' ’MB( : Mathematically Modeling Dynamics
Of P hVSlOIOglca I SySte ms Signaling within and between Pancreatic Beta Cells

with Dr. Matthias Gobbert, Samuel Khuvis®, Kaung SanY,
AN HONORS UNIVERSITY IN MARYLAND . . . :
Dr. Bradford E. Peercy, Mathematics & Statistics UMBC REU Site on HPC 2010, 2013, 2014,
Margaret Watts, Arthur Sherman, NIH
The Spa rk of Calcium in a Cardiac Cell* We provide an overview of the modeling performed on the various physiological systems in the Peercy group. ;
with, Zana Coulibaly®, Dr. Matthias Gobbert, UMBC, Math&Stat BIO|OgIFa| a.\ppllcatlon exfamp .es ar.e stocha.stlc 5|mulat!on and reductive analysis .Of car.dlac cell c.aIC|.um A~
dynamics, intracellular signaling via cAMP in pancreatic beta cells and computational islets, activation pathway 2
t=20.1599 ms parameter estimation of transcription factor nuclear translocation in skeletal muscle to control fiber type and 4
45 ' ' ' : : : : : : :
= Cacomconkslion muscle atrophy, extracellular and intracellular signaling for clustered cell migration, and how vitamin D levels @Q — KATP
* L eshoia | vary in across genotype and impact macrophage antimicrobial peptide production. Our goal is predictive . L |
i Equilibrium 1 . . .
< ; experiments through mathematical analysis.
= 3
§ =
7
£ 20, . . - K Ca
3 Cell Fate of Epithelial Cells
Q ! o}
| with Dr. Michelle Starz-Gaiano, David StonkoV, Xuan Ge!Y, Ann Marie Weideman®, | | =
Dominick DiMercurio 11V, Pranjal SinghY, Lindsey MercerV, Lilian AnosikeV S S| O K ATP
00;: ~ :;5:: ;.:_%5:_;:_;_%?;;;::;%%;& o Steady State Plot of Bistability Manning et al. Nature Communication, accepted \#) Sas et (0) slow c<l o* Ve
Cell domain in pm 2 o \NAVAVAVA N \VAVAVAN
AI Blowl up wa;ve L:S,- —Epithelium b //\ \—\\\\> N ; i ::IOW cflll GI 2
07 Nowave - Average calcium concentration = s 4 . z B ut- ®
800 3. along y—axis at t=76ms. > e - % @@ (®
700+ o = 64pp e g 2000 E’
600r : ‘A‘:A‘:AA‘ g 3% “(g no cleft ::i B @ KCa
o so0l m‘?:“ by (F $ d e e % N | Original | Memory Modified | Dense Jacobian | Sparse Jacobian | oded5 | ode113
. o ; _6;?3 4250 -‘% g 2 18 17 13 14 12 14
400 - Wt 8 Cell z—axis in 1m ‘-;fo 7 ¢ é 3 43 32 16 14 13 44
00 ?3 1 . . B . - o) 4| 114 60 23 17 21 179
vvv;v : ¥ E 0% E — Coupling Strength 5 205 126 43 20 33 | 690
o 120 L T I T 1 ey e R - Khuvis, Gobbert, Peercy, Math Biosci, 2014 | = | . e . " 1767
= w0 d 5 I I A Il b
<Y . 100 Ge and Stonko, 2012, UMBC Review 1 o | f ’ N . o ) o
Coulibaly, Gobbert, Peercy, Intl. J. Comput Math, 2014 2577, =0~ ‘ @ o] Bes | s s 4 w6 | 1603
Spontaneous calcium release can organize into sustained release ; N 4 Heterogeneity between beta cells in the pancreatic islet
providing substrate for cardiac arrhythmias in pathological conditions. . = e leads to slower than slow bursting and the need for
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calcium wave in the apical dendrite of a neuron. Nuclear penetration of this wave monocytes. We show genetic variation in vitamin D binding proteins The model of de/phosphorylation reactions in both the cytoplasm and nucleus
may enact long term changes in synaptic connections impacting learning and impacts free levels of vitamin D and show the impact of micro-domains relates to nuclear influx and efflux and yields quantitative values from kinetic data.
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