks to Dr. Staber, Danielle York, and Kendall Cornick for
o After slides are stained, they are imaged under a confocal microscope 5 . welcoming me in the lab, allowing me to take on their project, and for their
in order to determine differences in microglial quantity, activity, and g 4+ gracious mentoring.
morphology. X - B
| . i . . Ref
Ameboid L o Gene Expressmn of Neuromflammatory Markers ch . . - . . T e erences
Q [ [ ] -
c c ope . . . (' T [ | - u — o —— — —— —
mlcroglla O 6-month-o|d hemophlllc and Wlld type mice bralns were harvested. 0 ° ° % ¢ *» * ° = Chang, C. F,, Wan, J., Li, Q., Renfroe, S. C., Heller, N., & Wang, J. (2017). Alternative activation-skewed
o The cortex, brainstem, and cerebellum were isolated from these brains 1o Itib D206 L4Ra L6 INOS - TGFb - TNFa E;Zi‘;i'iiﬁ';ﬁ%?fff;pﬁ?OStZ-ESmlaotofgfer/?sféﬂt?onl?§§ %elreismental ricerebreihemortege
and used for RNA isolation. Cerebellum Cherry, J. D., Olschowka, J. A., & O'Banion, M. K. (2014). Neuroinflammation and M2 microglia the
5 From the isolated RNA, cDNA was generated to run RT-QPCR and Figure 3. Relative Gene Expression in Hemophilia vs. Controls gggj,ic?egl;ad, the inflamed. Journal of Neuroinflammation, 11(1). https://doi.org/10.1186/1742-
Figure 1. Microglia Classifications measure gene expression. (A) Relative expression of IL-10, CD206, and iNOS appear Kumar, A., Barrett, J. P., Alvarez-Croda, D. M., Stoica, B. A., Faden, A. |., & Loane, D. J. (2016). NOX2
. - - L - £ ] _ _ elevated in the brainstems of HA mice. (B) CD206 is elevated in drives M1-like microglial/macrophage activation and neurodegeneration following experimental
D/lICFC.)gllf Cl.aSSIfICEatIOnS form a spe.ctrurr? from ram.lfle(.j' O NeUFOInﬂammatOry markers measured include CDZOG; |NOS; TNF- Q, ( ) . traumatic brain injury. Brain, Behavior, and Immunity, 58, 291-309. 10.1016/j.bbi.2016.07.158
restlng mlcroglla, to ameb0|d, mlcroglla post-actlvatlon. IL-4Rq ||__1B IL-6. TG F_B IL-4Ra. and IL-10. the cortex of one HA MOouse, but aItOgEther expression Leng, F., & Edison, P. (2021). Neuroinflammation and microglial activation in Alzheimer disease: where
This spectrum can be broken down into four broad . . - . appears similar between HA and WT. (C) IL-10, IL-1B, IL-4Ra, | do we go from here? Nature Reviews: Neurology, 17(3), 157-172. 10.1038/541582-020-00435-y
e i . o . . O GraphPad Prism will be used to preform statistical anaIyS|s such as a ] . Rauf, A., Badoni, H., Abu-lzneid, T., Olatunde, A., Rahman, M., Painuli, S., Semwal, P., Wilairatana, P., &
C|aSSIfIC3tIOnS, with each classification correspondmg to a one-way ANOVA and 3 Tukey’s pOSt-hOC test (once data is completely ”—'6; |NOS; TGF- B; and TNF- a appear elevated in the Mubarak, M. S. (2022). Neuroinflammatory Markers: Key Indicators in the Pathology of
different level of activation and a distinct morphology. cerebellum of HA mice compa red to WT. Neurodegenerative Diseases. Molecules, 27(10). doi:10.3390/molecules27103194

coIIected). Graph Pad Prism was used to graph data. Biorender. BioRender. (n.d.). Retrieved July 25, 2022, from https://biorender.com/
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Introduction Area Manipulation A - Testing Phase o
The abstract concept of number is a common dimension - _ Area Effect - Testing
seen in daily interactions with the physical world. While once Training Phase Testing Phase 00, Choose Fewer 00, Choose More
thought to be a uniquely human skill, numerosity can also be 90- _ 90-
erceived by nonhuman animals such as pigeons and bees. : : O gp. - = - = = =
P 4 PI9 Confounded | 60 Trials Confounded | 60 Trials i - > i
Many theories have proposed that number is correlated with Match Many 60 Trials Match Many 60 Trials o 28- 28-
nonnumerical magnitudes such as the total area of all ; , S T T N I 1 1 1 |
stimulus elements (Lourenco and Aulet, 2022). Research Match Few | 60 Trials Match Few | 60 Trials 3 gg_ ‘318_
has also shown that numerosity is used as a discriminative Conflicted N/A Conflicted 20 Trials DcT_> 20- 20- Confoundec
stimulus when other cues are made irrelevant (Kubo, 2020). : : : , 10- 10- Match Man
( ) Total Trials | 180 Trials Total Trials | 200 Trials ol . Conflicting
In this study, three different relations between the total area Figure 3. Trial Layout in Training and Testing Phases: During Figure 4. Task: The color distinctions were used . . . . L .
of the stimulus elements and numerosity were devised to Training, pigeons were given 180 trials equally divided among five to instruct the SlJbJ_e<3'[S to peck elthgr the array with ’::rilgll;r\?vitar; ﬁgﬁﬁix:é“:rglaatgﬁg g::r']ggr-rei:régg'ec))(f['rtéﬁle;[esr::nﬂ
i ' i itiag: numerosity ratios (1.1 to 4) and two tasks (choose more/choose fewer). more or fewer items (task assignments were . y y hig
dentify the interdependence among these quantities: - yt' 50 conflictin trial tdod counterbalanced among subjects) accuracy scores, unlike the below-chance scores which
confounded, matched, and conflicting. Hring esting, =& CONTICHNG trals Were adaed. | should had been produced if the birds were controlled by
Confounded Area Matched Area Conflicting Area area alone. Bars repregent mean accuracy for different trial
Confounded : More items, More Area types, and error bars + SEM.
Matched : More items, Equal Area Match Few Match Many k /

Conflicting : More Items, Less Area
\ / a1 |,

. O O ...
21 - % S The pigeons exhibited excellent numerical accuracy
Subjects (n=4) were trained to discriminate numerosity. In scores _under all manipulations of element area. These
some trials, choice of the larger number was correct, and 111 ® %o 0% %o results imply strong control by number rather than area.
on other trials, choice of the smaller number was correct el ©e2® ®e .‘
depending on the color of the items.
Training Phase: Figure 5. Various Numerosity Ratios: To assess the pigeons’ ability to discriminate number, five numerosity ratios were presented: . . . .
. Confounded Area 1:1.1, 1:1.5, 1:2, 1:3, and 1:4. Three area manipulations were presented. In the Confounded Area, total element area was positively ]. PlgeOﬂS learned to discriminate
. Matched Area correlated with numerosity. Matched Area modified the total area on one side to match the other depending on the trial type (Match Many . Rk
Testing Phase: \ or Match Few). For Conflicting Area, the ratio of the area was the opposite to that of numerosity. / number, ShOWIﬂg SeﬂSIbI‘ITy TO

. Training Phase Areas numerical disparities.

» Conflicting Area

2.Manipulated element areas

. : by . : : : ey

Expenmenfql Sefup Ratio Effact didn’'t Impair pigeons’ abillities

Training Phase Choose Fewer Choose More to discriminate number.
E 100+ 100+

For each trial, a peck to the / + 907 _ 90- _
start stimulus was followed _ _ _ _ o 80 _ 80 = Future experiments should further explore the
by two response options on gl o lEnEe e b ey Leliles 29 lus f20o beiieel S 28: 28: interactions with number and area, without training with
either side of the screen. ;[:ne ro?/tlergugisnifri]s;?\ﬁm?‘:rtgm r?\ZZ’r ;Echggteo ongsoo y azg:::g o 50 L 50+ Il | matched area. Additionally, other visual cues that could
Food pellet reinforcement Ba?s represegnt meanyaccuracy and error bars + SE?\/I. | f-g 40- 40- impact stimulus discrimination in pigeons is also worth
followed correct responses, 8 30 30+ investigating (DeWind, Bonner, and Brannon, 2020).
but not following incorrect \ . H o 20- 20 \ /
responses. A 10 10-

Area Effect - Training = — < - - = < - - f
Choose Fewer Choose More R A NAENINS RO NAENIN Re erences
Figure 1. Trial sequence 100- 100+

90+ _ 90+ DeWind, N. K., Bonner, M. F., & Brannon, E. M. (2020).

80- __ = 30- — Figure 7. Area Manipulation during Training: Pigeons Similarly oriented objects appear more numerous. Journal
(4% 70 demonstrated similar accuracy when the total area of the of Vision, 20(4), 4. https://doi.org/10.1167/jov.20.4.4

60+ 60+ elements was either matched on both sides of the screen or Kubo, N. (2020). Changes in Pigeons’ Responses to

B0+ =—====s e e - B0t —====s - mm e - when positively correlated with numerosity. Bars represent Numerical Stimuli Depending on Total Element Area

40- 40- mean accuracy and error bars + SEM. Differences between Stimuli. Psychological Record 72, (33—
f’E}:\
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Introduction Sulfonylation of 4-Alkyl Pyridines: Post-Synthetic Modification of Catalysts, Bases, and Solvents
The crux of this project is to develop new methods for creating General ReaCtlon SCheme 4'(TOSYImethYI) Pyrldlne Used
building blocks for pharmaceuticals. We found that 4-alkyl pyridine o , Catalysts Bases Solvents
o . . . . . 0 To show the application of our newly synthesized compounds, we o
derivatives can readily undergo sulfonylation using various sulfonyl R R R N 0 weak
, , , o o ¢ CuN g further treated one of our targeted products (4-(tosylmethyl) N Cs,CO; M DCM o el
C CsO~ "OCs
chloride derivates under mild conditions. These methods can be _ °s! bmAP _ o o DMAP -
. ] * RO ] pyridine) with different reagents. N . o
used to create parts of pharmaceutical drugs. N DCM, 0°C—rt N Et;N “TONTS THF Q
Br@ )
TBATB 4\ﬂ® A~ A~
- @ 5 “~_N KO'Bu Ko\L EtOH OH
s L
I . . . . J | \{ o
Exploring Scopes and Limitations 2 ac paisaumoncamon WS LN WA
° ° ° N / \
Synthesis of 4-Alkyl Pyridine Ol I I}
Et3N //
PrecurSO IS _ qéjc' DMAP > ‘ » Each reaction performed better using certain bases, solvents,
Ny +/©/ ° DCM o°c; t . NaH | Br and catalysts
Synthesis of precursors was achieved either by Horner- " | r GT;% THE:DMF, rt A<) y
Wadsworth-Emmons (HWE) reaction or Wittig reaction followed by « Stronger bases are more dangerous to use due to high
hydrogenation. The resulting compounds were used to test the \Q 0 reactivity
. . . . Et3N //S Br r/\/BI'
scope of the reaction using sulfonyl chloride in a later step. O\\S\/C' DMAP ° p \Q o | ?Q \Q o ? Cs,CO, \Q o  Some bases and solvents reacted together which inhibits the
] +/©/ o ] | g’ LiHMDS g’ TBATB g’ .
~ SN DCM, 0°C—rt SN o - o - ] reaction
o. O 739 = | THF, 0°C —rt = | DMSO, rt = | . . - .
H o P Sy \ Sy « Certain solvents were harder to remove in the purification
/o KO'Bu
O o 0 _ 73% 89% process
| \/ i /\OLP\O\/ DCM, rt | \/ 0 o( \©\ [
N N S// O ® °
e e 0 o SN o ) Pharmaceutical Potential
~ \ - o
o j 7 \ v g
7 Hz, PAIC N DCM, 0°C—rt S B o The compounds we created can be further manipulated
B EtoH, it [ 7y ThE reflux ] to gain access to complex synthetic intermediates in
N N > | . .
10, 5 . " CO,Et pharmaceutical drugs more readily. They have been
64%
EeN \QS// P clinically shown to treat cancers, malaria, arthritis,
o) o) 3 /)
H o R © | P ~ “s\\;)c' DMAP 2 tuberculosis, and other serious conditions. This project
« %p@ OB Q SN DCM, 0°C—rt SN streamlines the drug manufacturing process by
+ ® J
W @ o e P 75% ] developing more efficient methods to synthesize
. . building blocks of crucial pyridine-containing drugs.
: o Characterization -
r Hy, Pl S X0
N soH, e D « Melting Point tells us how strong our Sulfasalazine N O
N” N” Purification compound's intermolecular forces are and how pure itis disease-modifying an.ti.— )
71% « Nuclear Magnetic Resonance (NMR) gives information rheumatic drug (arthritis) o
» Acid-Base Extraction about how many unique hydrogens and carbons are in our
o~ o~ + Recrystallization compound - %
» Flash Column Chromatograph « Mass Spectrometry gives information about the chemical
orapny Pe /9 Acknowledgments
P composition of the compound
R | would like to thank the Secondary Student Training
| \ EtOH/DCM | \ . . .« .
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Time-of-day-dependent seizure mortality in a mouse model of
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Introduction

Graphical Abstract

Ariana Hernandez-Vazquez', Benjamin L Kreitlow?-¢, and Gordon F Buchanan2%

— Epilepsy is a neurological disease characterized HYPOTHESIS: Scn1aR7407X* mice are more likely to die following heat-induced seizures

by spontaneous seizures.

— The phenomenon where a person dies due to a
seizure is known as sudden unexpected death
in epilepsy (SUDEP)'

— SUDEP happens more during the night in both
humans and rodent models23

— Nighttime SUDEP risk appears to have a circadian
rhythm component*

— Dravet Syndrome is a form of epilepsy that starts
early in life and has a high risk of SUDEP®

Materials and Methods

Mouse Model: Scn1aR’407X* mouse model of Dravet
Syndrome. These mice experience potentially fatal
seizures shortly after development and are
susceptible to heat-induced seizures®’”

1. Mice were genotyped by routine PCR
2. Mice were weaned at post-natal day 21

——
[ A

3. Radio telemeters were implanted into the
subcutaneous space to measure temperature

4. Throughout the studied, animals were monitored
for spontaneous seizure-associated death

5. Animals were subject to a single heat induced
seizure at Zeitgeber Time (ZT) 6 or 18

6. Animals were allowed to acclimate to the
chamber for 10 minutes with their temperature
held at 37.5 °C before increasing their
temperature by 0.5 °C every couple of minutes’.

7. Temperature and video was analyzed post-hoc

during the night.

