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Abstract: Pathologies of the blood brain barrier (BBB) have been linked to a multitude of central nervous system (CNS) disorders whose pathology is poorly understood.  Cortical spreading depression (CSD) has long been postulated to be involved in the underlying mechanisms of these disease states, yet full understanding remains elusive.  This study sought to utilize an in vitro model of the blood brain barrier (BBB) with brain endothelial cell (b.End3) murine endothelioma cells to investigate the role of CSD in BBB pathology by characterizing effects of the release of major pronociceptive substances into the extracellular space of the CNS.  Application of trans endothelial electrical resistance (TEER) screening, transcellular uptake, and immunoreactive methods were used in concert with global proteome and phospho-proteomic approaches to assess the effect of modeled CSD events on the modeled BBB in vitro. Findings demonstrated relocalization and functional alteration to proteins associated with the actin cytoskeleton and endothelial tight junctions.  Additionally, unique pathologic mechanisms induced by individual substances released during CSD were found to have unique phosphorylation signatures in phospho-proteome analysis, identifying Zona Occludins 1 (ZO-1) as a possible pathologic “checkpoint” of the BBB.  Utilizing these phosphorylation signatures, possible novel diagnostic methods may be developed for CSD and warrants further investigation.
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1. Introduction 
[bookmark: _Hlk100567916]Changes in the extracellular milieu of the brain are reported during neurological disorders including low pH and high extracellular potassium [1, 2]. For example, cortical spreading depression (CSD) is a self-propagating wave of depolarization that spreads across the cerebral cortex, followed by hyperpolarization [3-6]. CSD events are associated with a number of neurological disorders, including migraine, traumatic brain injury (TBI), stroke, epilepsy, and multiple sclerosis (MS); making it a useful model with to study the broad-spectrum changes at the blood endothelial barrier (BEB) associated with neurological disease states [7-9]. The contents of interstitial fluid during CSD are estimated to be ~68 μM glutamate, 60 mM K+, with pH fluctuating between 0.05 and 1.5 pH units away from physiologic (7.4) in both acidic and basic directions at the CSD wave front [10, 11]. These elevations in glutamate and K+ are thought to propagate the spread of the CSD event by depolarizing nearby neurons; acidic spreading depression has been observed to occur in tandem with CSD [12-15].  In addition to neuronal and astrocytic activation [16, 17], changes in the parenchymal extracellular composition are reported to influence the blood-brain barrier (BBB) and neurovascular unit (NVU) [18-20], though controversy remains [5, 20-25]. 
The BBB is comprised of cerebral capillary endothelial cells, locked together by tight junction (TJ, apical side) and adherens junction (AJ, basolateral side) proteins to create a dynamic, highly selective permeable barrier between the blood and CNS [26-28]. Dynamic interactions of these junctional proteins allow for discrete regulation of substance influx and efflux to the brain [6, 26, 28-30].  These dynamic interactions can be deduced by examining interactions between functional residues within these proteins. Claudin-5 (CL-5), a critical mediator of BBB integrity, is a 23 kilodalton (kDa) protein of the Claudin multigene family which interacts with neighboring extracellular CL-5 loops in the apical space of tight junctions.  A conserved set of cysteine residues modulate contact adhesion allowing for a dynamic seal to form between endothelial cells [31].  In association with other proteins including Occludin (OCC), and Zona Occludins-1 (ZO-1), the actin cytoskeleton is structurally linked to neighboring endothelial cells, allowing the formation of a dynamic, highly selective barrier to the CNS [31].  Using an in vitro model of the murine BEB with bEnd.3 cells, we investigated the effect of high parenchymal K+ and acidic pH (6.8) on the paracellular integrity, expression, and localization of tight junction proteins, and determined the global, as well as phospho-, and total proteome following these manipulations. Our findings suggest that high concentrations of both K+ and H+ ions within the abluminal extracellular environments of the CNS significantly change the function of the BEB by altering the dynamic regulation of the global and phosho- proteome of b.End3 cells. 	Comment by Erika Liktor-Busa: Add a couple of sentences about size, and things that regluate the TJ complesxes from your disertation.
A common neurological headache disorder that affects 12% of the overall population of the United States is migraine(Wahl & Vanderah, 2019)(Wahl and Vanderah 2019). Migraine presents with reoccurring symptoms such as headache, nausea, dizziness, and sensitivity to stimuli(Burch et al., 2019; Wahl & Vanderah, 2019) [1]. Incidence of migraine is disproportionate, affecting 18% of women and 6% of men in the US (Burch et al., 2019; Wahl & Vanderah, 2019)[2]. There is no known underlying cause, designating it as a primary headache disorder. In addition to physical distress, migraineurs experience severe mental and economic challenges that lead to an overall decreased state of well-being (Wahl & Vanderah, 2019)[2]. Of those affected by migraine, one-third experience a visual or motor disturbance called aura, which precedes the migraine attack (Lauritzen, 1994; Olsen, 1995)[3]. This phenomenon is hypothesized to be caused by cortical spreading depression (CSD), a self-propagating wave of depolarization that spreads across the cerebral cortex, followed by hyperpolarization [3,(Ayata & Lauritzen, 2015; K. E. Cottier et al., 2018; Lauritzen, 1994; Olsen, 1995)4]. 

A suggested cause for pain during migraine, CSD leads to intracranial neurogenic inflammation and activation of meningeal nociceptors by release of glutamate, K+, H+, and ATP in the cortex (Lauritzen, 1994)[3,7]. Studies show that extracellular concentrations of glutamate and K+ greatly increase, facilitating the spread by depolarizing nearby neurons [11](Csiba et al., 1985; Gault et al., 1994; Scheller et al., 1992; Xiong & Stringer, 2000). 

(Ghaemi et al., 2018; van den Maagdenberg et al., 2004)CSD events are reported to influence the blood-brain barrier (BBB) and neurovascular unit (NVU)(Ayata & Lauritzen, 2015; Karissa E. Cottier et al., 2018; Dreier et al., 2006; Ebner & Chen, 2003; Gao et al., 2010; Gupta, 2009; Gursoy-Ozdemir et al., 2004). 

The BBB is comprised of cerebral capillary endothelial cells, locked together by tight junction (TJ, luminal side) and adherens junction (AJ, abluminal side) proteins to create a highly selective permeable barrier between the blood and CNS(Alvarez-Cermeno et al., 1986; Ashina et al., 2010; Hawkins & Davis, 2005). Dynamic interactions of these junctional proteins allow for discrete regulation of substance influx and efflux to the brain(Aänismaa et al., 2008; Aarseth & Barstad, 1968; Alvarez-Cermeno et al., 1986; K. E. Cottier et al., 2018; Hawkins & Davis, 2005) [3,5]. One consequence of CSD is a transient change in permeability of the BBB sufficient to allow small molecules (<400g/mol) to pass from the blood into the brain (K. E. Cottier et al., 2018)[4]. This prior report indicated that total expression of TJ proteins was unchanged leaving the question of the mechanisms underlying this opening [(K. E. Cottier et al., 2018)3,4]. Studies herein tested the hypothesis that reorganization of tight junction proteins underscores this transient opening of the BBB during CSD events using both in vitro and in vivo strategies.

