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Introduction Table 1. High confident proteins and significantly changing proteins Results
Microphysiology systems (MES) are used to mimic human organ systems in order to collect identified from the chip tissues after SEB exposure. Table 2. Select pathways that are significantly disrupted
more human-real data. Traditional experiments have relied on either cell cultures, which aren't High Confident Significantly due to SEB infection.
physiologically accurate, or animal studies, which are very expensive. However, human- Proteins Changing Proteins
releve?nt datg IS |mportant In undgrstarldlng the .human. host’s r.esponse to gxposures of Iethal Cardiac 1334 RNA Transport 21168 3.664 x 104 E*faj;mizmmjn
chemicals (i.e. sarin, VX) and biological organisms (i.e. Bacillus anthracis, Western equine Skin 2452 _ | Normalooa tua v
o _ _ Valine, Leucine and 5/90 7.256 x 104
encephalitis). Understanding the molecular response to these threats will allow for further Lung 4338 Isoleucine Degradation
treatments and medical countermeasures to be developed. Cardiac Beta-Alanine Metabolism 4/63 1.542 x 103
In this project, a multi-organ system situated on a single chip was exposed to Staphylococcal = — B - Necroptosis 6/172 2.419 x 103
enteroto.xin B (SEB). SEB is. a toxin produced by g.ram-positive S. aureus bac.:teria. It is mainly | — :: = _—: — S5R Stalneling Pl 4/81 3 866 x 103
re§p0n3|ble for ff)od poisoning but has the potentlgl to be usgd as a blqloglcal thre.at ggent. = = . — =_: —== Mineral Absorotion 4187 I TIE
This MPS contained three organ systems — lung tissue, cardiac organoids, and skin tissue. =g _—— _m_ == _— ——  Exposue Level
: : . : : : C =-—1=- = = ———— B 100ug/mL Vasopressin-Regulated 3/46 5.725 x 103
These tissues are linked on-chip and share flow through micro-pumps, which is meant to mimic == _——= — | 10ug/mL Water Reabsorption
blood flow through a human system. The three tissues were harvested 24 hours after exposure = == = = — | : ;UBOSme Pantothenate and CoA 3/47 6.081 x 103
to SEB and prepared for proteomic and metabolomic analysis via Orbitrap mass spectrometry. | = _ == EICEAMESLE
= — ;_% Ribosome 5/153 7.318 x 103
. — ———— Aminoacyl-tRNA 4/118 1.430 x 1072
Materials and Methods — ———=_ biosynthesis ==
The TissUse Chip 3+ system was seeded with cardiac organoids, MATTEK EpiAirway lung SKin NOD-like Receptor 5/187 1,640 x 102 f"“m
tissue, and MATTEK EpiDerm-FT skin tissue. The system equilibrated overnight under flow in  EsEEas" Signaling Pathway 2 _ — _ ,
an incubator. Three different concentrations of SEB were prepared (1 yg/mL, 10 yg/mL, and AR e Felin: 128 1874 x10 Figure 4. Heatmap of significantly changing metabolites
100 pg/mL) and dosed onto the skin well of the chip. PBS in media was used as a vehicle B 100 pug/mL - - 2 from cardiac organoids exposed to SEB (purple) versus
Valine, Leucine, and 2/27 1.919x 10 control (blue)
control. Isoleucine Biosynthesis '
After 24 hours, all chip effluent, tissues, and organoids were collected from the multi-organ chip W1 pg/ml Dopaminergic Synapse 4/143 2.684 x 102 _
(MOC). The tissues and organoids were flash-frozen and then prepared for proteomic and m PBES Control en Secre 286 3079 x 102 Cpnclus!ons._ - . .
metabolomic analysis [1]. Proteomic samples were analyzed on a Thermo Orbitrap Tribrid Shin SECretion VI9X Mlcrophysmlogmal Sy§tem, speCIflcally a multi-organ chip, was
Eclipse mass spectrometer, and the data was analyzed via Proteome Discoverer (ver. MRNA Surveillance 3/91 3554 x 10-2 used to infect three tissue systems with SEB. The 100 ug/mL
2.5.0.400). Metabolomic samples were analyzed on a Thermo Orbitrap Q Exactive Plus mass _ = : Pathawy dosage saw the most proteomic and metabolomic changes, but
Sy . Cardiomyocytes animals or cell cultures. Several proteins in the skin showed
- g#i SEB exposures. Color scaling was based on the Log2 Fold Change chanaes in the SUMOVlation brocess and further downstream
-~ &= N | over untreated samples. The lung and skin tissues cluster better by Figure 3. Relative protein abundance graphs indicating protein rocegsses such asy mitocrrl)ondrial stress  and  damage
R ES" N~ —~ D » exposure concentration than cardiac organoids. This is most likely expression from SEB exposed tissues compared to unexposed. Fnterestin " metabolic chanaes were observed in the card?ac;
2 = - due to low cell count in the cardiac organoid compartment in Top — Sumo-conjugating enzyme Ubcd expression in skin N9 . ANYSS .
— e . . tissues organoids, including amino acid turnover and signatures of
S comparison to the lung and skin compartments. : hacterial infecti
RS ErEl >> Metabolite >> LC/NIS/MS >> Sloinformatic > e —— | Small ubiquitin-like modifier (SUMO)-conjugating enzyme Ubc9 acterial Intections.
pasLeE Extraction cquisttion Identiication Jugating enzy is part of the SUMOylation process which modulates several Rof
downstream cellular processes, like transcription, translation S e R - |
. . . . . . ’ ’ ? . , , Ew , in R, dA, S K, Piergiovanni M, Lucchesi C, Sh ker JT,
Flgure 1. Multi-omic plpe“ne of Organ-on-a-chlp apoptosis’ mitochondrial health, and stress response. Ubc9 V:IZ:;novicf jc et al. Fr?)rm ania:1;I_testei:13n to inu:]/?tro syest?e?n:?nadvanli:?rfgesstandar(c)alei;naatlioer: in
SampleS. . . : : . . microphysiological systems. Lab Chip 2024, 24(5):1076-1087. | | |
Sp@lelCa”y has shown to be essential in prOteln quallty control in + Goralski TDP, Jenkins CC, Angelini DJ, Horsmon JR, Dhummakupt ES, Rizzo GM, Simmons BL, Liem AT,
- G sn | cardiomyocytes. R AT I PR
Bottom — FIS1 protein expression in skin tissues. | efhomant orotoin quality contral in Cardiomyocytes. G Ros 2014 M5(ErTa e | Caured for
] FIS1 3 FIST is |mp||Cated in mitochondrial fusion and ﬁSSiOn, which Is a « Youle R.J. and Van der Bliek, A.M. “Mitochondrial Fission, Fusion,and’ Stress.” Science, 2012
mechanism controlled by SUMOylation. Mitochondrial fission and
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especially when the organelles are subjected to stressful
conditions. The upregulation observed upon SEB exposure
indicates that the cells are attempting to overcompensate for the

100 ug/mL, Skin | 1 ug/mL, Skin | PBS (Control), Skin " lack of Ubc9.