>

Survival (%)
(=23
o
1

0
0 T T T 1

(] 10 20 30 40
Age (days)

100 — Wild-Type
80 lj — SC"1aR1407X/¢

Results

B Nighttime / Transition
O Daytime

Fig 1. The Scn1aR1407X/+ mouse model of Dravet Syndrome experiences spontaneous,
seizure- associated death. Shortly after weaning (post-natal day 21; hashed line), mice
experience spontaneous, seizure-associated death (A). Mice were housed in a 12:12 light-dark
cycle (lights on at 6 AM, off at 6 PM) and monitored throughout the day (7:30 AM until 4:30
PM). Deaths that occured during this time were considered daytime deaths, whiie those outiside
of this window were groups as nighttime or transition (within 1.5 hours of light cycle change).
Three of the four observed deaths occured during the nighttime or transition period (B). Animals
that were euthanized or died following a heat-induced seizure were excluded from analysis.
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Fig 3. Core body temperature at time of
seizure. Seizures induced during the day are
associated with a lower temperature required
to induce a seizure and increased variability
compared to those induced at night (A).
However, when comparing baseline
temperature, mice have higher core body
temperature during the night (B).
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Fig 4. Duration and severity of
heat-induced seizures does not appear
to be influenced by time of day. Video
collected from infrared cameras were
analyzed post hoc to determine the
duration and severity of heat-induced
seizures.
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Fig 2. Representative temperature
recording during a heat-induced
seizure trial. Mice were acclimated
for 10 min at 37.5 °C and then slowly
warmed up with a heat lamp until
experiencing a seizure.
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Fig 5. Heat-induced seizures
appear to be more fatal during
the night. While seizures induced
during the day were never fatal, 2/3
of seizures resulted in death.
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Discussion/Conclusion

— SUDEP is more likely to occur during the night.

— Although spontaneous deaths in the Scn1aR7407x+
have been shown to occur more often during the
night, whether or not this is true for heat-induced
seizures is unknown.

— Preliminary evidence from this study demonstrates
that heat-induced seizures that occur during
the night are more likely to be fatal.

— However, it is not clear which mechanisms
contribute to this nighttime risk.

— Two potential contributors are the suprachiasmatic
nucleus, the body’s circadian pacemaker or
oscillating neurotransmitters, such as serotonin.

Future Directions

Will the rhythm of death persist if:

1. The brain’s circadian pacemaker is destroyed?

Days

28
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2. Serotonin neurons are eliminated from the brain?

o Tryptophan
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o~ + g — with SHT
Y
[
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=7 ¢ [serotonin(5+1)

parachlorophenylalanine
(PCPA)

PCPA-depleted
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Project Goals: . . . .
o o Fig 4. Semi-log data plots of Al% as a function of CEA concentration level (a) and as a (a) Homepage displays test instructions and records username, date and time of test, (b)
* Create an efficient data acquisition system (DAQ) for the function of CA 19-9 (B). R-squared values for the regression expressions confirm a Loading page 10s progress bar. (c) Results page displays % current-change graph, antigen
colorectal cancer (CRC) SiNW array biosensor silicon. strong correlation between Al% and antigen concentration concentration level and patient diagnosis

* Facilitate the biosensor’s use as point of care test.
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Endometrial Cancer (EC) one of few cancers with

cases on a rise in recent years. It is the most common

gynecological malignancy equating to around 12,000

Fallopian tube

deaths each year. Q\ —,

— —Endometrium
Cancer
‘C‘ Myometrium

o= Fig. 1 an image of the
female reproductive
organs showing the
location of
endometrial cancer.

Uterus

Cervix

| —Vagina

SETDB1 is a H3K9 methyltransferase involved in gene
silencing. It has been identified as an oncogene in

various cancers creating a need to better understand
its mechanisms of amplification, overexpression, and
activation. It is usually overexpressed and correlates

with the worst EC patient prognosis.
SETDB1
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Fig. 2 an
image of
SETDB1
expression

w1 High Expression (n=365) and prognosis
2% Low Expression (n=176) _ p=0.0022 ... jn EC patients.
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mCherry is a member of the mFruits family and is a

basic red fluorescent protein. The protein has been
used to visualize genes and analyze their function. It
glows red when exposed to green light.

KDMA4A is a lysine specific demethylase that
demethylates H3K9/36. It has been identified as

an oncogene and is usually overexpressed correlating
with EC progression and poorer patient prognosis.

KDM4A
: Fig. 3 an
T | ~ image of
0:3_ KDM4A
N expression
01_§L ngh EXpreSSion (n=430) and ro nOS|S
" |i® Low Expression (n=111) p=0.062 , P g,
Y0 A M S — 4= 0 EC patients.
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GFP is the green fluorescent protein. It is often used
to monitor gene expression and glows green when
exposed to blue light.

Verify mCherry as a stable SETDB1 reporter in ECC1,
Hec50 and ISH cells

Study how overexpression of KDM4A-GFP correlates
with SETDB1 expression

SETDB1 Reporter (mCherry)

e Method 1 transfect ECC1, Hec50, and Ishikawa cells
with SETDB1 ex22 sgRNA-lentCRISPR v1 and SETDB1
reporter gene (SETDB1-hygromycin-mCherry)

999999999 Chromosom

55555555555

5 1 2 3 45 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 3
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Fig. 4 graphical representation
of the vectorinserted into
SETDB1.

e Method 2 determine which single clone has correct
SETDB1 reporter insertion in gDNA using PCR to
identify the clone. Then run an agarose gel and use
chemidoc to check gel bands for insertion.

Fig. 5 diagram of PCR
tube set up that was
used to check for
SETDB1 reporter
Insertion.

ECC1 ECC1 ECC1 Hec50 Hec50 Hec50 gy ISH

* Method 3 grow positive clones

: : Fig. 6

into spheroids and use a e o

fluorescent microscope to suspected

visualize reporter expression. mCherry
expression.

KDMA4A Overexpression

* Method 1 transfect reporter positive clones with
KDM4A — GFP at two different densities (10k and 20k)

Fig. 7 graphical

representation of
KDM4A-GFP that
was transfected.
e Method 2 grow clones into spheroids and use a
fluorescent microscope to visualize SETDB1 and
KDMA4A expression.

Fig. 8 diagram of
mCherry expression.

Fig. 9 diagram of
GFP expression.

Fig. 10 diagram of
merged expression.
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Fig. 11 graphical representation of band
sizes that are expected for negative and
positive clones.
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Fig. 12 these images show the agarose gel
bands from PCR that were ran to confirm
insertion of the mCherry vector.
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KDMA4A Overexpression
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mCherry GFP Merged mCherr GFP Merged
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Fig. 13 these images show the spheroids of cells that were transfected with SETDB1 reporter and KDM4A-GFP.
They were taken using a florescent microscope.
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Macroinvertebrates Bioaccumulate Pharmaceuticals and Neonicotinoids in an Effluent-
Dominated Stream: A Tale of Bugs on Drugs

Krisha Kapoor, Grant Hemphill, Alyssa Mianecki, & Gregory LeFevre IDWA Civil and Environmental

Engineering

Introduction Results Data Analysis

* Waterbodies receive high amounts of neonicotinoids . . , Effluent Water Effluent
and pharmaceuticals from runoff and wastewater Upstream Biota Concentrations Upstream Water = Bupropion BUGS ) et
* The purpose of this study is to investigate if X 5 " Citalopram
: : : Imidacloprid e ; _
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Conclusion

Pharmaceuticals and neonicotinoids bioaccumulate in
Effluent Biota Concentrations J Effluent Water Concentrations macroinvertebrates

) ) * |midacloprid was found in upstream crawfish
G I B i ' .
Experimental Design L Swmwe  sposon * No pollutants were found in upstream bugs
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INTRODUCTION RESULTS

Collagen in the skin

A positive correlation was found between hydroxyproline content and attenuation/surface reflectivity in human skin & porcine skin
* Collagen is an abundant protein in the skin necessary for maintaining structural integrity

* Determining collagen content is required in clinical practice to characterize tissues and Human skin

o2 Porcine skin
determine disease states

* Current methods for determining collagen content are invasive and usually require . Fa
biopsies of the skin that are >25cm? )= = 090~ o ID#5 Ear =
: : : : cee & < = 1.4-
* Hydroxyproline comprises >15% of the amino acid composition in collagen — 2.5+ — _ = O ID#5 Ear
Y YP _ P ’ _ _ p g. c O Backl Figure 3. Human skin > 0.85 0 D #0 Ear o 13-

* Collagen content is commonly measured using biochemical hydroxyproline assays, 2 o s Abdomen1  hydroxyproline content S D #7 Unspecified & 0 ID #6 Ear
computer-aided histomorphometric analyses of histological sections, and sodium dodecyl % | o Back 2 (ug/mg) vs optical g 0-80- O ID #8 Back § 1.27 o ID #7 Unspecified
sulfate-polyacrylamide gel electrophoresis (SDS-PAGE) 3 15- o attenuation coefficient ‘S:‘) 0 75 — o a ID #9 Back c 1.1- O ID#8 Back

S 0 - Abdomen 2 (mm-1) Mean of o | % 10- m D #9 Back
. = 1.0- Foreskin 3 absorbance repeated in 3 =
© L 0.70- [ O _
Optical Coherence Tomography (OCT) - triplicate. Each data point = g os
. . . o . _ s 0.5 represents an individual D 0.65 | | | T 038 . . ,
 OCT is a noninvasive optical imaging modality that S atratimiCotnedm < donor. Matching shapes 0 20 40 50 s 0 20 40 60
. . . . - = c 0.0 | | | o di . O Hyd l /
provides high resolution and cross-sectional O 0 , . 5 indicate s.amples from the Hydroxyproline (ug/ma) ydroxyproline (ug/mg)
imaging O _ same patlent. . . . . ] ] ] ]
O Hydroxyproline (ug/mg) Figure 6. Porcine skin hydroxyproline content (pg/mg) vs Figure 7. Porcine skin hydroxyproline content (ug/mg) vs

* Allows for collagen estimation using attenuation surface reflectivity (AU). Mean of absorbance values repeated ~ optical attenuation coefficient (mm™). Mean of absorbance

and surface reflectivity values 11— . . in triplicate. Each data point represents an individual donor. values repeated in triplicate. Each data point represents an
. . =) O Backl Figure 4. Human skin Matching shapes indicate samples from the same anatomical individual donor. Matching shapes indicate samples from the
* Overcomes the need for biopsies and >24 hr. < = Abdomen1 hvdroxyproline content site. same anatomical site.
analytical testing times 2 1.0- o (ng/mg) vs surface
- ¥ Figure 1. OCT image of excised = © Bac reflectivity (AU). Mean of tei f indi f : :
+ Has not been validated or quantified g : g 5 Visible bands from SDS-PAGE indicate the presence of type | collagen in human skin
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= O shapes indicate samples 150 kDa © 0.5
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study its correlation to atten.uatlon and surface reflectivity values obtained using Hydroxyproline (ug/mg) 75 kDa S
optical coherence tomography. S 03
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c 0.2
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MATERIALS AND METHODS o 3 E
O Figure 5. Sample T 0.1
© calibration curve for .
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* Collected attenuation coefficient and surface reflectivity values < content 2 Sample ID
using a 3x3 mm section at 250 frames. Scanned in three o ! measurements.
different locations. 7 Na” o 0 Figure 8. SDS-PAGE of extracted collagen from human Figure 9. Type | collagen content in human skin determined

H d I. O | ' 0 : 10 skin. Lane 1: molecular weight marker. Lane 2: collagen using SDS-PAGE. Imagel software was used to determine
Yy roxyprq m.e d55ay ‘Ehy,,d;,";gﬁ | control from rat tail. Lane 3: Back 1. Lane 4: Abdomen 1. normalized intensity.
* Subcutaneous fat and connective tissue was removed from B Individual amino aciii@smooc Concentration (mg/mL) Lane 5: Back 2. Lane 6: Abdomen 2.

human skin samples prior to hydrolysis

HO
* Hydroxyproline calibration curve was prepared to interpolate
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* Total protein content in human skin samples was measured to
determine loading quantities in SDS-PAGE gels
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J Oiation va A positive correlation was found between hydroxyproline content and OCT
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SDS-PAGE Q\H/OH Care must be taken to ensure digested skin sample falls within the linear range of
H ¥ the hydroxyproline calibration curve
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OCT is a promising technique for the noninvasive determination of collagen
content in human skin
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Evaluation of optimal threshold settings for use of UBO Detector automated segmentation software
for assessment of White Matter Lesions on FLAIR imaging Magnetic Resonance Imaging

John LaMasters, Shivangi Jain PhD, Kelsey Baller, Jenna Springer, Michelle W. Voss PhD
Methods

Introduction

The field of study investigating aging and the brain specifically in
the area regarding the relationship between hypertension and
white matter lesions requires assessment of MRI imaging
primarily using FLAIR imaging (Wardlaw, Forte, Badji).

e Further study of the impact of aging and the brain including the
impact of exercise and hypertension require evaluation of
WML on FLAIR imaging MRI (Voss, Aghjayan).

e Gold standard technique of human evaluation of WML on
FLAIR MRI is labor intensive and time consuming.

e Several software programs have been evaluated for automated
segmentation however no specific program has been
determined to be the reference standard.

e UBO Detector has been previously validated (Jiang, Hotz,
Vanderbecq) for automated segmentation. There is potential
for error introduced due to background signal “noise” in the
MRI scans. Different threshold settings are available to adjust
the sensitivity.

e The optimal settings for use of the UBO Detector software
have not previously been determined.

e This study was performed to compare the results of 0.5 and
0.7 thresholds for automated segmentation of the UBO
Detector to the gold standard of human interpretation.

e The threshold is a percentage of voxels detected to be defined
as a WML.

Pulse Pressure at Baseline

H
=

Demographics

=
P

=
L

61.3% 38.7%

Number of participants
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Transformation of images for segmentation

A
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Assessment of WML was performed using FLAIR MRI images by 3

separate independent observers. We performed automatic
segmentations with settings 0.5 and 0.7 using the UBO Detector
software (Jiang). We used observation by human researchers as
the gold-standard.

98 participants scans were evaluated
Results of thresholding with the automated segmentations at

0.5 and 0.7 were rated by human reviewers and gradedona 1 to
3 integer scale for performance (1 = good, 2= adequate, 3= poor)

Pulse Pressure (PP) =Systolic-Diastolic Pressure

The masks given rating of 1 by two of three observers were
compiled into two intensity maps based on their pulse pressure
(PP) group (High PP >50, Low PP <=to 50)

Mask overlay of the two pulse pressure groups was performed

to evaluate degree of overlap

1 rating

Examples of FLAIR mask ratings

C Combined High and Low Pulse Pressure groups
Legend- Colors

Red = High PP

Blue = Low PP

Green/White/Purple = Qverlap
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Results

Analysis of setting 0.5 and 0.7 of UBO Detector automatic
segmentation assessment of white matter lesions on FLAIR
MRI were compared to human interpretation by 3 observers.

e Of the 98 masks rated, 64 were rated acceptable at grade 1
ny at least 2 of 3 observers

e Data from 2 participants were excluded due to missing pulse
pressure data

e 29 of the acceptable grade masks were from the high pulse
pressure group and 33 were from the low pulse pressure

group

e WML were more widely dispersed in participants with high
pulse pressure (PP)

Discussion

This study was performed to further validate the UBO Detector
automated segmentation software technology that may be
used to make the process of assessment of white matter
lesions (WML) on FLAIR imaging MRI more efficient than the
previous method of human observer interpretation.

e Several automated segmentation software programs have
been validated previously (Jiang, Hotz, Vandenberq)

e No standard reference of automated segmentation software
has been determined.

e Error in automated segmentation software can be
introduced due to background signals of the MRI scan

e Threshold Settings of 0.5 and 0.7 of the UBO Detector
software were evaluated for congruence to gold standard
manual human interpretation to identify the most accurate
settings.

e Results indicate future investigation of threshold 0.3 may
prove to be more accurate.