2. Materials and Methods  

Animals Female Sprague Dawley rats (7-8 weeks old) were purchased from Envigo (Indianapolis, IN) and housed (3/cage) in a climate-controlled room on a regular 12/12 h light/dark cycle with lights on at 7:00 am with food and water available ad libitum. All procedures were performed during the light cycle in alignment with the policies and recommendations of the International Association for the Study of Pain, the NIH guidelines for laboratory animals, and IACUC approval from the University of Arizona (17-223). 

Human sample declaration
IRB?	Comment by Wahl, Jared Reid - (wahljare): IRB approval needed for deidentified human samples?	Comment by Erika Liktor: Get from Ohab
Immunohistochemistry

Cell culture

[bookmark: _Hlk88922544]b.BEnd.3 murineouse immortalized endothelial cells (ATCC, CRL-2299) were cultured under sterile conditions in 75.5 cmm2 standard flasks (VWR, 10062-860)  with Dulbecco’s modified eagle media (DMEM) (Gibco, 11995-065Thermo Fisher Scientific).  DMEM was supplemented with 2 μuM L-glutamine, (Thermo Scientific, 25030081), 10% fetal bovine serum (FBS) (Gibco, 10082139Gemini bio-products), and 1% penicillin-streptomycin (Invitrogen, 15140122Thermo Fisher Scientific : (10,000 U penicillin)).  C8-D1A murine astrocytes (ATCC, CRL-2541) were cultured in 75 mm2 standard flasks with DMEM supplemented with 10% (FBS) (Gibco, 10082139), and 1% penicillin-streptomycin (10,000 U penicillin).  Both cell lines Cells were split upon when they reached aboutreaching 80% confluence to prevent overgrowth. Cell culture flasks were then incubated in a 37°C humidified incubator with 5% CO2:95% air atmospheric conditions. They were stored in an incubator at standard sterile conditions (5% CO, at 37°C). 

Cell Treatments

b.End3 endothelial cells utilized in these studies were cultured in astrocyte conditioned media (ACM) for at least 24 hours prior to any type of treatment, collection, or fixing.  Usage of ACM for endothelial co culture was integral to functional culture of an endothelial barrier by supplying the critical growth factors and modelling the in vivo critical role of astrocytes in maintenance of proper endothelial barrier function.  ACM was produced in house by culturing fresh DMEM (Gibco 11995-065) cell culture medium supplemented with FBS (Gibco, 10082139) and penicillin 100 UI/mL-streptomycin 100 μg/mL (Invitrogen, 15140122) for 24 hours with a confluent growth of C8-D1A mouse astrocytes.  This media was aliquoted and frozen at -20°C for use when needed.  Culturing endothelial cells in ACM allows for the formation of a functional cell monolayer and tight junctions in vitro.  To model a CSD event, cells were treated with a 5-minute pulse of one of the following: 1) artificial cerebrospinal fluid (aCSF) (H₂O, 148.19 mM NaCl, 3 mM KCl, 1.85 mM CaCl₂, 1.71 mM MgCl₂ 1.80 mM NaHPO4, 229.20 µM NaH2PO4) in ACM at equivolume to 60 mM KCl was used as a control (Vehicle), 2) ACM buffered to a pH of 6.8 to model release of H+ ions into the extracellular space at the CSD wave front, prepared by titrating ACM down to a pH of 6.8±0.05 with 12 M HCl (EM Sciences, HX0603-4), 3) Glutamate (Thermo Scientific, A15031.36) dissolved in ACM at concentrations of 10 μM, 30 μM, and 100 uM, 4) 60 mM KCl (Sigma Aldrich, P9541) dissolved in ACM, Serving as a positive control.  60 mM KCl treatments at relevant physiological levels were utilized as it is a typical condition used to evoke K+ ion triggered spreading depolarization in live brain slices.[32]  

Transwell Cell Co-Cultures
In vitro modelling of the BBB was performed on a transwell monoculture system, utilized for TEER, 14C-sucrose, and fluorescein isothiocyanate (FITC) uptake assays [33].  b.End3 endothelial cells were seeded on the luminal side of either 12 or 24 well transwell inserts (Corning, 3460/3470) pretreated with 20% calf collagen.  b.End3 cells seeded on inserts and incubated for 48 hours, following which abluminal wells were replaced with ACM and incubated for 24 hours, all incubation being performed in a 37°C humidified incubator with 5% CO2:95% air atmospheric conditions.  Upon formation of a luminal monolayer on transwell the insert, co-cultures were then used for downstream analyses.



Trans-Endothelial Electrical Resistance (TEER)
  
The TEER technique utilizes measured changes in electrical resistance between two chambers filled with an aqueous
solution and separated by a cultured cell barrier, with increased electrical resistance indicative of increased barrier
integrity, as free flow of ions between the chambers is prevented by the cellular barrier, manifesting as an increased
electrical resistivity due to loss of electrical conductance between the chambers. (Fig 1A). b.BEnd.3 mouse endothelial cells were seeded on transwell inserts pretreated with 20% calf collagen and grown until formation of monolayer cultured on collagen coated transwell inserts (Corning) with 500uL b.End3 media for growth facilitation and incubated at 37°C until confluent, after which abluminal media was replaced with ACM for 24 hours.  . Abluminal side wells were treated with 500uL ACM (astrocyte conditioned media) at point of cell seeding to create an in vitro model of the BBB. ACM was prepared by incubating confluent CD18A astrocytes with Gibco DMEM media with 10% FBS and 1% penicillin-streptomycin and incubated for 24 hours at 37°C. A baseline TEER measurement was taken via chopstick method (EVOM) with an EVOM2 TEER meter (WPI, 91799),. The after which abluminal wells were were then treated by removing ACM and replaced with one of the following 5 minute treatment preparationsreplacing with one of the following treatment protocols: 1) Vehicle (aCSF in ACM), 2) ACM buffered to pH=6.8, 3) 60 mM KCl (Sigma, P9541-5006) in ACM 60 mM, ACM buffered to pH 6.8, 4) or 100 mM ATP100 μM glutamate , in ACM.  for 5 minutes. After treatment, the treatment media5-minute pulse, treatments were removed was removed  and replaced with fresh ACM and 360-minute time course was initiated. TEER was measured atmeasurements were taken at the following time points: baseline (pre-treatment), 0 min (right after termination of 5 min pulse), 10, 20, 30, 60, 120, 180, and 360 minutes.  Each experiment was repeated in triplicate for N=3. 



Immunocytochemistry

12Twelve mm round glass coverslips (Fisher Scientific, 12-545-80P) were immersed in 70% ethanol for one hour and air dried for 30 minutes under a UV lamp in a fume hood. Dried coverslips were placed in a 12-well plate and treated with a 20% collagen solution for two hours.  . A 20% calf collagen solution was placed onto each coverslip in 80uL aliquots and incubated at 37°C for two hours. After two hours, the cCollagen solution was then removed by vacuum suction., and b.BEnd.3 cells were aliquoted into 80 uL volumes of DMEM media (Gibco) with 10% fetal bovine serum , 1% penicillin/streptomycin, and 2mM L-glutamine addedand incubated at . Harvested bEnd.3 cells were diluted to 10,000-15,000 live cells per 80uL of DMEM media, verified by trypan blue automated cell counting. 80uL of cell suspension was aliquoted onto collagen treated coverslips and incubated at 37°C for 72 hours until formation of confluentmonolayer, after which a 24 hour ACM incubation was initiated. Upon reaching confluence, c  Cells  were then washed in 1x PBS and treated with one of following one of the following treatment protocolspreparations: 1) Vehicle (aCSF in ACM), 2) ACM buffered to pH=6.8, or 3) 60 mM KCl in ACMKCl 60 mM, ACM buffered to pH 6.8, or 100 mM ATP, for 5 minutes. After treatment cells were washed with 1x phosphatate buffered saline (, ACM was removed from all coverslips and the cells were washed 2x with PBS, prepped in house). After PBS washing, cells were,  then fixed with a 1% paraformaldehyde solution, permeabilized for 10 minutes, followed by PBS wash.  Cells were then permeabilized with 0.2% Triton X-100 in PBS(Sigma-Aldrich, T8787) in 1x PBS for 10 minutes at room temperature. Coverslips with fixed c eland ls were then blocked in a 10% bovine serum albumin (BSA) solution (Gold Bio, A420-520) with 0.1% Triton X100 for 1 hour.  . After blocking, coverslips were treated with pPrimary antibodies prepared y diluted in 10% BSA with 0.1% Triton X-100 were added to cells and incubated overnight at 4°C (Table 1). Following overnight incubation at 4°C,  The following day coverslips were washed with 1x PBS 5x and treated with either anti-mouse or anti-rabbit Alexa FluorTM  fluorescent secondary antibodiesy (Invitrogen, A-21206/A-10037) for 1 hour at room temperature.  Phalloidin staining was performed by treating fixed and permeabilized cells with Alexa FluorTM 488 conjugated Phalloidin (Thermo Scientific, A12379) suspended at 1:40 in 1x PBS for 20 minutes at room temperature.   After 5x PBS wash, cCoverslips with fixed cellsoverslips were then mounted on microscope slides by inverting and placing on the coverslips in Pro-Long Gold DAPI Antifade Mountant with DAPI (4′,6-diamidino-2-phenylindole) nuclear stain preparation (Invitrogen, P36931) on cleaned glass microscope slides . After mounting, coverslips wereand imaged on an ECHO fluorescent microscope followed by confocal microscopy.  Experiments were replicated in triplicate for N=4.. 




Treatments Cells were pulsed with ACM (vehicle), artificial cerebral spinal fluid or aCSF (H₂O, 148.19 mM NaCl, 3 mM KCl, 1.85 mM CaCl₂, 1.71 mM MgCl₂ 1.80 mM NaHPO4, 229.20 µM NaH2PO4) (vehicle),  KCl (60mM), glutamate (10, 30, 100uM),  pH (6.8-7.6), or ATP (10, 100uM) for 5 minutes to simulate changes in the environment of the CSD event wave-front. 

14C-Sucrose Transport Assays: 

b..End3 cells were subcultured (P16-19) and seeded on the luminal side of transwell inserts pretreated with 20% calf collagen a 24 transwell plate(Corning) at a concentration of 100000 cells per insert suspended in 300 µL of DMEM media (Gibco) with 10% FBS, 1% Pen/Strep, and 2 mM L-glutamine.  Inserts were co cultured with 600 µL pass 23 astrocyte conditioned media (ACM, prepared in house) abluminaly.  The 24 well transwell plates were thenand incubated for 72 hours at 37°C with 5% CO2:95% air to allow formation of a cell monolayer to allow formation of a cell monolaye, upon which abluminal media was replaced with ACM and another 24 hour incubation initiated. r.  Upon formation of the monolayer, After incubation treatment pulses  reagents were prepared in a new 24 well plate (Corning), these consistinged of the following:  treatment groups, 1) Vehicle (aCSF in ACM media), 2) 100µM disodium ATP (Tocris) dissolved in ACM, 23) ACM buffered to a pH= of 6.8, and 43) 60 mM KCl  (Sigma) dissolved in ACM.  Pulse Each treatments group was were aliquoted in triplicates at a volume of 600 µL into a new 24 well plate, with inserts transferred from original culture plate to treatment plate for 5-minute treatment.  30-minute time course was initiated, and abluminal media was collected at 5- and 30-minute timepoints in new collection plates .  and served as the collection plate for the 5-minute timepoint of the experiment. Scintillation vials for reading radioactivity radiolabel quantification were prepared in a 1:1 ratio for  witheach well at each  timepoint, for a total of 24 vials per plate.  Each vial was filled with 4 mL of Optiphase Supermax cocktail (PerkinsElmer, 6013119) to act as a suspension agent.  Radiolabeled C14C-sucrose Sucrose(PerkinElmer, NEC100XOO1MC) was prepared by suspending 100 µL stock C14C-sucrose in 10 mL of DMEM media., and 50 µL of this preparation was assayed for working range of radioactive emission this preparation was then run through a scintillation counter to verify proper levels of radioactive emission of 50000 counts per minute (CPM) CPM ± 15000 CPM.  Once Once this solution was prepared, 14C-sucrose suspension  luminal media on each insert was removedwas added to luminal side of each insert, which were then immediately  and replaced with media containing 100µL of the radiolabel preparation, each insert in the 24 well plate was then pulsed subjected to abluminal treatment pulseabluminally for 5 minutes in the pulse plate containing each pulse treatment, then.  After elapse of 5 minutes, inserts were transferred to the 30 minutecollection plate containing abluminal ACM.  Abluminal pulse media from the 5- and 30-minute collection plates pulse plate was then collected after insert transfer and aliquoted into a 5 ml its respective scintillation vial (RPI, 905-5051). , After elapse of 30 minutes from time point zero, abluminal media in the 30 minute plate was removed and aliquoted into each respective scintillation vial.  Upon collection of the 30 minute samples, vials were placed on athe scintillation counter, and allowed to run overnight to capture CPM values of each aliquot.  Result printout was collected and analyzed in Graphpad Prism software. N=4 Samples were run in triplicate for each condition for an n=4per condition in triplicate.   All radioactive material was disposed of according to University of Arizona regulations (RAM Protocol #698).