If a reference standard was able to be determined for
automated segmentation software programs and specific
threshold settings, it would assist researchers with efficiency
and better comparability of results for future study.

Conclusion

The performances we report of both UBO Detector
threshold settings 0.7 and 0.5 is variable and moderate
accuracy but acceptable, with most readings receiving a
rating of 1 or 2.

e Both settings consistently underestimated WML volume
and had some images with a rating of 3. This suggests
more work is needed to improve performance of
automated algorithms for WML automated
segmentation.

e Similar to other studies, both threshold settings 0.7 and
0.5 were acceptable but lower than human interpretation
and no clear reference standard was identified

e High PP is associated with microvascular disease and
the effects of WML are more diffusely located
throughout the brain compared with low pulse pressure
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Vethods and Materials Results
To investigate the effects of isoform-specific G?”Wge(i/(f)” outcrossed to a w't'® background) e | Figure 3: Drosophila L3 sple
prickle mutations on the neurological + pkspleL/pksple (sple/sple) — null mutation of the spiney-legs isoform. | o | g;rtr?rnt glag\e/ﬁilgso g?etn?](im; o
dysfunction of prickle larvae, mainly short- seizure-prone a reveals that sple mutant larvae can
d * pkpPl/pkPkl (pk/pk) — null mutation of the prickle isoform, exhibits x 0.6- associate a scent with an attractive
term memory an movement neurological degeneration and shortened lifespan £ stimulus (fructose) similar to
_ * pkplspleld/pkplesples (pk-sple13/pk-sple13) — null mutation for e 4 controls. This suggests the sple
the prickde gene mutation doos not crastically mpac
Prickle encodes two adult protein isoforms of the Planar Cell Polarity Larvae Crawling Assay $ ol | | | the ability of Drosophila larvae to
(PCP) complex, and mutations in both isoforms have been associated 1. L3 larvae were individually placed onto an 85 mm 2.5% agarose " 15& REE form an_d retaln short-term
with neurological disorders. For instance, when the prickle-spiny-legs plate_ 30 seconds of active Crawling were recorded to track the Q Q\e\6 \gC"Q\ memorles. n =30 f.OI‘ all
(sple) isoform is mutated, the fly exhibits seizures and locomotor larval movement. (Canon High Definition Vixia HFM31 Camcorder I lines. Kruskal-Wallis test
defects that mimic those found in human PRICKLE patients (Ehaideb et with zoom [resolution 1920 x 1080] for higher resolution). Motion was &
al., 2016). Conversely, when the prickle-prickle isoform (pk) Is mutated, assessed using a Manual Tracking plugin of FIJI software ¢

preliminary data reveals widespread neurodegeneration in the mutant . :
. R Larval Olfactory Learning Assay Conclusions
brains, and pk/pk mutants show a pronounced reduction in fifespan. 1. L3 larvae were trained on 2M fructose agarose plates with 2 caps of
Finally, when a mutation affects the entire gene (pk-splel3) | J P P » sple mutant larvae do not show obvious locomotor defects as

intermediate phenotypes between sple/sple and pk/pk are observed. , _erl;helr 1:100 OCTH? r 1;25 I\/][CH EjShO\th below) for 5 Imtht.eti' t assessed by the crawling assay.
' © lalvac were then transierred onto an agarose piate withou e Notably, these data suggest that sple mutants only show

fructose with 2 caps of the opposite scent for 5 minutes. locomotor defects as adults

While individuals with PRICKLE mutations can present with seizures,

they also have an increased likelihood of presenting with an autism 3. Steps 1 and 2 were repeated . —
Y . . O P J With an’ 4. Larvae were immediately placed in the center of the testing plate, * sple mutant larvae do not show learning deficits as assessed by the
spectrum disorder (ASD) that includes intellectual disabllity (i.e., . . . n | | olfactorv | -
| - g deficits) (P a et al 2013) Prelimi dat which contained 1 cap of each scent. After 5 minutes, the position of arval olfactory learning assay.
carning ant memory deticl s) (Paemka et al., )- Pre minary data each larvae was recorded. e Similar to the locomotor assay results, sple mutants only show
In the Manak laboratory has shown that adult sple mutants, in addition 5 The performance index was then calculated learning deficits as adults
to manifesting seizures, show learning deficits (Figure 1a). Therefore, ' P '

we wanted to determine whether locomotor or learning deficits were
also manifest in earlier life stages of development of the sple mutants
(l.e., larvae; Fig. 1b).

5 minutes Future Directions

X2 * |Increase the sample size for each strain for both experiments.
frui't\gse Q “ Q ‘ * Explore automating movement tracking to standardize tracking and
allow for assessing more detailed tracking parameters.
 Employ the learning assays with an aversive rather than attractive
stimulus (NaCl or Quinone) to determine whether learning ability

* %k %

a

067 052 052

o
5 047 Training Testing differs between control and mutants.
£
‘E 0.2 . Drosophila life cycle Larva 2 ReSU ItS ACkﬂOWledgem entS
a 'X N - 5 bk mutant | but not * This work was supported by a grant from the Stead Family
igure 2. Mmutant iarvae, put no - - .
"o = | Spgie mutaI?]t arvae Show an increase Department of Pediatrics, Carver College of Medicine to JRM.
] NS ’
< Nhia wana " | in locomotor speed. Note the wide d fik - < and - lab §
. : 3- | variance of velocities for the pk/pk * | would like to than _Dr. Mana and everyone in the Manak lab for
E B isoforms. However, the median speed
| | | — for pk/pk is higher than the other References
Figure 1: Adult Drosophila prickle mutants show a decreased 3 isoforms and shows a statistically s —
I - - : - : : . : haideb, S. N., Wignall, E. A., I , H. L., Lilienthal, A. J., k, A. G., Ki
ability to learn. a) The Performance Index (P.l.) indicates how well - significant increase in velocity. Notably, " Manalk 2. R, (3016), Mutation of othologeusprickiegenss cauies a Simiar epllepsy Syndrome in ies and humans. Annals of Cieal and
the adult fly learns to associate smell with an electric shock. > the sple/sple mutant velocities are not , qranslatonaifieuroiogy, 8(9), 655 107 ips/ldoLorgll0uL00z/cn8.834 - o
k/ k t t h d h h d t t I . - Significantly differe nt than CcO ntrOI Mi%tine’, Tﬁnl??ir(’j, T., ,Shglx‘veerr,sli. G Ff(l)’seﬁfe:g?g.azi, M’cCoen,neIi, J? Mgsar,l-Khetélrerl],g’S., |’3€I‘IL'J),/-KI:aViSe,r|]E’., B(Zfs’suk, A’. G%Jr(g%ti’l).’
p p mutants snowed no C ange wnen Compare O contro 81 0 : : : : t th t th | t t I’ thltat/i/c:jnS' in |c;r1igkieo;Jét/r_\ol_(r)]gszgigs&sgilzzuresin flies, mice, and humans. The American Journal of Human Genetics, 88(2), 138—149.
however, both the sple/sple and pk-splel3/pk-splel3 mutants show suggestng that the spie mutant larvae L e O e s Bacstk A G. Gubh. b, Avelod 1. D Gunanerdena. S. W C.oF
. -~ | . . Ly \x Q\l\ \Q ’\f'b d ¢ h | ¢ d f ¢ : &a|\|/|e ,k .J Igyg(r)lgjr, kIe a, d.,l ?co u_c:C|,t b I., rlan_s on,d., assl,t: , A\ .,tt ubb, l_., tero_ ,J.D., ﬂ_una\li)var enz,_ Y f:;Jh -F.,
3 Si n|f|Cant decrease in Short'term Iearn|n ab|l|t - X \A ‘-'oQ \@ O No ave a 1iocomortor aerecCt. lanak, J. ( ).prlc e modulates mICI‘Ol_,I ule poarlly.an ‘axonal transport to ameliorate seizures in flies. Proceedings ofthe
_ g : ' g Y *kk N Q\Q\ \g%Q n=12 for +/+ Iarvae, 10 for pk/ pk Iarvae, 4. nggg)?gggjgim A)\/ %S%?Q;Zinllg(sst))h%/vlelc%?erl i.l,gliz’fi?;:ar?rggjiglr.,o\;./El.(,).éql'?hgu/ronr,laAS..lSATO(PZ,S(;?L;)l.%ppetitive associative olfactory learning in
n = 225 adUIt ﬂIeS eaCh (assayed N 3 batCheS Of 75) p < 0001 = ‘?)\Q drosophila larvae. Journal of Visualized Experiments, (72). https://doi.org/10.3791/4334
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Introduction

2.3" H

Autism Spectrum Disorder (ASD) is found in around 1 in 44 children
(CDC)
« Common traits are challenges with social skills, repetitive
behaviors, speech and nonverbal communication’

Igf-1 is an important growth factor/hormone for neuron formation
(neurogenesis) and blood vessel development (angiogenesis)?*
« Placenta is main source of /Igf-1 prior to birth*

Some people with ASD have altered expression of IGF-1°

Recent findings show people with ASD have abnormal angiogenesis in
the brain®

We hypothesize that overexpression of Igf-1 in the
placenta will cause abnormal blood vessel development
in the brain.
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Meﬁi-ods

Results

Striatal Volume

E18 Female St:iatum Volume E18 Striatum Volume
ns
6x10° - |_| 6x10° - |_|
‘
—_ &
- s | N
g 4x10 g 4x10° -
(b @
5 5
o 2x10°- o 2x10°-
> >
ARSI, N Ll | Control  Igf1-OE Control  Igf1-OE
Coronal Section of E18 Mouse Brain P = 0.0346* P=0.0919

Significant increase in E18 female striatal volumes and
trending increase with males

Striatal Blood Vessels

Anesthetize
Pregnant Expose Uterus

Mouse at E12

Inject CRISPR
Plasmid and Allow Embryos to
Electroporate into Mature to E18
Placentas
CRISPR used to overexpress Igf-1 in mouse placentas on embryonic day

12 (E12)

 Immunohistochemistry: Stained E18 coronally-sectioned brains with
Isolectin B4 to visualize vasculature

« Microscopy and Stereology: Measured striatal volume & counted blood
vessels and branch points

« Statistics: T-test to analyze embryonic angiogenesis in control and /gf-1
overexpression samples

E18 Female Blood Vessel Density E18 Blood Vessel Density
ns ns

2.5%x10° 2.5%x105 - —

B | | N
@
g 2x10°- £ 2x10%- A
o A o A
O O
S 1.5x105- A 2 1.5x105-
Q Q
wn w
o 1x105- ® 1x1054
> =
B setos :
3 5x106 - S 5x10%-
m m
0- 0 -
Control Igf1-OE Control Igf1-OE

__P = (0.2701 __p = 02318
No significant difference in number of striatal blood vessels
regardless of sex or placental Igf-1 expression

Striatal Branch Points

E18 Female Branch Point Density E18 Branch Point Density
ns

6x10¢ - |_-| 8x10-6 -
ME N ns
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S 4x10%- S o A
> 2 .
= £ 4x10%-
o o
= 2x10%- =
= O 2x10¢-
o o
o (0]

0- 0 -
Control  Igf1-OE Control  Igf1-OE

__P = 0.5533 __p = 0.7008

No significant difference in number of striatal blood vessel
branch points regardless of sex or placental Igf-1 expression
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Conclusions

« Significant increase in striatal volume in females with a trending
iIncrease in males and females combined
* This result recapitulates previous findings from our
lab, demonstrating that placental /gf-71 levels impact
neurogenesis

* No difference in blood vessels or branch points regardless of sex
or Igf-1 placental expression

« Some people with ASD have an enlarged striatum’
 The E18 female striatum volumes from our study
also show this finding
« Enlarged striatum can contribute to the development
of ASD as the striatum controls restrictive and
repetitive behaviors’

* Previous work has shown that individuals with ASD do not show
structural differences in blood vessels but show abnormal blood
vessel organization and proliferation®

* QOur study replicates this and shows no structural
difference in blood vessels

Serial Coronal Sections of E18 Mouse Brain

Future Directions

» Continue to investigate impact of placental /gf-1 overexpression
on angiogenesis in the brain
* Further explore brain vascular development
« Splitting/Intussusceptive
* Proliferation of blood vessels
* Look into other time points such as E14, E16, and post-birth
» |nvestigate placental angiogenesis
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PHB2 reduction increases progesterone receptor (PR) expression in
endometrial cancer cells
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Background X/ Objectives
e Endometrial cancer is one of the few cancers with an * ( * o Generate PHB2 knockdown and knockout cells
increasing number of cases in recent years ° e Analyze the change in PR expression in PHB2 knockdown
e Estrogen and progesterone are and knockout cells
two hormones that regulate e Evaluate whether PHB2 is a potential target treatment
endometrial growth through oncogene

Endometrium interactions with their receptors

t Estrogen

t Progesterone - @ Estrogen promotes endometrial
growth while progesterone limits
endometrial growth

e Progesterone receptor (PR) is significantly %
downregulated in endometrial cancer patients

SgRNA oligo
pair 1

Methods

SgRNA oligo SgRNA insert
pair 2

1. Create sgRNA insert from

e PHB2 is an oncogene that can inhibit production of oligo pairs

apoptotic proteins such as caspases 3 and 8

e PHB2 is correlated with higher rates of tumorigenesis
and is negatively correlated with PR expression (Fig. 1)

e Previous Sample ID gene expressi... gene expressi... o ,
. 2. Transfect plasmid in E. Coli for
experiments have samples PHB2 PGR blasmid production
shown dramatic m - e

mt o H o

increases in PR
expression by
knocking down PHB2
e SgRNA and shRNA,
once integrated in
viruses can be used
to lower the
expression of MRNA

and proteins G T e
e N amemmere.
. ]103amples | e o R .

e ShRNA turns into e e
siRNA upon insertion = o
into target cells B

o I EEEE Ceemo---
marks proteins for &
degradation —_— [/ T

® SgRNA gLIideS CRISPR —— Figre3: results of sgRNA vector PCR omplificotio.
—_————— e —— - All of the E. coli clones selected had the correct
CCISQ tO C|eCIV9 e ————————————— SgRNA sequence.
target sequences  farer oty betueon s ana o e e sections epresent it e —
out of host genomes
ShRNA hame region Cell Knockdown |Exon
_ . 1 |PHB2-1 CDS A549 98% 5
Figure 2: ShRNA produet ™2 TpHB2-2 CDS A549 95% 4
sequences target exon 3 |PHB2-3 CDS AS49 83% 38
Orjg;2;§;2§g%§i2if?ﬁi:iii Zl F)FiEBZZ"Zl (::[)E; /\551153 E9:296 :7"23 Ishikawa
twotargetexon8. | 5 |PHB2-5 CDS A549 79% 4 con _ sh2

e The PHB2 gene is located on chromosome 12p13.31

e The available shRNA sequences target four of the ten
PHB2 exons

4. Transfect 293FT cells for lentiviral

production

5. Transduction into target cells

(ECCI1, Hec50, Ish)

6. Western blotting to analyze PR

and

Results

levels

PHB shRNA

concentration
(ug/uL)

A260/A280

PHB-shl

0.1933

1.92

PHB-sh2

0.4630

1.91

PHB-sh3

0.4004

1.91

PHB-sh4

0.2124

1.90

PHB-sh5

1.543

1.91

FIQUTe 4. Tesults Or PIasimia DNA extraction 1Tom
shRNA-transfected E. Coli. The midiprep samples of
shRNA had a concentration around 0.200 - 1.50 ug/ulL. All

the samples were pure.