FITC Fluorescein Isothiocyanate Dextran Transport Assays: 

b.B.End3 cells were subcultured (P16) and were seeded onto the luminal side of transwell inserts pretreated with 20% calf collagen.  on a 12 well transwell plate (Corning) at 100000 cells per insert suspended in 500 µL of DMEM media (Gibco) with 10% FBS, 1% Pen/Strep, and 2 mM L-glutamine .  Inserts were cocultured with abluminal 1000 µL ACM astrocyte conditioned media (prepared in house with pass 22 astrocytes) placed on abluminal side of transwell inserts.  and The transwell plate was incubatedincubated at 37°C in 5%:95% air CO2 for 72 hours to allowuntil growth and formation of an endopithelial cell monolayer onupon the  insert, formation of monolayer was verified by coculture of equal number of cells (100000) in ACM (1000 µL), with observation of 100% cell confluence being used as a marker of monolayer formation.  Upon formation of monolayer, a 1000 µg/mL of 4000 or 70000 kDa fluoresceinnce isothiocyanate-dextran1 (Sigma-Aldrich, 46944/46945, 4/70 kDa FITit-C hereafter) solution was prepared in DMEM media (Gibco).  Once prepared, 500 µL of the FITit-C preparation was added to the luminal side of transwell inserts  insert of the trans well plates.  After addition of Fit-C preparation, the inserts were and pulsed abluminally for 5 minutes with the following treatments:, 1) vVehicle (aCSF in ACM), 2) 100 µM Na ATP (Tocris), ACM buffered toat  a pH= of 6.8 (prepped in house), 3) and 60 mM KCl in ACM (Sigma).  All pulse treatments were conducted at a volume of 1000 µL in ACM.  After pulsing aAll abluminal treatment material media was then removed and replaced with fresh ACM, and 180-minute time course for the experiment was initiated.  Aliquots of 10 µL aliquots were then taken removed from abluminal wells of each insert at timepoints of 10, 20, 30, 60, 120, and 180 minutes, and .  Aliquots were diluted into 90 mμLl DMEM media to allow for a working volume and placed into a 96 well black clear bottom microplate for absorbance fluorescence reading.  Fluorescence readings were taken with a ClarioStar plate reader (BMG Labtech) at an excitation wavelength of λ= 483 nm and emission wavelength of λ= 530 nm.    Readings were analyzed in GraphPad Prism software.  The experiment was repeated 4 times in triplicate with b.End3 cell passage numbers of 16,17,18, and 19 respectively, for an overall nN=4.	Comment by Erika Liktor: Check unit	Comment by Erika Liktor: each as singlet, duplicate, triplicate?


[bookmark: _Hlk88058876]Claudin-5-GFP Transfection
[bookmark: _Hlk88058835]Green fluorescent protein (GFP) Claudin-5 (CL-5) CMV transfection vector was purchased from GeneCopoeia (Catalog number EX-Mm01804-M29).  Transfection plasmid was amplified via E.coli transfection, and harvested using the Maxi-Prep technique (Qiagen) with DNA being quantified by Nanodrop.  Concurrent to harvesting of plasmid DNA, b.End3 endothelial cells were subcultured 17 times and allowed to grow to confluence on a 6 well cell culture plate (Corning).  Upon reaching confluence b.End3 cells were harvested via trypsinization for transfection with electroporation.  B.end3 cells were prepared by suspending each well of cells in 500 µL serum free media containing 1.07 mg/ml BES.  Each 500 µL aliquot of cells was then placed into an electroporation cuvette with 3.11 ug of plasmid DNA added.  Cuvettes were then pulsed on electroporator at the following setting: Voltage: 260 V, Capacitance: 1000 µF, Cuvette: 0.4 cm.  each cuvette was pulsed once with an exponential decay setting and immediately transferred into new collection tubes containing serum free media.  Cells were pelleted at 2000 g for 2 minutes, re3suspended in full growth media, and reseeded in a new six well plate to recover.  6 hours post transfection 500 µg/mL Neomycin Sulfate (Sigma) was added to growth media to select for cells successfully transfected.  Successful transfection was confirmed via fluorescent microscopy.
Live-cell imaging
Upon verification of successful transfection of GFP labeled CL5 into b.End3 cells, transfected cells were seeded on coverslips treated with 20% calf collagen at a count of 15000 cells per coverslip and incubated at 37°C for 72 hours until formation of a cell monolayer.Coverslips were then placed into a heated perfusion chamber (Warner Instruments) and held in place with a harp.  An imaging solution was prepped in house and buffered to physiological pH (7.4), to be used as a perfusion media.  The perfusion chamber and coverslip were then mounted onto a confocal microscope, with imaging solution attached to a perfusion pump containing a heating element which was attached to the perfusion chamber allowing maintenance of a 37°C temperature throughout experiment.  Cells were imaged at a magnification of 63x with an imaging laser set at λ=488 nm.  Buffered imaging solution was used as a vehicle to prepare the following perfusion treatments; vehicle (aCSF), solution buffered to pH 6.8, 30 nM GPR4 antagonist NE 52-QQ57 (MedChemExpress), and 60 mM KCl.  Coverslips were perfused for 15 minutes, with images taken every 5 seconds, and treatments changed every 5 minutes.  3 different treatments sequences were perfused into the chamber, the order being 1) Vehicle-aCSF-NE 52-QQ57; 2) Veh-pH 6.8-NE 52 QQ57; and 3) Vehicle-60 mM KCl-NE 52-QQ57.  Images recorded for each treatment group were compiled into a stack file of TIFF images to create a real time video of GFP labeled CL5 disposition during perfusion.

Western ImmunoblottingBlotting

Cell growth, treatment and harvesting
b..End3 Ccells were subcultured (x times) and seeded on 4 6 well  cell culture plates (Corning) and at a concentration of 200000 live cells per well.  After seeding plates were incubated at 37°C with 5% CO2:95% air for 24 hours.and grown to confluence.  At 24 hours gGrowth mediaum (DMEM media (Gibco) with 10% FBS, 1% Pen/Strep, and 2 mM L-glutamine) was then removed and replaced with ACM, and cells were incubated for an culture plates were placed back in incubator for an additional 2448 hours.  Cells   were removed, washed with 1x PBS, and Upon completion of 72 hour incubation plates were removed and treated with a 5 minute5-minute pulse of either 1) vVehicle  (aCSF in ACM), 2) (DMEM media), 100 μM ATP (Tocris), ACM buffered to a pH= of 6.8, 3)or 60 mM KCl in ACM.  Treatments were removed and cells were then washed in 1x PBS, and Upon completion of treatments, 200 μL of cell lysis buffer  (20 mM tris-HCl pH=7.4, 50 mM NaCl, 2 mM MgCl2 hexahydrate, 1% NP40, 0.5% sodium deoxycholate, 0.1% sodium dodecyl sulfate in H2O) containing 1% by volume of protease and phosphatase inhibitor cocktail prepared in house with 100x phosphatase and protease inhibitors added (Bimake, B14002/B15002), was added to each well, andwell and harvested via cell scraping.  Lysed cell material  from each well was then added to a new 1.7 ml 1.7 mL microfuge tube and centrifuged for 10 minutes at 13,000xg G’s at 4°C.  , supernatant was then transferred to a new 1.7 mμL microfuge tube for protein quantification.

Protein Quantification
Protein quantification was performed using a the Pierce BCA protein assay kit (Thermo Scientific, 23223).  Quantification standards were prepared from a 2 mg/mL Pierce BSA albumin Standard  standard (Thermo Scientific, 23210), serially diluted for generation of quantification curve.  out to the following 9 dilutions: 2000, 1500, 1000, 750, 500, 250, 125, 25, 0 (blank) μg/mL.  10 μL of each aAlbumin standards  dilution and cell lysate supernatantsamples collected previously waswere pipetted into a 96 well microplate  (Corning) in duplicate., and  W working reagent for colorimetric protein quantification was  added to each sample,prepared by adding reagents “A” and “B” from the BCA kit at a ratio of 50:1, after which 200 μL was added to each sample in the 96 well microplate , Microplate was then covered, , wrapped in aluminum foil, and incubated at 37°C for 30 minutes.  After following incubation plate was assayed for optical density (OD) on a BMG ClarioStar plate reader at λ=562 nm.  OD values for BSA Values from standards were used to generate a quantificationstandard curve which, the parameters of which in the form of Y=mx+b were was used to calculate total total amount of protein concentration in each sample.  Samples were then diluted to a concentration of 1 μg/μL in lysis buffer (with phosphatase and protease inhibitors) with 15 μL of 54x Lane Marker Reducing Sample Buffer Lamelli loading dye(Thermo Scientific, 39000) and Dithiothreitol (DTT) (Thermo Scientific, R0862) prepared at a 1:10 mixture added to each.  Samples were then frozen at -80° C. for gel electrophoresis.

Gel Electrophoresis/Transfer/Imaging
12 well precast 10% polyacrylamide gels (BioRad, 5671033) were loaded into a Criterion gel electrophoresis cell then filled with sodium dodecyl-sulfate polyacrylamide gel electrophoresis ( SDS- Page) running buffer (BioRrad, 1610722).  Wells were then loaded with 30 μg of previously harvested prepared treated cell lysate samples, done in triplicate by treatment group.  Electrophoresis cell was was set to run at 150 V for 10 minutes, then upped to 190 V for 40 minutes.  Following electrophoresis, Upon completion of the run, gels were removed from their plastic cassettes, andcassettes and placed into a membrane transfer apparatus with a nitrocellulose membrane (Amersham, 10600001) and filled with SDS transfer buffer (BioRad, 1610771).  Voltage was set at 20 V and transfer was run for 120 60 minutes.  Upon elapse of 60 minutesFollowing transfer, block apparatus was disassembled, and nitrocellulose membrane was removed and washed 3 times in 1X tris-buffered saline with 0.1% Tween® 20 Detergent (TBST, prepared in house) for 5 minutes, then .  After washing membrane was blocked in 5% milk in 1x tris-buffered saline (TBS, prepared in house) for 30 minutes, after which the membrane was washed 3 times in 1x TBST for 5 minutes.  Primary antibodies were thanthen added to membrane (prepared in 5% BSA in 1x TBST, see table for dilutions), and membrane was incubated at 4° C overnight for 48 hours on a rocker.  Following incubation, The following day primary antibodies were removedremoved,  and membranes were washed 3 times in 1X TBST for 5 minutes, then incubated for 1 hour60 minutes with  fluorescent secondary antibodiesy (LiCor, 926-68020/926-32211) at for 60 minutes at room temperature.  Secondary antibodies were  then removed, and membranes were , membranes were washed 3 times in 1X TBS, and imaged on anon Azure Sapphire Imaging machine., after which bBlots were analyzed and quantified using UnScan Iit software (Silk Scientific). and GraphPad Prizm software.

Table 1. Table of antibodies, vendor catalog number, dilution factor by application, and lot number

	Antibody
	Vendor/Catalog Number
	Application/
Dilution
	Lot Number

	Claudin-5 Mouse mAb (4C3C2)
	Invitrogen
	WB 1:500
	WD

	
	35-2500
	ICC 1:50
	327318

	VE-Cadherin Rabbit pAb (CD144)
	Invitrogen
	WB: 1:500
	UF

	
	36-1900
	ICC: 1:200
	287723

	Zona Occludens-1 Mouse mAb (ZO1-1A12)
	Invitrogen
	ICC: 1:200
	WG

	
	33-9100
	
	329571

	α-Tubulin (DM1A) Mouse mAb (DM1A)
	Cell Signaling Technology
	WB: 1:10000
	16

	
	3873
	
	

	Donkey anti-Rabbit IgG (H+L) Highly
Cross-Adsorbed Secondary Antibody,
Alexa FluorTM 488
	Invitrogen
A-21206
	ICC: 1:10000
	2156521

	Donkey anti-Mouse IgG (H+L) Highly
Cross-Adsorbed Secondary Antibody,
Alexa FluorTM 568
	Invitrogen
A-10037
	ICC: 1:10000
	2156521

	IRDye 800CW Donkey anti-Rabbit IgG Secondary Antibody
	Li-Cor
926-32213
	WB: 1:10000
	D10518-05

	IRDye 680RD Donkey anti-Rabbit IgG Secondary Antibody
	Li-Cor
926-68072
	WB: 1:10000
	D10728-15

	Alexa FluorTM 488 Phalloidin IR Dye 800CW Donkey anti-Rabbit IgG Secondary Antibody
	Invitrogen
A12379
	WB: 1:10000ICC 1:40
	D10518-052219253