PHB sgRNA

concentration
(ug/uL)

A260/A280

PHB-sgl-2

0.2932

1.87

PHB-sgl-4

0.3381

1.89

PHB-sgl-6

0.3578

1.88

PHB-sgl-7

0.2549

1.85

PHB-sg2-2

0.2783

1.86

PHB-sg2-3

0.3339

1.86

PHB-sg2-4

0.2576

1.86

PHB-sg2-7

0.3404

1.87

PHB-sg3-1

0.3616

1.88

PHB-sg3-2

0.3543

1.83

PHB-sg3-3

0.3264

1.87

PHB-sg3-4

0.3518

1.87

PHB-sg4-2

0.3655

1.87

PHB-sg4-3

0.3241

1.86

PHB-sg4-4

0.2747

1.85

PHB-sg4-5

0.4358

1.87

Figure 5:1e

sgRNA-transfected E. Coli. The miniprep samples of sgRNA
all had a concentration of about 0.250 - 0.450 ug/ulL. All
the samples were pure.

Figure 6: PHB2 knockdown western blot for PR expression.
Target cells generally expressed a spectrum of percent
increases in PR expression ranging from 50-200%
compared to control cells. The reduction in PHB2 expression
is also visualized to be about 25% in ECC1 and Ishikawa cells,
and around 50% in Hec50 cells.

SUIts of plasmid DNA extraction rrom

e oF Bt

reT A

Conclusions/Implications

e Consistent PHB2 knockout and knockdown cells can be
successfully created using sgRNA and shRNA
o Survival rates were lower in current knockout cells than

knockdown cells

e A reductionin PHB2 led to an increase in PR expression by
an average of 100% in ECCI1 and Ish endometrial cancer
cell lines

e Knocking down with shRNA-3 and shRNA-4 resulted in
the highest increase of PR expression in ECC1 and Ish
cells

o Increased by around 200%

e Targeting exon 8 of PHB2 gene resulted in high PR level
increases

e PHB2 is a potential cancer treatment target oncogene

Future Directions

From our results, we discovered that targeting exon 8 for PHB2
knockdown was highly effective, but the exact function and
mechanisms of exon 8 are yet unknown. Future studies should aim to
discover the significance of exon 8 in endometrial cancer. Our lab will
continue analyzing the effect of PHB2 knockout using sgRNA in
endometrial cancer cells on PR expression. Other directions of PHB2
research should focus on analyzing the different functions and
mechanisms of PHB2 in cancer patients and the reasoning behind the
variability in the correlation between PHB2 expression and
tumorigenesis. Additionally, PHB2 research should explore the effects of
PHB2 reduction on non-target cells and how the effects of PHB2
reduction can be mediated within non-target host cells.
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PERFORMANCE SIMULATION OF A RADIATION TOLERANT QUARTZ

BASED HIGH GRANULARI

P. Loranger, J. Wetzel

Problem

As particle colliders race towards higher energies, a
variety of problems arise when trying to design and
build new detectors, particularly when designing
calorimeters used in the very forward (VF) region of a

collider:

e Scintillators take
too long to
reset, creating
pile-up

®\/F detectors are
exposed to by
extreme
amounts of
radiation,
scintillators are not tolerant enough.

®Current VF detectors have lower energy
resolution compared to primary detecto
is not used in cutting edge research.

Solution

Quartz calorimeters are the perfect
candidate for VF detector designs in
higher luminosity particle colliders.

High radiation tolerance

High energy resolutions

Detects and ‘reads’ events very
quickly

Fig 1. Cutaway diagrams of CMS detector by Tai Sakuma

TY CALORIMETER

Results

data analysis
toolkit and
Python

full dataset &
graphs

2= 28450

Energy Resolution (/E)

o 0.2

rs; VF data

Fig 6 & 7. (left to right) 4x4x4 muons energy resolution graph, 3x3x7 muons energy
resolution graph. These are 2 out of the 9 energy resolution graphs we made.

Methodology

® Layers of iron absorber and
guartz cubes, backed by SiPMs

* 4x4x4, 3x3x3, 3x3x21

® Simulation written in C++
using GEANT4 simulation
toolkit.

®Over 1,000,000 individual
simulations ran on Argon HPC!

*CERN's ROOT HEP

*4x4x4 preforms
better than 3x3x7

*See QR code for
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Fig 3, 4, & 5. (left to right) 4x4x4 10 GeV # of photons per energy graph, layered 4x4x4 # of photons per
energy graph, 4x4x4 muons energy resolution graph
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Fig 2. Rendering of 4x4x4 calorimeter
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Fig 8. QR code for updated poster and full
dataset

Conclusion

As of time of writing, our simulations are still
running and we do not have a complete set of
data, particularly for the very promising 3x3x21
calorimeter. Use the QR code above to read the
updated version of this poster our complete set
of data.
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Data Analysis and Prediction for DMQMC

Save computing resources by interpolating data across At

Songhang Man, Gabriel Smith, William Van Benschoten, James Shepherd

® 1.0'= . . ) )
Introduction Different Degree of Interpolation Summary of Findings
0.0 . . .. .
12 Y : : : i ° Interpolations can predict the original data set, even with few
Density Matrix Quantum Monte Carlo, DMQMC, stochastically : LR R igher degree interpolations have a better fit to the original data. data points.
samples the thermal Density Matrix, 5(8), where 8 = (k, T)™! , to S 0.0 i TN R  Linear interpolations suffer systemic errors in low-beta range. , , , , L
. Idp ‘ y. ¢ tﬁ(ﬁ) . p=UT) 3 P 4 9 * Higher degree interpolating splines have a better fit, in
yleld exact-on-average energies tor the system. 0.5 - » The difference between high and low degree interpolation is most general, to the data.
In DMQMC, p(f) is rewritten as: ifi ‘ .. . . .
QMC, p(B) is rewritten as e .exemplllfléd as a low percentage of the data is used to make » Cubic interpolations of 2% of the dataset results in residuals
* P(B) = f(©) = yj fi;(DID)D] T nierpotation. within 2o
with each iteration of the simulation sampling: | B (Ha=1) 2 ° Large At data systematically underestimate the energies in the
low-f range.
At —— Linear Interpolation ' Cubic Interpolation
o fii(t+ A7) = f;;(D)[1+ A1S] — =Xk |Hix frei (T) + fir, (T)Hy . : 17 v . i .
fij( ) = fi; @l =3 Ll Hucfiej (©) + fuc (D Hyg | —— Quadratic Interpolation - AE =0 | iI | [ Ll Ill‘l ', * Interpolation alone does not reconciliate this AE.
' : ' i = B I ey Y, T '1! y ‘ .| .’.:IJ.* e : : :
DMCﬂVI(; S;milr?tlfn: with STTI At prciduce high accuracy Figure 1. Normalized difference between the interpolated and g 9 o & w I ‘ Mlh * 7“ ‘~*.|;|' 'hl{‘ * Weighting and smoothing factors have not shrunk the AE.
results but with high computation cost. iqi i i ion Wi i | . . .
g P ggglnal values undgrdlfferer?t degrees of interpolation with N * In the high-8 range, large At displays similar AE to exact
. . o of the data points used in Interpolation.
We are looking for a method to save computer resource in ; %MW‘ compared to small Ar.
calculation while still retaining a relatively high accuracy. 27 -1 1, — |
0.0 12.5 25.0
Amount of Data in Interpolation o 5 10 15 20 2 Future Work
. B (Ha—1)
ResearCh QueStlon * Using cubic interpolations: — £0.0% of Data Used 1 25% of Data Usod To further investigate into the datasets and resolve the time-step
C ine int it . qt dict « The amount of data points can be reduced to 1.25% while —— 10.0% of Data Used -~ AE =0 error in low beta range, we will take the following approaches:
an spiline Interpolations be used 10 predaic o - L 2.0% of Data Used
P P P containing the residual within 2o Co ° Find out the error source: Investigate the original DMQMC

accurate small Ar DMQMC data using low-cost
large At data?

Figure 2. Normalized difference between the interpolated and
original values under different density of data used in

 Interpolations can yield good predictions with few datapoints. interpolation. calculate the error.
* Filter the data: Investigate in the point where the error

magnitudes of high and low T data converge to isolate the
Large At vs Small At high quality T data from the low beta range low quality data.

° The large At data systematically underestimate system energies in Better model: Investigate in other models/operations that

. . can fit the data better, such as applying Inverse Laplace
————————— - low beta range, which may be caused by time-step error or other . PPy g .p
AN ot | -, Transform on the spline of the datapoints. According to our

errors exacerbated in the high At setting. . .
result in step 4, the 51" degree polynomial curve seems to

« Qutliers in a peak at the first few interpolation points. algorithm to identify the source of error, run calculations to

Methods

Data analysis was done on the stretched Hg linear chain. = —0.002 -

‘c ‘s

AE (H

The interpolations were tested by: —0.004 -

_,/ 4 .
« Extracting evenly spaced points from the original dataset. Differences between Interpolstions * |n high beta range, 0.01 Az displays a similar error magnitude to . : .
.g | Yy SP P | | J o —0.006 - |/ e ooy e 1, J J9¢ T display J have a relatively good fit to the data, which can also be
» Comparing different degree interpolations to the original | vV | | i exact data compares to 0.007 Az. investigated
dataset. 0 ° 12 (Ha_ll)‘:“ 20 » * Interpolation by itself does not help reconciliating the gap

* For cubic spline, altering number of data points in

— 0.001 7 — 0.010 7 0.017’s Interpolation
interpolation. o002 —— AB~0| | 0002 Inerpolation Acknowledgments

Figure 3. (Main Plot) Energy differences between the, 0.001A7
0.002A7, 0.010A7 dataset and ft-FCI. (Inset) Energy difference
e Comparing original large At and small At datasets. between the Interpolation of high At data and 0.001A7 data.
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« Comparing large At interpolations with small At dataset.

 Altering the high At interpolation with weighting and
smoothing factors.
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Weighting and Smoothing

0 5) 10 15 20 25
: : : * The manipulations in weight and smoothing have not reduced the o
Python Libraries Variables | P! J J B (Ha™) R f
. Data processing° Pandas NumPy . Degree Of polynom|a| dlfference In the IOW beta darea smoothing factor = 1 smoothing factor = 1000000.0 e erences
. ) . . . . ) smoothing factor = 100 = AE =0
. in internolation  The lines with different smoothlng factors overlap on this scale. smoothing factor = 10000.0 Blunt, N. S., Rogers, T. W., Spencer, J. S., & Foulkes, W. M. C. (2014). Density-matrix quantum Monte Carlo
° Interpolatlon: P method. Physical Review B, 89(24). https://doi.org/10.1103/physrevb.89.245124
VR ivari ' . « We speculate that the smoothing factor has reached a Fi .E diff bet the weighted (i 1
SCIpy°mterp0|ate°Umvarlatesplme Percentage Of data P g 1gure 4. Lhergy ditlerence between the weighte (inverse Y Petras, H. R., Ramadugu, S. K., Malone, F. D., & Shepherd, J. J. (2020). Using Density Matrix Quantum Monte

o Plotting' MGTp'OT“b used in interpolation threshold that results in a Single 5th degree curve. The related to the residual in figure 3) interpolation and 0.001 At Carlo for Calculating Exact-on-Average Energies for ab Initio Hamiltonians in a Finite Basis Set. Journal of
smoothing is a topic for future investigation.

Chemical Theory and Computation, 16(2), 1029-1038. https://doi.org/10.1021/acs.jctc.9b01080
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oh... ok, potus was visiting

the hospital when he wore  oh ok potus visiting

one. fine.. but a psa from hospital wore one fine psa
flotus now? not happening!  flotus happening nomask
#nomask

the gov not has no
do with this...facemasks do  gov nothing thisfacemasks

work way think provide gov,no
security

oh,ok, potus visiting,hospital wore,one fine,psa, flotus,happening,nomask  oh,ok,potu,visit, hospit,wore,on, fine,psa,flotu,happen,nomask

thing to

not work the way people
think but provide a false false sense
nse of security.

because a mask does not .
) save lives
save lives!

thing, thisfacemasks, work,way.think, provide,false,sense,security gov,noth, thisfacemask,work,wai.think,provid fals,sens,secur

save,lives save,live

i refuse to wear a mask
because i am not sick andi refuse sick silenced

will not be silenced! facemasks . . .
refuse, si ilenced,facemasks, coronavirushoa
#facemasks coronavirushoax standup

#coronavirushoax #standup  wwgwga

#wwglwga

that's hilarious! nobody

listens to that clown thats hilarious nobody
#scamdemic2020 listens clown scamdemic
#coronavirushoax coronavirushoax nomasks
#nomas ks liberalismisamentaldisorder
#liberalismisamentaldisorder

x,standup,wwgwga refus, sick,silenc, facemask, coronaviru

thats,hilarious,nobody, listens, clown,scamdemic,coronavirushoax,nomasks  that,hilari,nobodi,listen,clown,sc

Introduction 1

e | am Elizabeth North, | am from Saint Andrew's
School in Florida.

e | enjoy computer science and economics,
specifically artificial intelligence and machine
learning.

e The projects we are working on are very significant
since they involve real-world issues that have an
Impact on our society.

3
Research question
e What are the main reasons why people did/did not
wear a mask during the COVID-19 pandemic?
e We analyzed 10,000 Tweets to provide data for the
artificial intelligence. 5

Consequences

e This can be used to find the reasons to many
different queries, primarily why people did/did not 7
wear a mask during the COVID-19 pandemic.
e From that data, government officials can alleviate
some troubles people have regarding masking, help
promote healthier ways to live, and make more
informed decisions regarding masking.

shoax,standup,wwgwga

amdem,coronavirushoax,nomas
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People Did Not Wear Mask
19 Pandemic
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Methods

First, we used analyzed ten thousand posts manually to
classify the data into containing a reason or not containing
a reason to provide data for the model.

We used exploratory/descriptive analysis and topic
modeling in order to group the posts together, then
visualized them using word clouds. The posts would get
categorized by frequently appearing word groups or
phrases and how often they appeared together.

Based on that data, we can train a machine learning
algorithm to find which posts have reasons and which do
not automatically.

Then, we train and tune the decision tree model to find the
highest accuracy for classifying posts.

Results

To the left are some of the major reasons why
people didn't wear masks.

When we trained our model and tested it, we found
that it had an accuracy rating of 70%.

Accuracy Rating

precision recall fl-score support

0 0.67 0.85 0.75 1556

1 .77 0.54 0.64 1444

accuracy 0.70 3000
macro avg 0.72 0.69 0.69 3000
weighted avg 0.71 0.70 0.69 3000

With more fine-tuning or a more advanced model,
we can further increase the model's accuracy and
performance.

Once we have a high enough performance, we plan
on using this model to classify one million Tweets
so that we will have a much more comprehensive
understanding of why people did not wear masks.
More accuracy means it will be more helpful to
discover the primary reasons why people are for or
against a topic.