Biotynylation

b.End3 cells were grown until confluence, after which they were incubated with ACM for 24 hours. ACM was removed following incubation and cells were treated for 5 minutes with the following: 1) Vehicle (aCSF in ACM), 2) ACM buffered to pH=6.8, 3) 60 mM KCl in ACM.  Treatments were removed, and cells were washed in 1x PBS at pH 8.0, and chilled to 4°C.  NHS-SS (Succinimidyl-2-(biotinamido)-ethyl-1,3-dithiopropionate) biotin linking reagent buffer from a Thermo Cell Surface Isolation Kit (Thermo Scientific, 89881) was then added to cells and incubated at 4°C for 25 minutes. A fresh aliquot of biotin buffer was added, and cells were incubated at 4°C for another 25 minutes.  Following incubation, biotin buffer was removed, and cells were washed with pH=8.0 buffered 1x PBS.  Cell lysis buffer was prepared in house with protease and phosphatase inhibitors added at a ratio 1:100 and added to cells.  Cell lysate was then scraped off culture plates and transferred to a 1.7 mL microfuge tube and incubated on ice for 1 hour.  Following incubation tubes were centrifuged at 14000 RPM for 10 minutes at 4°C and supernatant was pooled by treatment group into a new 1.7 mL centrifuge tube.  Neutravidin beads from the Cell Surface Isolation Kit were then equilibrated in lysis buffer and added to supernatant collected previously.  Tubes containing supernatant and beads were then sealed with parafilm and incubated overnight at 4°C on a rocker to allow mixing.  The following day each tube with was re-aliquoted into a new 1.7 mL microfuge tubes and centrifuged at 14000 RPM for 5 seconds to pellet Neutravidin beads.  After removing and freezing supernatant, Neutravidin beads were washed following the following protocol at 4°C:  1) three 3-minute washes with 500 μL of lysis buffer, 2) two 3-minute washes with a high salt buffer (500 mM NaCl, 5mM EDTA, 50 mM tris-HCl pH=7.5 in H2O), 3) one 3-minute wash with 500 µL no salt buffer (10 mM tris-HCl pH=7.5 in H2O).  Pellets were then eluted into 60 µL 2x Laemmli dye (BioRad, 1610737) with 10% DTT, and heated to 95°C for 10 minutes, cooled, and loaded onto a 10% SDS-PAGE gel for electrophoresis, then placed into a transfer apparatus with a nitrocellulose membrane for transfer of proteins to membrane.  Following transfer, membrane was blocked in 5% milk, and incubated with anti CL-5 antibody at 1:500 (Invitrogen, 35-2500), anti VE-Cadherin (VE-CAD) 1:500 (Invitrogen, 36-1900), and anti α-Tubulin 1:10000 (Cell Signaling, 3873S) primary antibodies for 48 hours at 4°C on a rocker.  Following primary antibody incubation, membrane was treated with secondary anti-rabbit and anti-mouse fluorescent secondary antibodies at a concentration of 1:10000, for 1 hour at room temperature.  Membranes was then imaged on a Licor fluorescent imaging apparatus, and bands were analyzed as explained in Western Immunoblotting procedure.  Experiments were performed in triplicate per condition for an N=2.


ELISAClaudin-5 ELISA kit was ordered from Cloud Clone Corp (catalog number SEF295Hu) and prepared according to included protocol.  Human serum sampleswere collected either from deidentified donor migraneur serum for test group or from volunteers for control group.  Rat serum samples 

Proteomics

b.End3 murine endothelial cells were treated with either a 24-hour hormone treatment or pulsed with one of the CSD constituent substances as described previously.  b.End3 cells were then lysed post treatment and loaded into SDS-PAGE for separation by electrophoresis.  200 μg of harvested cell lysate supernatant was separated on a 10% SDS-PAGE gel and stained for total protein presence with Bio-Safe Coomassie G-250 Stain.  Lanes from the gel were separated and cut into six slices, which then underwent trypsin digestion and resulting peptides were purified by C18 desalting performed as described in Kruse et al [34].  High performance liquid chromatography-electrospray ionization tandem mass spectrometry (HPLC-ESI-MS/MS) was performed in positive ion mode on an Orbitrap Fusion Lumos tribrid mass spectrometer (Thermo Scientific, IQLAAEGAAPFADBMBHQ) fitted with an EASY-spray source (Thermo Scientific, ES081).  NanoLC was performed according to protocol published by Kruse et al [34]. Tandem mass spectra were extracted from files in Xcalibur ‘RAW’ and ProteoWizard 3.0 msConvert script was used to assign charge states with default parameters.  Mascot (Matrix Science, ver 2.6.0) software was used with default probability cut off score settings to search fragment mass spectra against the Mus musculus database in SwissProt_2018_01 (16965 entries).  The search variables used were as follows: 10 ppm mass tolerance for precursor ion masses and 0.5 Da, for product ion masses, trypsin digestion, maxima of two missed tryptic cleavages, variable modifications of phosphorylation of threonine, tyrosine, and serine, and oxidation of methionine.  Scaffold software (Proteome Software, ver 4.8.7) was used to cross correlate Mascot search results with X! Tandem software.  Significance value was set at p ≥ 0.05.  Ion intensity-based label free quantification was performed using Progenesis QI for proteomics software (Nonlinear Dynamics, ver 2.4).  .raw files were imported and converted into two dimensional maps with y axis defined as time, and x axis defined as m/z which was then followed by selection of a reference run for alignment.  The aligned runs were then used to create an aggregate data set containing all peak information from all samples, after which data pool was narrowed down to only +2, +3, and +4 charged ions for further analyses.  The top 8 most intense precursors of a given feature were grouped into a peak list of fragment ion spectra and exported in Mascot generic file (.mgf) and searched against the Mus musculus SwissProt_2018_01 database utilizing Mascot software.  The following search variables were used: 10 ppm mass tolerance for precursor ion masses, and 0.5 Da for-product ion masses, trypsin digestion, maxima of two missed tryptic cleavages, variable modifications of oxidation of methionine and phosphorylation of serine, tyrosine, and threonine, 13C=1.  The data was collected into a Mascot .xml file and imported into Progenesis allowing for assignment of peptides and proteins.  Peptides with a Mascot ion score < 25 were not used for further analyses.  Non-conflicting peptides and precursor ion abundance values were normalized using a reference run to perform protein quantification.  A heat map of principal component analyses (PCA) and unbiased hierarchal clustering analyses were performed in Perseus [35, 36].