Business Analytics
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Figure 3. Representative fluorescence micrographs of MC3T3-E1 (subclone 4) cells at 24 hours after transfection with 0.5 pg of
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MEM-alpha rhCST6 (10 ng/mL) in OM

* Cystatin E/M (CST6) has been associated with the inhibition of osteoclast — %

differentiation (Li et al.,, 2021). We proposed that CST6 might promote
osteogenic differentiation.

» Different doses of CST6 protein may promote osteogenic differentiation of the
pre-osteoblastic MC3T3-E1 cells. Mineralization of the differentiated cells can
be visualized at the end of the study using Alizarin Red S Staining (2.1).

« SM102-based lipid nanoparticles can be fabricated using a microfluidic device

\. N »‘_ = //

rhCST6 (50 ng/mL) in OM

N
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to encapsulate CST6-encoding MRNA to deliver the mRNA to cells (2_2)_ _ == g Capl-hCST6-eGFP-A%20 cmRNA using Lipofectamine 2000 (cmRNA: Llpofectaml_ne 2000: ra_ltlo = 1:2). Cells were seeded into 24-
. _ : . o bBMP-2 (100 ng/mL) in OM well plates at the density of 50,000 cells per well and left to attach for 24 hours prior to experiment. Scale bars represent 400 pum.
* Use of modified nucleosides like pseudouridine and N1-methyl pseudouridine 8 | (A) (B)
can affect the translation of the cmRNA transcript. We tested this using eGFP Y O " oo 23 hours post-transfection ' 20 hours post-transfection (C) (D)
. . . — F¥ T -~ 107 3 i
as a reporter gene to assess the nucleosides’ impact on transfection (2.3). S oo < | € g A 2 S ; 400°
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— \ %QO > fc)(g(p@ Cap1-hCST6-P2A-eGFP-A,,, Figure 4. Transfection efficiency in MC3T3-E1 (subclone 4) cells transfected with in vitro-transcribed Capl-P2A-eGFP-A;,;, MRNAs. The eGFP
1 @ Q expression was assessed using flow cytometry and Lipofectamine 2000 was used as the transfection agent (cmRNA: Lipofectamine 2000: ratio =
Modification: o(& \/@e 1:2). (A) and (B) show the transfection efficiency at 24 hours and 48 hours after transfection (n = 4 per group). Statistical analysis was done one-way
hCST6 Protein Monolayer cultures of Alizarin Red S Staining b VIS ANOVA W|_th multiple comparison tests using Turkey’s test. *p < 0.05 between different b_ase modifications at 0.25_ ug—mRNA_ d_ose, and *fp < 0.05
Treatments Pre-osteoblasts (MC3T3-E1) between dlffer_ent base modlflcgtlons at 0.5 ug—mRNA dos_e. (C) and (D) show representative flow cytometry data with (C) depicting the gating of the
3.0 target population and (D) showing representative transfection data.
2.5
22 N anoparticle FO rmUIation 70 . Si;e [IJistlribLIltion of Blgnlg LNIPs | . ISizle Distribution of IcmRNA LNP;
: 1 18| Parameter Blank LNPs mRNA LNPs
Plasmid DNA 5 sum som .- 1ailed MRNA 1.5 6 |
- Containin " 1
Containing A Canoia with hCST6-P2%\- 1.0 S ol Sl Hydrodynamic Diameter (nm) 60.53 +1.18 90.79 +2.12
hCST6-P2A- Cap 1 SE)IF:JC?UFG l eGFP *E 8t -*Em-
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‘ . The cells treated with recombinant human CST6 protein produced noticeable | would like to give special thanks to Dr. Salem and Pornpoj Phruttiwanichakun for mentoring me
2.3 Transfection of MC3T3-E1cells calcium deposits after Alizarin Red S staining ~and giving me the opportunity to work in a lab. I would also like to thank the Belin Blank center and
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Neuroanatomical Correlates of Noun and Verb Retrieval in the Controlled
Oral Word Association Test
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Introduction Results A 4 D B <10
- Previous neuroimaging studies show a double dissociation Gender . . A" L O £ 'y
between nouns and verbsl!'] Etiologies { \ -
« Verbs -- frontal lobel'-2 439% 57 % ran 5% A *‘if_}. R'Il("-' ' Q'fi'
87 ‘ ) A ,{‘_\ J i b ‘ | ‘;3" '; ™\
« Nouns -- temporal lobel-2] Stroke - Ischemic £ ) " g
» Controlled Oral Word Association (COWA) test is a verbal g i Reiene | i N 7 |
fluency test where participants have 1 minute to say as Women Men § | , vy -'

11% 8 Stroke - Hemorrhagic !

many words as possible that begin with a given letter.

Resection - Tumor

Resection - AVM or R S N L R P s ’ L

* Hypothesis: Can parts-of-speech -
analysis of COWA data be used Cavernoma
with the lesion method to offer new Encephalitis - HSE Fig. 4. Results overlayed on MNI152 brain slices at z = 40mm
perspectives on the double and z = -10mm in radiographic orientation. (A) Bias against
. . Resection - Abscess, SAH - Clip, : : : :
dissociation between nouns and 50/0 26.2% end Trauma - Closed Unknm'vn verb retrieval is associated with damage to the precentral

gyrus. (B) Bias against noun retrieval is associated with

. o
verbs in the brain’ damage to white matter

Of participants were
African American,

Fig.1. Neural models regarding the | | - -
Methods process of nouns and verbs.2 'Smker'can Ind(';?]' Discussion
e — NKNOWN, Or el

* Participants: 226 patients with focal, stable, acquired

brain lesions from the lowa Neurological Patient Registry. * Replicated previous results that showed

differentiation between nouns and verbs

» Limitation with homographs, POS tagger, and
lost 5% of words due to illegibility

Fig. 2.1. Lesion
overlap map from
an axial cut. Blue
and pink represent
our ROls and are

lesions of
participants in a * Full brain analysis

separate study.’

Future Directions

 Use modeling approach that gives likelihood,
not fixed categories

* EXxplore other parts of speech (e.g. adjectives)

Fig. 2.2. Lesion
overlap map in
a sagittal cut.
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. Neuroanatomical Correlates — LESYMAP Analysis associated with verb retrieval and blue regions are associated with noun retrieval.
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Introduction

The lack of physical activity increases the likelihood of
developing non-communicable diseases including type
two diabetes and cancer.’? While life-style
recommendations, like exercise, are plausible for
people with intact central nervous systems (CNS), it is
challenging for people with paralysis because they
cannot volitionally “turn on” their paralyzed muscles.

After muscle paralysis people with metabolic disease lose their sensitivity to
insulin and are unable to move glucose out of the bloodstream leading to
diabetes. Recent research supports that only 15 minutes of exercise after a
meal removes glucose from the blood stream requiring less need for insulin.3
We sought to understand if standing with or without “electrically induced”
exercise, Increases HR and reduces key biomarkers, like insulin, in people
with and without paralysis from spinal cord injury (SCI).

Purpose and Hypothesis

We aim to determine if passive and active stance triggers an increase in heart
rate (HR) and regulates metabolic biomarkers in individuals with and without
SCIl. We expect that passive and active stance will both increase HR and
attenuate peak insulin and glucose levels in people with and without SCI.

Methods

Participants: One male (age XX) without &
SCI| and one male (age xx) with SCI.

Design: Two Sessions of Stance: with or 8 s
without exercise of the quad/HS muscles =%
before and after a balanced meal ‘ =

Exercise: Electrically induced using 3 Hz
frequency and ~ 100 milliamps intensity.

Instrumented wheelchair to introduce electrically induced exercise in the
supine and upright stance positions. Note the identical lower extremity joint
angles in upright (A) and supine (B) conditions offering the first valid

comparison about systemic upright cardiovascular stress and electrically
induced exercise on HR and metabolic biomarkers (insulin and glucose).

Outcome measures: HR, LF/HF, Insulin,
and Glucose

Results

—{— Non-SCI - Control
0 O~ Non-SCl - 3Hz Exercise
80 - —— SCI| - Control
A SCl - 3Hz Exercise

Study Timeline
Insulin levels after a meal are reduced during stance and 3 Hz

exercise as compared to stance without exercise in both

participants.
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Study Timeline
Heartrate with stance and 3 Hz exercise is increased in both
participants.
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Study Timeline

Glucose levels after a meal are reduced with stance and 3 Hz
exercise but only in participant without SCI.

25 -
—{O— Non-5Cl - Control

& Non-SCl - 3Hz Exercise
—— SCl - Control

A SCl - 3Hz Exercise

LF/HF Ratio (%)

Study Timeline

LF/HF, as an index of sympathetic vagal tone, is greatest with
stance and 3 Hz exercise in both participants.

Conclusions and Clinical Implications

The first major finding of this preliminary “proof of concept” study is that stance and
electrically induced exercise increased HR, LF/HF, and attenuated peak insulin
levels following a meal in a person with SCI. The second important discovery is that
when the stance was combined with electrically induced exercise there was an
even greater reduction in insulin compared with stance alone. A limitation is that we
do not know Iif the electrical stimulation in supine would yield a similar outcome as
stance, and that is the focus of an ongoing trial. These preliminary results offer the
first metabolic analysis of stance with and without electrically induced exercise in a

person with SCI.
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Introduction Results

The lack of physical activity increases the likelihood of developing

9 diab 3 Exercise Timing - Meals Do You Refer to Exercise Specialists? To Which Specialists do you Refer?*
non-communicable diseases Including type two diabetes an 100 75
75
: : : : : 83.3 MD mPT MD PT
cancer.’2 Metabolic disease is a primary predictor of all cause s oo DM m
mortality. The emphasis In medicine on prescriptive drugs may 3 ., g 50 225 :
overshadow a “patient centered” lifestyle approach, including - N §25 - -
exercise, for patients with metabolic disease."?2 We sought to N . L S 158 0
. “ye . .y . . 0 2. hysical ersonal her
Survey phySICIanS and rehabilitation SpeCla“StS to determine |If Notimingw/ Immediate  Immediate  >1H post- 0 5 Tie»:'apist TPrainer/Ex P:xi%i':m >
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exercise is prescribed for people with metabolic impairment and the A p ves, Always - Sometimes  No, Never et
type of exercise that is recommended. What Heart Rate do you Recommend? How 'V'a”\; SESS‘O“S/V(;’?eekdOVOU Are You An Active Exerciser?
ecommenda:
Insulin opens the “door” for glucose to leave the bloodstream and ST VI . 100 100 925 g5 MD  m PT
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enter external organs, like muscle. People with metabolic disease . " 75 75
lose their sensitivity to insulin and are unable to remove glucose out S 50 S 50 s T
of the bloodstream after a meal. Recent research supports that only 25 167 200 Sy S0 kS
: : 33 40 33 40 6-7 0.0 25
15 minutes of exercise after a meal removes glucose from the blood 0 0 75 105
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in the absence of insulin.° We sought to survey physicians and i e pecly iR Sessions  Sessions Sessions  Specify Ves NO
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The aims of this study are to determine the dose of exercise that healthcare providers & N & S
. . . . . . . 167 200 "~ 20.0 25
(physicians and physical therapists) recommend, and whether the timing of exercise is related to 2 7 7 e =
eating for people with metabolic impairment. We expect that healthcare providers (physicians ° 1o 03 3040 4060 DoNot 0 0
: . . . . . Min Min Min Min  Specify Duration Anytime Do Not Specify ~ Morning Aerobic  Anaerobic General Activity
and physical therapists) recommend exercise consistently, but that neither healthcare specialty Time *Select all that apply

considers time of meals when prescribing exercise.

Conclusions and Clinical Implications
Methods

The first major finding of this study is that neither rehab specialists or physicians
| | Dartici _ recommend exercise following a meal. This finding suggests healthcare
exéfrZEZ,addl'iﬁuyfy”&fjfffioar:fnuetnd _p_a5r€t)|<|:5| alpt;;. i health ¥ practitioners are not aware of the contemporary research supporting that 15
nt:a”“eye"e“'”: . S Y |SM-[s)pdea m{q ea}[ Z?)re PIOVIGETS minutes of exercise following a meal significantly reduces post-prandial insulin
even iepartmen s (40) . levels.® A second major finding is that rehabilitation specialists recommend 20%

* One Rehabillitation department of physical . . o L .
. more anaerobic exercise and 13% more general activity as compared with

therapists (PT) (19) . L . .

physicians. Lastly, there Is Internal consistency between rehab specialists and
Data Collection and Analysis: Each healthcare provider physicians among several aspects of exercise prescription. Methods to translate

completed a 10-question survey regarding their standard new research findings into the clinic may be needed for all healthcare specialties.
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Background

* Chylomicrons/Very high-density lipoproteins (VLDL)
transport fats to tissues (heart, muscle, adipose).

* High density lipoprotein (HDL) carries cholesterol to
liver. High levels of HDL = lower risk of heart disease

 Endothelial lipase (EL) regulates and reduces HDL

* Lipoprotein lipase (LPL) is a critical enzyme that clears
and reduces fat in the bloodstream.

Chylomicron

-

HDL levels .+

e Free Fatty Acids

TG levels

* Angiopoietin-like 3 (ANGPTL3) binds and inhibits EL
causing an increase of HDL cholesterol in the bloodstream
e ANGPTL3 can form a complex with ANGPTLS8 to bind and
inhibit LPL and causes more fat to remain in the
bloodstream

* Humans lacking ANGPTL3 are protected against

cardiovascular disease

Methods

1. Site- directed mutagenesis 2. Protein Expression

e PCR e Culture cells
* Ligation  Transfection
* Transformation  Harvesting

*  Culture  Western blot

 Plasmid purification
* Sequencing
* Large scale plasmid

3. Functional

characterization
 EL inhibition assay
 LPL inhibition assay

 EL binding assay

EL Binding Assay Results

purification
Q O 7 D
\“/ ACTACATCTACACTACAA
: -
Results

PCR Products

A B 91 93 94

ANGPTL3

ANGPTL8

Western Blot
95 98 99 pEB14 kD

Figure 1. (A) PCR results mutants pA3A91-99. (B) Western blot set 1 cell media results. Protein was only

expressed in mutant pA3A95 (S25A F26A) and wild-type ANGPTL3 (pEB14).

1500-
. . . . Q
NanoBiT Luciferase Binding Assay 2
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g 500-
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Y
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Figure 3. Luminescent signal from NanoBit ¥ NN N N AN
sur shat . & PN F P
binding measured by combining LgBiT-EL VK Q@ o R
. . . RN SR\
with concentrations of smBiT, WT, and «c, R b\Q «(,
mutant after incubation at 37C for 30 Q& > Q
| WO &
minutes. ®

e ANGPTL3 mutant (S25A F26A) is defective against
LPL inhibition
e Retains binding and inhibition of EL

Future directions

* Perform LPL binding assays

* Finish 9 mutants of N-terminal domain and combine
data already collected by the lab to map out important
residues.

* Test interesting mutants on mouse models to test the
physiological effects

)b D =N

Objective

To identify regions and residues of ANGPTL3 required for
binding and inhibition of LPL and EL

1 16 245

I_I_I

Mutation Goal
(amino acids 17-35)

EL and LPL Inhibition Results

B
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Figure 2. (A) Phospholipase activity of EL after incubation at 37 C for 30 minutes with increasing
concentrations of wild-type or mutant ANGPTL3 (B) LPL activity after incubation with increasing
concentrations of ANGPTL3 or ANGPTL3 (S25A F26A) in complex with ANGPTLS8
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Introduction Results Conclusion

Toxic chemicals and pollutants in stormwater runoff pose a large Chemicals tested in this study: * The position and electrostatic nature of functional groups play

environmental threat, as they can degrade ecosystems, pollute drinking ’) Lo - F o : P : . : :
' ' -chlorobenzimidazole 2-Amino-/-chloro-1H-benzimidazole @ 2-Amino benzimidazole m m
water, and lead to animal and human digestion of harmful chemicals. an important role in the rate at which plants uptake chemicals

Plants are often used in storm water infrastructure to remove harmful /\ N N H * Specifically, compounds with highly electronegative electron
comppgnds, and sometimes crops WI.|| be irrigated with reqycled water N N\ /\/ N withdrawing groups are taken in rapidly by plants

containing such contaminants. For this reason, understanding plant | \>7 CI NH2 e This inf . hel ¢ | " del
uptake of such chemicals is important not only for the fate of the PN N l NH2 I.S in ?rmatlon can he p.Create uture plant uptake models,
environment but also to comprehend what happens if chemicals are \/ N H — / which will allow for more informed phytoremediation efforts
later consumed by humans. Plants can take up compounds from the H \/ N and increased understanding about human exposure to toxic
environment using transpiration, but they also contain specialized Cl

transporters to uptake nutrients and xenobiotics at faster rates. chemicals when plants are grown with recycled water

However, there is a lack of information regarding how plant uptake of . .
xenobiotics varies based on a chemical’s functional group position and Plant Uptake Rate of 2- Chlorobenzimidazole

electrostatic nature. The purpose of this study was to explore plant

: ) : ) : 1.2 -
uptake of compounds with highly electronegative electron withdrawing
groups.
E 1o
= o
@ e .. o
S teeaa., T
Method - 08 | & e
S e,
L L LT
. ) . L B ° —J ................
* Arabidopsis thaliana seeds were sterilized and grown in < 06 o V20922700 o
autoclaved Magenta boxes with a growth medium for 10 days S R2 = 0.7935 F t R h
) o . L Uture nesearcC
« For each chemical (2-Chlorobenzimidazole, 2-Amino-7-chloro-1H- %
. : .. 0.4 : :
benzimidazole, or 2-Amino benzimidazole), there were S + Extracted plant tissue from the experiment should be tested to
. . . O
o 4 boxes of plants with spiked growth medium e determine what metabolites were created after plants took up
o 3 boxes used as negative controls (no plants) S 02 chemicals from the growth medium, since plants often transform
.O 3 3_0 ©S .O plants gsed for sorption experiment chemicals into glycosylated or amino acid conjugates
« Growth medium with spiked chemicals was sampled every couple 0
of hours over a 48-hour time period 0 4 8 12 16 20 24 28 32 36 40 44 48 « Plant uptake measurements for benzimidazoles with highly
»  Samples were analyzed using an LC-MS/MS machine Elapsed Time (hour) electronegative withdrawing groups should be thoroughly compared
with plant uptake measurements for benzimidazoles with functional
groups in different positions and differing electrostatic natures
Plant Uptake Rates of Benzimidazoles Over Time — Previous Lab Research . Using such comparisons, a model should be created in order to predict
how plants will uptake a wide variety of contaminants based on their
No Removal .
c chemical structures
e 1-ABT T P |
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Introduction —  Resuws
Pathway-Based For supplementary

materials such as

- Non-syndromic orofacial clefts include cleft lip only (CLO),
cleft lip and palate (CLP) and cleft palate only (CPO).

Collectively, these are the most common craniofacial birth Significant Genes Involved in CL/P | Biological Processes Involved in Cleft Palate additional data,
defects in humans, affecting approximately 1/800 live Figure 3a log10(p) scan the OR code
births worldwide (Rahimov, Jugessur, and Murray, 2012). Gene NnSNPs p-value TOPSNP TOPSNP.Pvalue I 0 10 20 30 a0 50 60 70 N

» Genome-wide association study (GWAS) is an approach CTDSP2 4 4.10E-05 rs75066937 | 2.02E-05 protein_phaspharsiwmen '
used to search for small variations called single-nucleotide UPSis 9 1 7OR-OF R Cell_adhesion-mediated. signaling .
polymorphisms (SNPs) that are associated with a R 'S oR bevelopmental mrocemns ) lljl()l‘ Iréoﬁe_lgrgphfh
phenotype within a population. ALG14 3 7.10E-05 rs149853734 |741E-05 il e ables, detailed pathway

diagrams see

Other_intracellular_signaling_cascade
G-protein_mediated_signaling

« GWAS does not completely reveal the genetic etiology of

Biological Process

. o 7 . N4BP2L1 3 740E-05 206323  |4.83E-05 Ligand-mediated_signaling supplementary data
orofacial clefts, so additional strategies including gene and e ol surfoce recomtor medinted Sl-communication S CAN M E foﬁgr !
pathway-based analysis are currently being employed IFT22 7 8.80E-05 rs115968752 | 4.46E-05 I tracatiarg” Enal_transduction
(Mishra and MacGregor, 2015). . . o o Othar_racaptor_madiatad_iignaling_pathuay

. We utilized the African cleft GWAS summary data (Butali et Table 1: Candidate genes for CL/P with significant p-values __ Immunity_and_defense
al., 2019) to identify genes and pathways involved in the Significant Genes Involved in CPO Aooptosie (eyerepumion
. . iological Processes Involved in CL/P yerguiaten
pathogenesis of orofacial clefts. _ ’ | e —— : , -~
Gene nSNPs p-value TOPSNP | TOPSNP.Pvalue Figure 3b S e LES%E’E:}? ' 7 ‘“l} - Pathway-based analysis of genome-wide association study
, , , SULT2A1 4 1.00E-06 rs62529857 | 7.84E-08 Neurogenesis / data confirm known pathways and genes involved in orofacial
Flgure 1: Images dlsplaylng Cell_adhesion TNF-receptor ’,«’"’!]:r;f—_l:ign?egtriﬂaatsmslgared Clefts
the physical appearance of LRMP 5 3.00E-06 rs115543267 | 1.16E-06 Developmentalprocesses  mmm—————— B - N R = Data sh hat di s nol i and multiol K
C].eft palate On].y (CPO) (left) Protein_phosphorylation —————— TNF-receptor 1 | ° ata SNOWS t a.t 1S€aSe 1S pO ygenlc ana mu t].p e geneS Wor
. : OPALIN 4 4.00E-06 rs11597348 | 3.66E-07 o o S fonas Sy together to express the function of a specific process
and Cleft ].].p or Cleft ].].p and O'ther_ne'uronal_'actlv'ny ——— . . : . - ’
palate (CL/P) (right) DNTT 8 5.00E-06 rs2273891 | 6.73E-07 o rataim madiatod demling,  —— e Figure 3¢ ultimately causing malformations in the embryonic
% Cell_communicat!on —— —> Encoding development Stage.
. . LOC643542 |2 8.00E-06 rs77554717 | 2.68E-07 E; Muscle contraction et ||| ||| oo Association : . . _
Opening in roof Opening in both lip and e LEOOE 2 pole (ST : Newrciansmiier rlesce e Fi —rle :;ga° Top 20 biological processes based on . Pgrform Ing pathway analysis allows us to identity no-vel
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Table 2: Candidate genes for CPO with significant p-values** Steroid_metabolism  memmm— Figure 3c: Apoptosis mechanism using all cleft developmental processes (palatal, cleft lip only, both palate

pathway-based results

o and lip), so the difference in strength of association of
Overla psin Processes Between CI-/ P and CPO processes is due to the varying genetic etiology between the

cleft phenotypes.
Complled GWAS Data Cleanup Of VEGAS2 Biclogical Processes invalved in CL/P and CPO Molecular Functions involved in CL/P and CPO
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Introduction

 |n 2022, around 6.5 million Americans aged 65 and older are expected to have
dementia, and 10.7% of people aged 65 and older have dementia (Alzheimer's
Association, 2022).

e Patients exhibit resistive behaviors and lower quality of life when their intake

IS compromised.

e Caregivers currently perform task-centered care due to work demands and

focus solely on feeding, allowing the patient little autonomy and independence.

 OPTIMAL intervention protocol contains RECIPE principles promoting person-
centered care: showing respect, creating environment, offering choices,
supporting independence, acknowledging preferences, contains maintaining

engagement.

SEM (Social Ecological Model)

Policy: institutional level (staffing, safety
policies, different care approaches)

Environment: food preferences (cultural
impact), lighting, assistive devices,
wheelchairs, etc.

Interpersonal: relationship
between caregiver and patient,
caregiver skill set and support

Intrapersonal: age,
physical mental and
behavioral capability,

motivation, disturbances

Figure 1. SEM (Social Ecological Model) depicting factors that typically
influence mealtime behavior and eating performance.

Objectives

* Evaluate the impact that factors such as type of meal and food have on the

food intake process.

 Hypothesize the impact that person-centered care administered through

didactic training for caregivers has on the intake process.

Methods

* 6 meals evaluated per resident; staff and resident verbal and nonverbal behaviors as

well as the food intake process were measured.

* Resident positive, neutral behaviors: 8 verbal (ex. asking for help/cooperation), 5

nonverbal (ex. wiping away oral spillage/drool).

* Resident challenging behaviors: 4 verbal (ex. interrupting/changing
topic), 22 nonverbal, categories: chewing and swallowing difficulties (ex. holds
food in mouth) with 4 items, functional impairment (ex. difficulty using utensil)

with 5 items, resistiveness to care (ex. doesn’t open mouth) with 6 items.

* Intake process: O for an unsuccessful intake attempt, 1 for solid food, 2 for liquid food. O

if staff initiated the intake attempt, 1 if resident initiated with or without help of staff.

Resident initated intakes across Solid vs. Liquid intake across different
different meal types meals
0.7 0.8
0.6 0.7
05 0.6
0.5
0.4
0.4
0.3
0.3
0.2
0.2
0.1 0'1 '
0 0
Breakfast Lunch Dinner Breakfast Lunch Dinner

M Resident initiated intake proportions M Solid M Liquid

Figure 3. Proportion of solid vs. liquid intake
among successful intake attempts during
breakfast, lunch, and dinner.

Figure 2. Proportion of resident-initiated intakes
across breakfast, lunch, and dinner.

Percent of Resident Initiated Intakes
Breakfast

Lunch Dinner

56.05% 54.63% 47.43%

Table 1. Table representation of the graph on the left above. The lowered proportion of intakes
observed during dinner is statistically significant.

Residents have a decreased ability to initiate intakes during dinner and later in the day.

Residents consistently intake around twice as much solid food (63.4%, 72.8%, and
65.7%) when compared to liquid food (36.6%, 27.2%, and 34.2%).

Only baseline data (T1) has been collected so far.

Discussion

During mealtime, dementia is the primary cause of challenging behaviors such as
initiation of an intake attempt, getting food into the mouth, chewing and swallowing, or
getting distracted and attempting to leave the dining table (Liu et al., 2014). This
resistance negatively affects the intake amount and process, which are measured
through checklists. The proportion of resident-initiated intakes is around 50% for all
meals, suggesting the need for improved person-centered care to encourage resident
autonomy. This data is representative of conditions before intervention and provides a

strong baseline of residents' natural behaviors. Furthermore, staff use of verbal and

nonverbal strategies correlates with residents' challenging behaviors (Liu et al., 2022), so
a staff behavioral changes will impact resident behavior and therefore change the intake

Process and amount.

Future Directions

 Understand how the impact of dementia-induced behaviors on breakfast, lunch, and

dinner differ.
* Explore the impact of other conditions related to old age on intake behavior.

* Further the current data by understanding the connections between different

dementia aids and the intake process to develop stronger intervention tactics.

 Recognize the prevalence of person vs. task centered care, and the caregiver's role in

the intake process.
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Introduction

Epilepsy

* Epilepsy is a neurological disorder characterized by repeated
seizures and affects over 50 million people worldwide”.

* Current anti-epileptic drugs have limited efficacy in 33% of patients
and often lead to adverse long-term side effects?.

prickle

* The prickle gene in Drosophila (fruit flies) produces an adult isoform
called prickle-spiny-legs(pksrle)3.

* Mutations in the pksrle isoform cause spontaneous myoclonic
seizures, similar to those observed in humans with PRICKLE
mutations?.

Oxidative Stress

* Previous work in the Manak laboratory shows that loss of the pksrle
isoform leads to increased expression of genes that encode
proteins that mitigate oxidative stress.

» Oxidative stress in the nervous system contributes to the

Conclusions

» Adult pksrle mutants exhibit a non-significant
~ < reduction of seizures when on a curcumin-enriched
¥ diet; increasing the power may vyield statistical
XN € Y 4 significance.

» Adult pksele mutants experienced no suppression in

9 seizures when aspirin was added to their diet.

rioure 2: fpparalus o e Shonanens 2R 0 o These results suggest that while aspirin has no
Ry Impact on suppressing epileptic seizures in pksrle
mutants, curcumin has promising potential as a
compound for treating seizure disorders.

Future Directions

o
|

. . 5 e T . " . . .
pathoge.ne3|s of epilepsy®. o I L LS e « Determine whether antioxidants increase the lifespan of pksrle
° CurCU.mW.\, d pOIyPhenO.I an_d ant|OX|dant, has be?n shown to be Figure 1: Mouth pipetting the flies. Figure 3: Recorded videos of the flies’ behavior. mutants.
effective in reducing oxidative stress and improving outcomes of » Determine whether classic antioxidants such as Vitamin C and
* Aspirin, an anti-inflammatory drug with antioxidant properties, o 60 . of epilepsy
. . . L 7 0 60- % Xk L. . . :
increases lifespan and improves locomotor function in Drosophila’. = | | s » Improve statistical power by increasing the sample size of control
0 and pksrle mutants analyzed with the spontaneous seizure assay.
Research Objectives =
N 40-
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. . . . . Q 1. Song, C., Zhu, C., Wu, Q. Qi, J., Gao, Y., Zhang, Z., Gaur, U., Yang, D., Fan, X., &
antioxidant propertlfas, curcur.mn and_asplrln, Suppresses the § 20 Yang, M. (2017). Metabolome analysis of effect of aspirin on drosophila lifespan
Pr ickle-mediated seizures. S extension. Experimental Gerontology, 95, 54—62.
o https://doi.org/10.1016/j.exger.2017.04.010
": 2. Dhir, A. (2018). Curcumin in epilepsy disorders. Phytotherapy Research, 32(10),
+/+

sple/sple 3. Ehaideb, S. N., Wignall, E. A., Kasuya, J., Evans, W. H., lyengar, A., Koerselman, H.