Phospho-Proteomics

[bookmark: _Hlk100570477]b.End3 cells were cultured and treated as described previously.  5 mg of protein lysate per sample (n=4) underwent tryptic digestion and enrichment of phosphopeptides with sequential enrichment from metal oxide affinity chromatography as per manufacturers instruction (Thermo Scientific).  A Thermo Orbitrap Fusion Lumos Tribrid Mass Spectrometer fitted with an EASY Spray source was used to perform HPLC-ESI-MS/MS in positive ion mode, according to manufacturer’s protocol.  NanoLC was performed using a Thermo Scientific UltiMate 3000 RSLCnano System with an EASY Spray C18 liquid chromatography column (Thermo Scientific, 50 cm 3 75 mm inner diameter, packed with PepMap RSLC C18 material, 2 mm, cat. # ES803); loading phase for 15 minutes at 0.300 mL/min; mobile phase, linear gradient of 1% to 34% buffer B in 119 minutes at 0.220 mL/min, followed by a step to 95% buffer B over 4 minutes at 0.220 mL/min, hold 5 minutes at 0.250 mL/min, and then a step to 1% buffer B over 5 minutes at 0.250 mL/min and a final hold for 10 minutes (total run 159 minutes); buffer A 5 0.1% formic acid/H2O; buffer B 5 0.1% formic acid in 80% acetonitrile.  All solvents utilized were liquid chromatography mass spectrometry grade.  Xcalibur software (Thermo Scientific, ver 2.3) was used to acquire Spectra, and Progenesis QI (Nonlinear Dynamics, ver 2.4) was used to perform ion free intensity-based label free quantification.  .raw files were imported and converted into two dimensional maps with y axis defined as time, and x axis defined as m/z which was then followed by selection of a reference run for alignment.  The aligned runs were then used to create an aggregate set containing all peak information from all samples, after which data pool was narrowed down to only +2, +3, and +4 charged ions for further analyses which were then grouped by treatment.  A peak list of fragment ion spectra was generated and exported in Mascot generic file (.mgf) and searched against the Mus musculus SwissProt_2018_01 database, utilizing Mascot software with the following search variables: 10 ppm mass tolerance for precursor ion masses and 0.5 Da for-product ion masses, trypsin digestion, maxima of two missed tryptic cleavages, variable modifications of oxidation of methionine and phosphorylation of serine, tyrosine, and threonine, 13C=1.  Protein or peptide assignment was done by importing the resultant Mascot .xml file into Progenesis, while peptides with a <25 Mascot ion score were not used further.  Precursor ion abundance values for peptide ions were normalized to all proteins.  Differences were assessed as significant if a difference between vehicle and treatment groups were ≤ p=0.05 assessed with one way analysis of variance (ANOVA).  Consensus phosphorylation sequences were determined using iceLogo [37-39].  Heat maps and PCA analyses were performed in Progenesis.

Four six well tissue culture plates (Corning) were pretreated with a 20% collagen solution (prepped in house) for two hours and then seeded with 100000 GFP-CL5 transfected cells per well, subcultured  times, with 2 mL of astrocyte conditioned media (ACM) supplied per well for a growth medium.  Cells were allowed to grow until reaching confluence, at which point cell plates were chilled to 4°C and rinsed in 1x PBS buffered to pH 8.0.  1 mL of pre prepared biotin buffer containing NHS-SS biotin linking reagent (Thermo) was then added to each well and then incubated at 4°C for 25 minutes, at which point a fresh aliquot of biotin buffer was added and cells were incubated at 4°C for another 25 minutes.  After 50 total minutes of incubation, biotin buffer was removed and cells were washed 3 times with 1x PBS, buffered at pH of 8.0.  Cell lysis buffer was prepared as outlined in kit protocol, with protease and phosphatase inhibitors added at a ratio of 10 µL per mL of lysis buffer and 1 mL of lysis preparation was added to each well of the four plates.  Cells were then scraped off culture plates and transferred with lysis buffer to a 1.5 mL microfuge tube and incubated on ice for 1 hour.  After incubation tubes were centrifuged at 14000 RPM for 10 minutes at 4°C and supernatant was pooled by well number into a new 15 mL centrifuge tube, pellet was discarded.  Neutravidin (Thermo) was then equilibrated in lysis buffer by adding 1800 µL of the 50% Neutravidin-agarose slurry to a 2 mL centrifuge tube and centrifuging at 14000 RPM for 10 minutes at 4°C.  Neutravidin was then resuspended in 1800 µL of lysis buffer.  Resuspended neutravidin was then added to each pooled collection tubeat 150 µL Neutravidin suspension per well (900 µL per treatment group, 450 µL Neutravidin), each tube was then sealed with parafilm and incubated overnight at 4°C on a rocker to allow mixing.  The following day each pooled tube with Neutravidin was re-aliquoted into 1.5 mL microfuge tubes and centrifuged at 14000 RPM for 5 seconds to pellet Neutravidin beads.  After removing supernatant, Neutravidin pellets were washed with the following protocol, all at 4°C: 1) 3 3 minute washes with 500 µL lysis buffer. 2) 2 3 minute washes with 500 µL high salt buffer.  3) 1 3 minute wash with 500 µL no salt buffer.  After washes, pellets were eluted into 60 µL 2x SDS sample buffer with 10% DTT.  Samples were then heated to 95°C for 10 minutes on a heat block, cooled, and loaded onto a 10% SDS PAGE gel and run for 40 minutes at 190 V.  after gel had finished running, the gel was placed into a transfer apparatus with a nitrocellulose membrane and run for 1 hour at 20 V.  After transfer, membrane was blocked in 5% milk in TBST overnight at 4°C on a rocker.  The following day blocking agent was removed and membrane was treated with 1° anti antibody (Invitrogen), 1:500 in 5% TBST overnight at 4°C on a rocker.  The following day 1° antibody was removed, and membrane was treated with 2° anti-rabbit fluorescent antibody, 1:10000 in 5% TBST, for 1 hour at room temperature.  After treatment membrane was imaged on Licor fluorescent imaging apparatus, and bands were analyzed using UnScan it software, with statistical analyses being performed in GraphPad Prizm.

Statistics 

Numbers Numbers required to achieve statistical power for assays below were determined by a priori in G.Power 3.1 in alignment with National Institute of Health (NIH) policy (NOT-OD-15-102) such that differences of 20% were detected with 80% power at a  significance level of 0.05.  (Andrews et al, 2016).Post experimental data analyses were performed in GraphPad Prizm 7.0 (Graphpad Software).  Unless otherwise noted, data was analyzed with either a two-way paired or unpaired t test, or one way ANOVA with either a Bonferroni, Dunnett, or Tukey test administered ad hoc.



3. Results

[bookmark: _Hlk100571062]3.1 In vitro modelling and functional significance of CSD induced paracellular leak in BEB

Pronociceptive substances released at the wavefront of CSD events were screened to qualitatively assess significant induction of paracellular leak on the BEB.  Substances found significant were then assayed for functional impact on BEB with quantitative transport assays to assess magnitude of BEB breach and functional outcomes on BEB

3.1.1 TEER screening of BEB demonstrates rapid induction of paracellular leak by abluminal K+ and H+ ion treatment in a transwell in vitro model of the BEB.