Drosophila Stocks: & e b iogD B Venici-reated food M Aspirin-teated food oriologous prickis gones causes a Smilar eplepsy syndroms in ies and humans
ep muiation was DaCKCrossed Into a Lanion- ( ) Figure 4: Aspirin-enriched diet does not decrease spontaneous seizure activity in pksrle mutants. Annals of Clinical and Translational Neurology, 3(9), 695—-707.
background. pksr’e (CSYP) and CS“P control flies were used in all Quantification of spontaneous seizure events in +/+ and sple/sple grown on either an aspirin or vehicle https://doi.org/10.1002/acn3.334
experiments. éneend(;?yr;-e/trsa;r?e-?]:’ ns = not significant. Two-way ANOVA, Error bars: SEM, n = 5x, 8-10 flies per 4. Parker, L., Howlett, I. C., Rusan, Z. M., & Tanouye, M. A. (2011). Seizure and epilepsy:
. . . . ' Studies of seizure disorders in drosophila. International Review of Neurobiology, 1—
Dietary Feeding of Curcumin and Aspirin: 40- s 21. https://doi.org/10.1016/b978-0-12-387003-2.00001-x
° Drug food was made by Combm'ng standard cornmeal molasses | ns 5. Danilov, A., Shaposhnikov, M., Shevchenko, O., Zemskaya, N., Zhavoronkov, A., &
Drosophila medium with aspirin and curcumin (dissolved in ethanol) 00572 Moskalev, A. (2015). Influence of non-steroidal anti-inflammatory drugs on drosophila
: . - —_ melanogaster longevity. Oncotarget, 6(23),. https://doi.org/10.18632/oncotarget.5118
to final concentrations of 1uM and 25uM, respecitively. 304 6. Abolaji, A. O., Fasae, K. D., lwezor, C. E., Aschner, M., & Farombi, E. O. (2020).

* Vehicle-only food was made for aspirin and curcumin by dissolving
appropriate amounts of ethanol in standard Drosophila medium.

* Adult flies were allowed to lay on the drug or vehicle-only medium
and the developing larvae were grown on the same medium.

« Adult flies were switched to fresh drug- or vehicle-infused food

every five days. 10
* Spontaneous Seizure Assay:
« Freshly eclosed control and pksrle flies (CSYP) were aged 7-10 days ji
at 25°C. 0 o

* 8-10 female and male flies per experimental condition were mouth-
pipetted into circular chambers, and their behavior was recorded for

Curcumin attenuates copper-induced oxidative stress and neurotoxicity in drosophila
melanogaster. Toxicology Reports, 7, 261-268.
https://doi.org/10.1016/j.toxrep.2020.01.015

/. Zhu, Y., Cai, Q., Zheng, X, Liu, L., Hua, Y., Du, B., Zhao, G., Yu, J., Zhuo, Z., Xie, Z.,
& Ji, S. (2021). Aspirin positively contributes to drosophila intestinal homeostasis and
delays aging through targeting IMD. Aging and Disease, 12(7), 1821.
https://doi.org/10.14336/ad.2020.1008
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Introduction Results A B
» Sudden unexpected death in epilepsy (SUDEP), the Figure 1: Post-hoc . Figure 2: Percentage of WWWMWM MWW i | Amimalies TR o
leading cause of death in patients with epilepsy, are Hpi\,-/ NISSL-stained brain < 75 animals that died b ... Died whic
at the greatest risk for the 35% of patients with | section represe_ntmg the > followmg SCIZUres J "
epilepsy who will not achieve seizure freedom’ electrode entering the g in C57BL/6J (green) I b
S _ Pre-ictal spiki
» Mice lacking the 5-HT,. receptor are significantly bsszlat[e)ralhargyigdala = 25- and 5-HT,c KO (black) | retearseing S
more seizure susceptible than wild-type controls? ( _ ). Dashed line l mice injected with either Figure 5: EEG trace of a 5SHT,- KO mouse during kindling.
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- e ippocampus. LV, latera ¥ & mm c57BLE kindling (B).
* The 5-HT,. receptor agonist MK-212 was found to 1 - vepn?tricle. P & s® = 5HT2C KO g (B)
increase corticosterone, a stress hormone in rodents? = Conclusions
Previous pilot experiments suggested CORT-113176, a Current passed into Mot seiatre
corticosterone antagonist, and a high dose of MK-212 e Eplleptorm spiking . The combination of CORT-113176 and MK-212
i N » 5-HT, receptor activation may not be necessary for
- UL ' seizure suppression
HypOtheSIS F T 3 Pet1.Cre mice EEG t f . T s i aoted with either CORT-113176 and « 5-HT,~ KO mice are especially prone to seizure-

— _ igure 3: Pet1-Cre mice races from pilot experiments injected with either - an nduced death. which is consistent with brevious
5-HTyc receptor activation is necessary for the seizure MK-212 (A) or 10% DMSO and MK-212 (B). Lightning bolt represents the time of electrical oees  VIIET | WILIT Previot
suppression induced by the combination of CORT- stimulation. findings In the literature
113176 and MK-212.

Methods A Spontaneous seizure 5 FUtu e DlreCtlons

‘ » Implant and complete trial hort of animal
| | 1 —— i Animal recovers o plete trials on a cohort of animals
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Abstract

Studying the light emitted by astronomical objects allows us to understand the chemical compositions, physical conditions,
astronomical processes, and, fundamentally, the physics of what happens light years away. To enable detailed spectroscopic
analysis — the study of specific wavelengths of light — high-resolution and cost-efficient reflection gratings must be fabricated.
With nanoimprint lithography (NIL) being a precise and low-cost method to replicate reflection gratings for use in
astronomical instruments, this study focuses on characterizing the crucial reactive ion etching (RIE) step of making gratings
following NIL patterning. Using ellipsometry techniques, atomically thin layers can be measured with extremely high
precision, allowing us to calculate RIE etch rates through these layers. This work enables astrophysicists to determine
appropriate etch times for ongoing reflection grating fabrication projects, propelling the development of future
spectroscopic missions.

Reflection Grating Fabrication

Recent advancements in the replication of reflection
gratings have been made via microfabrication
techniques such as nanoimprint lithography (NIL).

NIL involves using a master grating as a mold to

imprint itself onto a resist-coated wafer using high
temperatures and pressures.

A) Deposit process layers

D) Anisotropically etch Si

EBL resist in KOH solution
]
Si wafer =
_ <111>
B) Pattern grating w/ EBL E) HF soak to remove SisN,  Crystal
Planes
EEEEEN

g 5

C) Etch resist and Si3Ny4

F) Coat in UV reflective

Exposed material uv
Si \ / Coating

Process flow of nanoimprint lithography.
This study focuses on Step C (Figure 2) of
the NIL process.

Reactive lon Etching

For grating fabrication, reactive ion etching (RIE) is requi
order to transfer an imprinted pattern permanently.

RIE exposes bare silicon openings that will allow for the

red in

subsequent potassium hydroxide (KOH) wet-etching step. The

critical challenge for RIE is determining the “step time”

required to create a successful etch — no under or over etching.

a b
TR 1o}
0 ., ilicon atom

@ Plasma
© Silicon atom

N Photoresist m J Photoresist

Silicon ‘ Silicon

Figure 4. The physical process of reactive ion etching. [2]

Ellipsometry

With the help of optical techniques, ellipsometry can

help

determine optical constants, thicknesses, and indexes of
refraction of thin films up to the nanometer scale. The

instrument used for ellipsometry is the ellipsometer.

Linearly Polarized Light

E p-plane
s-plane
Elliptically Polarized Light  Fjdyre 3.
: p-plane , E Interaction
of light gnd a
- / > s-plane sample in
plane of incidence - z . ‘f! eIIipsometry.

Reflect off Sample

Science Case: The Missing Baryon Problem

From a census of the cosmic microwave background (CMB), astrophysicists find a
discrepancy between the number of baryons in the early universe and the present

Figure 1. The Cosmic Microwave Background, as observed by the European Space Agency’s Planck Observatory. [1]

Expected Composition of the Universe

Dark Matter and Dark Energy

95%

Observed Baryonic Matter

Dark Matter and Dark Energy

Observed Composition of the Universe

S — 2.5%
2.5% >

95%

"Missing" Baryonic Matter (cannot observe) Observed Baryonic Matter

Figure 2. A graphical comparison of the expected and observed composition of the universe.

In order to conduct a more intensive survey for these “missing baryons”, said to be hidden
in the Warm-Hot Intergalactic Medium (WHIM), further spectroscopy in the soft x-ray
spectrum is needed. The currently active X-ray observatories, Chandra and XMM-Newton,

do not have the physical capabilities to make such refined observations of the WHIM.
(See Bregman 2007, Bregman et al. 2015, and references therein.)

In order to conduct a more comprehensive survey of the
universe’s baryons, a new generation of more refined, high-
resolution diffraction gratings must be fabricated.

Methodology

Subject:
* Eight NXR-1025-coated wafer samples
* Eight SiN,-coated wafer samples

Results

Figure 4. (Top) Four NXR-1025 coated wafer samples and four SiN,-coated wafer samples.
(Bottom) Four NXR-1025 coated wafer samples and four SiN,-coated wafer samples.

Treatment:

Data Analysis:

Reactive lon Etching (RIE) — CHF,/O, and Ar/ O, etch

recipes with increasing step times

Figure 5. (Top) Eight NXR-1025 coated wafer samples after RIE. (Bottom) Eight SiN, -
coated wafer samples after RIE.

© J.A. Woollam Co,, inc.

Ellipsometer
Graphs created with Python

Figure 7. Ellipsometer from J.A. Woollam.

After plotting the change in thin film thicknesses vs. the respective step times,
etch rates for NXR-1025 and silicon nitride (SiN,) were successfully determined.

Figure 8.
Silicon
wafer
sample
post-
reactive ion
etching. [4]

15.0kV x100k

This study has shown that using ellipsometry-based techniques to determine thicknesses
of thin films can successfully produce etch rates for reactive ion etching.

Future work can be further developed regarding this project. We can refine etch rate
accuracy by testing more step times and executing the subsequent KOH wet etching step.

Figure 9.
Silicon
wafer
sample
post-KOH
wet etching.
[4]
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Purpose Statement

The purpose of this study is to understand how public health measures affect the geographical
and temporal distributions of Omicron and Delta variants in university settings.

Introduction

Since the first emergence of SARS-CoV-2 in Wuhan, Hubei Province, China, and its
ensuing spread across the globe, public health responses from the international to the
institutional level have been implemented to mitigate the size and severity of SARS-CoV-2
outbreaks. However, the effects of these policies to limit the spread of virus have not been .

fully assessed. Importantly, phylogenetic analysis of viral genomes, which has revealed the
origins, timeline, and dispersal of SARS-CoV-2 lineages, could aid in determining the —:|:.—=.—-

effectiveness of specific interventions in different contexts.
University campuses have potential for increased viral transmission due to communal
living, large student populations, and frequent travel. With a massive student population and __::l
international community, Purdue University surmounted these challenges through their
comprehensive “Protect Purdue Plan” in the summer of 2020, which implemented regular EL:
testing, de-densification of classrooms and living spaces, and international and domestic
travel regulations (Ciubotariu et al.) _&ﬂ' i
In light of high vaccination rates, Purdue has returned to many pre-COVID policies.
Therefore, the present study applied a phylogenetic approach to analyze SARS-CoV-2
genomes from Purdue University and determine how the university’s loosened COVID
regulations affect the transmission patterns and origins of SARS-CoV-2 lineages on campus.
Such phylogenetic analysis can help determine whether cases were due to independent
introductions from distinct geographical locations, or linked transmission through adjacent
communities. e
Our dataset includes Omicron and Delta viral genomes from Purdue University, as well as
related sequences from GISAID. We applied a Bayesian coalescent approach to generate a / Figure 1: Phylogenetic Tree MCC tree constructed \\\
Maximum Clade Credibility phylogenetic tree. In order to make phylogeographic inferences, / from genomic sequences from Purdue University from
we performed a pairwise estimate of parsimony scores to estimate the association between July to December 2021 and related sequences from
Purdue sequences and sequences from certain geographical areas, allowing for us to assess \ GISAID. The colors are indicative of the geographic | —[:‘—o'_‘
the patterns of migration and transmission. \ location from which the sequence originated (Purdue,
\ Indiana, adjacent states, International,

Methods \\ , California, Texas, ) /

4 — ==
Genomic Dataset G //
In order to determine the geographical locations outside of the university from which clades of ~ _—
SARS-CoV-2 originated, we found related sequences in GISAID, making our dataset total to 142 B _@
sequences. GISAID is an open access database where genomes of viruses which require prompt
responses may be published. Thus, GISAID houses the greatest number of SARS-CoV-2 genome:

0 D&/ S
Sequence Alignment T T T — R——— T T T
When comparing many RNA sequences, insertions and deletions (indels) occur due to errors when 20213 20214 20215 & \wi? 20218 20219
s‘equencﬂwg the viral genome or due‘ to mutat\oné acquired in nature. Such indels result in Results / \ References: ACknOWledgmentS:
frameshift mutations that can result in the comparison of different loci and must be corrected. Figure 2: BaTS ParsimonyScores The table below ™\ hen 1 Vs, 5, o 1.8, o, & (o) | would like to thank Dr. Kitchen and the members
We performed a multiple sequence alignment through NextAlign CLI via the command line, which Based on our pairwise estimates of PS, we hypothesize 6 introductions from / Sehicts the pairise estimates of Parsimony scores \ omeen e o of the Evolutionary Ant.hropo\ogylab for guidance
aligns sequences with respect to parsimony and gap penalty. the following geographic locations: ' / R L ssleconanticlocalion ficnicuiCaty throughout the project, Faculty and staff of the
. / which are states that are either adjacent, o
- Significant migration: Indiana [ international, or differ signiﬁcant\yjin delta values. Secondary Student Tra:\mgdPrEgram forLlEe
BEAST MCC Tree i ’ | PS is the number of character changes on the tree opportumt‘y to research, an the Carpi Lab at
We used the Bayesian Evolutionary Analysis Sampling Trees (BEAST) software package to generate - Some Migration: Colorado, Illinois, New York, Ohio, South Carolina \ between “Purdue” & “non-Purdue” when: Purdue University for sharing viral genome
the Maximum Clade Credibility (MCC) phylogenetic tree. BEAST uses a Markov chain Monte Carlo - PS3: Purdue and StateX considered as sequences.
(MCMC) technique to sample the posterior distributions of model parameters; we used a Markov - Possible migration: California, North Carolina, Texas, and Wisconsin independent characters COnCl USIOn a nd DISCUSSIOn
chain length of 100 million steps. We used the HKY substitution model, which accounts for From this data, there is no evidence of lineages being sourced directly from ~ PS2: Purdue-StateX are considered as a Jomt /
variation in the nucleotide base frequencies and different rates of transitions and transversions, X . L character HET e — . . . .
N R b A ~ h . international locations. o - While in-state and adjacent state migration remain dominant (Ciubotariu et
combined with a gamma distribution to model site-rate heterogeneity. A strict clock was used, 1.), interesting| I | t relatively distant migrati
which assumes that all branches have the same rate of evolution; we fixed this clock to a < a%.), Interestingly, our analyses also support refatively distant migration

substitution rate of 8E-4 subs./site/year from non-adjacent states: South Carolina, New York, and Colorado.

Indiana Illinois Kentucky ~ Ohio Wisconsin California  Texas Colorado Germany Canada Widespread origins of viral lineages in our analyses may be attributed to
. . various factors, such as the lifting of travel restrictions at Purdue prior to
Parsimony Score Analysis 3-State 13.647 | 10.196 | 7.000 12.062 | 20.049 10.930 7.000 | 7.000 9.000 | 7.000 | 9.990 | 7.000 8.945 our study, and Omicron’s higher transmissibility (Chen et al.)

To elucidate the origins of the viral lineages, we performed pairwise estimates of Parsimony
Scores (PS) in the BaTS software. PS are calculated by determining the number of character

Because our analyses are based on a subset of Purdue sequences, larger

changes between nodes and tips on a tree, and reflect the number of geographical transitions. 2-state 10322 0838 VAL 117588 20.000 L10:858 Sool SEl 87788 6.9028 9.50Uy 7.000 8.o88 ar\alyﬁes are needed X0 d.efinitiyely eluc.idate the origins of the campus’s
We subtracted the PS value of joint and independent categorizations of Purdue and state X, and viral lineages by confirming which locations have the strongest
determined the number of independent introductions based on significant delta values ISERSv 3.319 0.358 0.000 0.327 0.043 0.044 0.067 | 0.154 0.222 | 0.091 | 0.489 | 0.000 0.000 associations, aiding in determining which travel regulations are necessary.




Highly Effective Separation of Fatty Acids Derived from
Vegetable Oils Using COF Incorporated Epoxy Membranes
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Introduction Preparation of COF(20)/epoxy membrane Fluxes and relative flux of different fatty
acids using COF(20)/epoxy membranes

Over 200 million tons of vegetable oils produced each year, and this amount is
increasing by 5% each year. Vegetable oils are usually a mixture of saturated and poly-
unsaturated fatty acids that individually are very valuable but are difficult to separate
from each other. ., Ste:i\ric Omega—Q Omega—6 Omega—3 Stearic acid Omega—Q Omega—6 Omega—3

. . . . - acid acid acid acid acid acid acid

Membrane separations offer an inexpensive alternative to traditional methods of N AR oF
purification such as distillation and column chromatography, and it is accessible to many (1.3 nm)
organic chemicals that are currently difficult to purify. In this work, we report the 000 B o T(F;P::n‘:; 13.9 6.6 4.3 3.1 4.5 2.2 1.4 1
development of a mixed matrix membrane using covalent organic frameworks (COFs) | o m =657 3dd0 W0 g & ToBD COF
incorporated within an epoxy polymer (COF(n)/epoxy) that can separate fatty acids from o~ | r A (2.4 nm)

- 5 L) g A . 15.1 11.3 6.4 5.2 2.9 2.1 1.2 1
. . . o . . L = o) . .
each other by utilizing highly ordered structures and uniform crystalline pores in COFs. i @L(mg Sonication %7 i}o‘; Casting 5 COF/epoxy  As the pore size increases, the absolute fluxes also increase, but the
o X D ¥

Yo : .
Spin Coater membrane selectivity decreases.

These highly flexible, hybrid membranes were fabricated via solution casting method:
The membranes were dried under an atmosphere of saturated DMF.

Absolute flux {107} (mol/h cm?) Flux of chemicals relative to Omega-3 acid

6.7 3.7 2.4 1.8 3.7 2.0 1.3 1

COF/epoxy
mixture TpPA achieved the best separation; stearic acid’s flux was 4.5x faster

o /W ,) than that of Omega-3’s.

Epoxy monomers

CHEN Y Separation of fatty acids Conclusions

= COF(20)/epoxy Saturated 2 Omega- 6 ' ili '
Omega-9 The discovery that membranes can facilitate separation between

1;Iixturé of membranes Fatty Acids & ( ) /
Fatty Acids* Omega-3 through COF 20 epoxy membranes fatty acids provides a highly promising alternative for industry: a

"Mixture of Fatty Acids = Saturated Fatty Acids©® Omega 9@ Omega 6 & Omega 3

Synthesis of COFs with different pore

cheap, efficient, and green method to obtain valuable starting
We used a diffusion apparatus to run our nine separations. materials that are otherwise wasted in daily usage. Our identification

that TpPA COFs are the optimal membranes for these separations also
reveal what pore size range is effective, and which other bigger or

SiZES ® memprane smaller pores do not work as effectively
Each COF forms 2D sheets with hexagonal pores, and the sheets stack on top of each o l

other as shown. © (> FUtU re WOrk
, ® &
= -

retentate permeate retentate permeate

We are looking to add different types of amines with the fatty acids
with the goal of increasing selectivity within our acids.

S T
”f N\ YN\( E—

-e-Stearic acid
Stearic ;‘:('1(.1

Omega 9 acid
~®-Omega 6 acid

~#-Omega 3 acid

inolenic acid (LNLA) {EA
| ¢ Bk The amines will form a salt with the acids, which will increase the
HCOF 11 . - acid’s size, which will then increase separation.

~ _TIpBD =

[permeate]/[retentate]

e
T

TpBD i L T BENE N RN N an. N S Acknowledgements
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The flux of the fatty acids depends on their degree of saturation: acids with more . Q! THE ﬁ
double bonds have a higher curvature and critical area, leading to a slower flux. v LINIVERSITY
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Targeting pyruvate dehydrogenase kinases inhibits thrombosis and platelet aggregation
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Introduction Results
. Tail-bleeding time
 Platelets are disc-shaped cells present 5% Fea injury s . FeCl, injury
in blood and are involved in the Ty p<°'°5| | ( e
. : =n <
formation of blood clots. Abnormal | " : PO L
. : ~3 - * . 2 *
clotting blocks blood supply and causes 1 § = 400 £ =4 aene
heart attacks and ischemic stroke. i g . - % 30- E
. . 5 = = 300 S >
» Current antiplatelet treatments exist but £ = . R g
cause unwanted side effects such as S £ 200 3 5
bleeding complications in 2 40 (9 fs B -
thrombosis patients. £ - g £
. = 0
 Dichloroacetate, a known inhibitor of = : e S T S P T — WT PDK2" WT PDK4™
pyruvate dehydrogenase kinases (PDK) ' .
C ey . . Time (min) Time (min)
1-4, inhibits platelet function and arterial | | S S |
thrombosis (N ay ak et al. 201 8) Figure 1. Arterial thrombosis is significantly inhibited in single KO and double KO mice.
| ’ Implications
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Purpose Statement

/\/Ve will infer the sources of infection of SARS-CoV-2 Omicron and Delta variants in Purdue
University through phylogenetic analysis. We will use molecular clock and Bayesian coalescent
approaches to reconstruct the phylogenetic tree sequences from Purdue University to identify the origin
of closely related sequences. We will also investigate the virus’s origins’ correlation with the
\university’s COVID restriction policy.
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« Severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) emerged in late 2019 and
subsequently spread across the globe, including the United States. As of July 20, 2022, the virus has
caused over a million deaths in the U.S. (Dong et al., 2020) despite widespread implementation of
interventions directed at curbing transmission and limiting infection (i.e., masking, social distancing,

and vaccination). Importantly, it remains unclear what effect these interventions had on the spread of
SARS-CoV-2 in the U.S..

Universities are particularly vulnerable to superspreading due to their large numbers of students,
faculty, and staff, frequent social activities, communal living, and in-person instruction, all of which may
facilitate efficient viral transmission to large numbers of individuals.

Purdue University is a large public university in Indiana and is representative of large public
universities across the U.S.. In response to the pandemic, Purdue implemented a plan to protect
students that included masking, social distancing, suspension of university-associated travel, and
frequent community surveillance. These measures changed over time as vaccination rates increased
and SARS-CoV-2 incidence waxed and waned. The effect of these policies on the spread of virus into
the university community remains unknown.

Here, we attempt to identify the origins of SARS-CoV-2 Omicron and Delta variant sequences from the
Purdue community as an example of a large public university. Recent study discovered the Gamma
variant in Purdue entered primarily from Indiana and lllinois. With a more relaxed COVID policy, we
want to compare the transmission routes of Omicron and Delta variants to that of Gamma’s
(Ciubotariu et al., 2022). This analysis builds a foundation for future analysis on the effects of
mitigation policy on SARS-CoV-2's spread.

Methodology

1. Data collection

Viral genome sequences from Purdue were shared with us by the Carpi Lab (Purdue University).
Additional sequences were downloaded from GISAID (https://gisaid.org), an open access
website hosting virus sequence data. Using GISAID’s Audacitylnstant, we collected sequences
closely related to a subset of SARS-CoV-2 sequences sampled from Purdue University.

We aligned our RNA sequences both manually using Seqgotron and with NextAlign, a command-
line tool, to ensure accurate homology between sequences.

2. Analysis and inferences

Reconstruction of the phylogenetic tree:

We used the Bayesian Markov chain Monte Carlo methods in BEAST to reconstruct the
phylogenetic tree of our subset of Purdue sequences (Drummond & Rambaut, 2007). Our
analysis used a HKY nucleotide substitution model, a gamma site heterogeneity model, strict
molecular clock, a coalescent constant size tree prior, a UPGMA starting tree, and a Markov chain
of length 100 million generations.

Phylogenetic analysis in a domestic migration context:

To estimate the number of introductions of Omicron and Delta variants to Purdue from different
U.S. states, we used the Bayesian analysis of Tip Significance testing package (BaTS) to
calculate the parsimony score (PS) of the posterior distribution of trees that BEAST produced
(Parker et al., 2008).

* Purdue sequences are nested within Indiana sequences, indicating this subset of sequences
from Purdue were likely the product of local transmission.

USA|Indiana35
USA|Indiana25
I USA|Michigan46
| — USA|Michigan47
USA|Indiana32
i USA|Indiana24

| ' USA|Indiana34
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r USA|Purdue44
| — USA|Purdue41
||_ | USA|Purdue43

USA|Purdue40
| USA|Purdue45
USA|Purdue42
USA|Purdue39

— USA|Indiana22
~ USA|Indiana20
USA|Indiana23

USA|Indiana15
USA|Indiana16
USAJIndiana19
USAJIndiana18

— USA|Indiana38
— USA|Indiana13
| USA|Indiana12
USA|Indiana33
r— USA|Indiana31
— USA|Indiana28
1 USAJIndiana29
t———— USA|Indiana30
USA|Indiana27

L — USA|Indiana26
USA|Indiana37

USA|Indiana14
USA|Indiana11
USA|Indiana36

I — Montenegro
USA|Montana

L USA|Minnesota48
USA|Florida9

USA|Connecticut8

|: USA|Florida10

USA|Connecticut?7

2021.5 2021.55 2021.6 2021.65 2021.7 2021.75 2021.8

Fig 1. Time-informed Maximum Clade Credibility tree of Omicron and Delta genomes from Purdue and circulating Omicron and Delta genomes from 10 U.S. states and
1 other country.

« 12 pairwise estimates on parsimony scores (PS) to investigate Purdue sequences’ association with other states and countries. The difference
between the 3-state analysis and 2-state analysis of Purdue and Indiana is 1.003 while the difference for other state and countries is 0O, indicating 1
introduction from Indiana to Purdue.

Discussion and Conclusions

= This project was a part of a study looking at a subset of over 700 Omicron and Delta genome sequences from Purdue. Ultimately, we will
compare these 700 sequences’ sources of infection and Gamma’s sources of infection to infer about the efficacy of Purdue’s COVID protocols.

In the context of high vaccination rates and relaxed COVID restrictions, including the resumption of international travel, the subset of viruses
analyzed here were still introduced to the university through local transmission. This is similar to a previous study of the introduction of Gamma
variant viruses to Purdue, which found viruses mostly came from Indiana and lllinois. Interestingly, this occurred when there were lower
vaccination rates and stricter COVID regulations in place, and presents a series of questions that require additional exploration: Why is it that
when international travel resumed, the transmission routes stayed local? \What factors contributed to this phenomenon — external factors like the
high vaccination rate and/or intrinsic factors such as changes in SARS-CoV-2 infectiousness?
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Introduction

*Self injurious behavior (SIB) is common in individuals with

intellectual developmental disabilities (IDD: Soke et al., Cameron Indices of Happiness

Noah Indices of Happiness and
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-Our hypothesis was that children with IDD would not i ession y 0 O <
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80 rowns > -s-Distress -
o . ¢ Conclusions
*Parent surveys were used to individually define a 2.
indices for two patients with severe ASIB 2 s o | | | |
‘Recorded sessions of various stages of treatment < B *Individuals display different patterns of emotion while
were coded for indices using a behavioral event " g engaging in ASIB, which suggests differences in
|Ogg|ng software ” o underlylng motivations
e . . *Clinical practice would benefit from treating ASIB based
Noah Cameron o e oA AT SN SN on different functional categories for more effective
- treatment
Session
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Fig 1.
Illustration of Zinc Vacancy defect
formation in ZIF-7-I

Background

Recently, the mechanism of the ZIF-7 gate-opening effect
was determined: a benzimidazole linker rotation’. It has
also been found that there exists a size-dependency in this
gate-opening effect?, and our group also found that the ZIF-
/ crystal size can affect the crystal’'s young’'s modulus.
However, defects’ effects are greatly overlooked in current
simulations of ZIF-7, as they assume that ZIF-7 are perfect
crystals'34, and we postulate that the overlooked defects
could be the reason behind this size-dependency.

Methods

1. Compared PBE-DRSLL and variant 2. Optimized ZIF-7-1 and ZIF-7-l|

with VWN correlation changed to structure
PBE~ correlation

correction is too hard

-PBE correlation with DRSLL
correction is too soft, but error is
less than VWN.

-Lattice constants fixed to
-VWN?® correlation with DRSLL’ experimental values

-used PBE correlation and PBE
exchanged mixed with DRSLL Van  perfect crystals, and then optimized
der Waals exchange correction

Objectives

1. What are the defect structures of ZIF-7 and the
energetics of their formation processes?

2. How would the defects present in ZIF-7 affect the gas
adsorption and mechanical properties of the crystal?

3. Optimized defect-containing ZIF-
7-1 and ZIF-7-1l structures
-Used same functional as
optimizing defect-free structures
-formulated structures from

For extra supplementary
information like input files
for cp2k scan this QR code

within a 1x1x2 supercell

4. We will then find the transition state of defect formation with IRC to determine the kinetics of defect formation

5. Then, the Finite-deformation Nudged Elastic Band method? will be employed to find the transition state energy of phase
transition of defect-free and defected ZIF-7s to determine the effect of defects on the gate-opening effect

6. Also, we will measure the stress tensors during deformation of defected ZIF-7 to determine the effect of defects on the

stiffness of the crystal.

Results

-Had begun the geometry optimization of
different defect-containing ZIF-7-1 and ZIF-7-1|
structures

-Determined that Zn leaving the structure and
forming Zn(NQO,), is a extremely
thermodynamically feasible defect in ZIF-7-I,
with AH=-144 kJ, but maybe kinetically slow
and entropy producing.

-Discovered when limiting the lattice constants
to be fixed, ZIF-7-11 optimization is converging
extremely slowly, suggesting defect could
drastically lower the barrier for phase change,
and the energy minimum present for ZIF-7/-II
structure could be practically eliminated due to
the defect

Table 1. Calculated Enthalpy change of zinc vacancy
defect formation processes in ZIF-7-I

ZIF-7-1+2H20= ZIF-7-1+2HNO3=
ZNOH2(s)+ZIF-7-1-VZn |Zn(NO3)2(s)+ZIF-7-1-VZn

20.279158036962 kJ 1-144.00427316956 kI
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Future Directions

Apart from continuing and finishing this work, there are a series of future
directions this could apply in:

--Guiding and educating controlled defect formation, such as hydrolysis of ZIF-7,
using mixed linkers to form defects, etc. to obtain crystals with defects that
produce desired properties

-Could apply to defects’ effects in other crystals with phase-changing properties
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