Integrity of the BEB was assayed via TEER (Fig 1A-B) to ascertain individual ability of each substance to induce a breach in the BEB.  Following a 120-minute time course TEER screening demonstrated a rapid, significant drop in electrical resistance immediately following five-minute basolateral treatment with 60 mM KCl (**p=0.0010) and acidified media (**p=0.0011), (Fig 1B), maintaining low TEER values throughout the 120-minute time course.  Treatment with 100 μM glutamate (p=0.2941) and 100 μM ATP (**p=0.0058) demonstrated no significance, and a gradual drop in TEER becoming significant 20 minutes following treatment, respectively.  Rapid reduction in TEER values following KCl and acidified pH delayed effect of ATP, and no effect from glutamate suggest a fast-acting mechanism regulating BEB functionality.
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Figure 1: Screening and functional consequences on BEB following treatment with pronociceptive substances released during CSD.  a) Cross sectional diagram of transwell culture and TEER assay.  b) 60 mM KCl and acidified pH induced a rapid, significant drop in TEER following abluminal treatment, while 100 μM ATP demonstrated a gradual TEER drop, and 100 μM glutamate had no significant effect (60 mM KCl vs Veh: mean of differences: -32.5 ± 5.463, **p=0.0010; n=3/4: glutamate vs Veh: mean of differences = 1.612 ± 1.403, p=0.2941, n=3: pH=6.8 vs Veh: mean of differences = -25.77 ± 4.392, **p=0.0011, n=3/4: 100 μM ATP vs Veh: mean of differences = -10.39 ± 2.483, **p=0.0058, n=3: all data analyzed with two tailed paired t test ± SEM) Abluminal 14C-sucrose uptake by treatment group at (c) 5 and (d) 30 minutes post treatment.  60 mM KCl and acidified pH induced significant increase in 14C-sucrose uptake 5 minutes post treatment, (Veh vs pH=6.8: mean difference = -52.29; 95% CI (-73.35, -31.22) ****p = < 0.0001, n = 8: Veh vs 60 mM KCl: mean difference = - 27.21; 95% CI (-48.27, -6.139) **p = 0.009, n = 8;  analyzed by one way ANOVA with Dunnett’s multiple comparison test post-hoc F(3,29) = 12.79) which ablated after 30 minutes (Veh vs pH=6.8: mean difference = -10.15; CI (-29.65, 9.356) p = 0.4440, n = 8: Veh vs 60 mM KCl: mean difference = -7.825; 95% CI (-7.825, 30.02) p=0.3499, n=9, ns=no significance: analyzed by one way ANOVA with Dunnett’s multiple comparison test post-hoc. F(3,31) = 2.554).  e) 4 and f) 70 kDa FITC uptake assays demonstrated no significant difference between treatments over a 180 min time course, suggesting magnitude of BEB breach is both <4 kDa (Veh vs pH=6.8: mean difference = -698151; 95% CI (-14413073, 13016771) p = 0.9984, n = 4: Veh vs 60 mM KCl: mean difference = -395731 95% CI (-14110653, 13319191) p = 0.9997, n = 4: analyzed by one way ANOVA with Dunnett’s multiple comparison test post-hoc; F(3,20)=0.2069, ns = no significance) and 70 kDa (Veh vs pH=6.8: mean difference = -524392; 95% CI (-4332275, 3283491) p=0.9713, n=4: Veh vs 60 mM KCl: mean difference = 38393; 95% CI (-3769490, 3846276) p=0.9999, n=4: analyzed by one way ANOVA with Dunnett’s multiple comparison test post-hoc; F(3,20)=0.06026, n.s. = no significance).

3.1.2 Functional BEB integrity is disrupted by KCl, acidified pH, and ATP, but not high concentrations of abluminal glutamate

[bookmark: _Hlk100572530]The rapid drop in TEER following KCl and acidified pH treatment observed in the TEER screenings warranted further investigation into functional consequences on the BEB integrity following these insults.  Utilizing the same transwell culture model, 14C-sucrose, 4 and 70 kDa FITC uptake assays were performed over a 30- and 180-minute time course, respectively to assess functional alterations to the BEB as well as quantifying the magnitude of the BEB breach.  4 and 70 kDa FITC uptake demonstrated no significant differences between treatments (Fig 1E-F), and this was most likely due to the higher molecular weights of the fluorescent markers.  Interestingly, 14C-sucrose at a molecular weight of 300 Da showed highly significant abluminal uptake immediately following KCl (**p=0.009) and acidified pH treatment (****p<0.0001) (Fig 1C), which was then abolished back to baseline after 30 minutes (Fig 1D).  This observation would suggest KCl and elevated H+ treatment induce a breach permissive of no greater than 300 Da, and a rapid, dynamic reannealing of the BEB.  This data also indicates no loss of functionality to the proteins comprising the tight junctions of the BEB following KCl and H+ insult, suggesting a reversible underlying mechanism. 

3.12 Changes in TJ localization, but not total expression, are induced by mediators released during CSD.a aCSF/KCl

[bookmark: _Hlk100575287]Our previous in vivo studies indicated that total detection of expressed TJ proteins CL-5 and OCC were unchanged in isolated microvessels following CSD induction [21].  [40][6]  To determine if relocalization of the TJ and associated proteins underscored the rapid increase and dynamic ablation of paracellular leak in the BEB following CSD insult, confocal microscopy and immunofluorescent techniques were utilized to observe and quantify changes to TJ protein localization following KCl and acidified pH treatment, as well as induction of f-actin stress fiber formation.  Alterations to the global b.End3 proteome following KCl or acidic pH insult were then assessed with quantitative proteomics.

3.2.1 Confocal immunofluorescence and quantification of CL5, but not ZO-1 and VE-CAD demonstrated significant alteration to localization following KCl and acidified pH treatment.

Alterations to localization of the proteins CL-5, ZO-1, and VE-CAD were assayed to observe changes at the TJ (CL-5), AJ (VE-CAD), and intracellular compartment (ZO-1) of the endothelial cells following KCl and acidified pH insult (Fig 2A).  Confocal images taken at 40x magnification for each treatment condition were quantified for corrected total cell fluorescence (CTCF) to assess alterations in fluorescent signal of each protein post treatment (Fig 2B).  When compared to media, both KCl and acidified pH induced significant alterations to CL-5 fluorescence, with KCl (*p=0.0351) reducing and acidic pH (*p=0.521) increasing CL-5 CTCF.  These treatments had no significant effect on both ZO-1 and VE-CAD fluorescence.  These observations suggest rapid onset of apical protein relocalization in vitro.

3.2.2 Confocal imaging and quantification of f-actin filaments demonstrate increase in f-actin stress fibers following KCl insult

[bookmark: _Hlk100576046][bookmark: _Hlk104753455]Structural integrity of the endothelial cell TJ complex is dependent on intracellular actin cytoskeletal linkage to transmembrane TJ proteins such as CL-5 and OCC via ZO-1,2, and 3.  Cells undergoing structural insult can be identified by increased detection of filamentous actin (F-actin) vs normal globular (G-actin) actin.  FITC conjugated phalloidin was used to stain f-actin filaments following KCl and acidified pH treatment (Fig 2A-B).  Following KCl insult, a significant increase in F-actin stress fibers were observed when compared to vehicle (*p=0.0415), indicative of potential homeostatic stress response following KCl insult.

3.3 Dynamics of CL-5 trafficking and localization within cellular components

CL-5 has recently been validated as a clinical biomarker for several CNS disorders, therefore focus was placed on this protein to further characterize its utility as a tool for investigating alterations to TJ integrity under experimental conditions, and to further characterize potential of clinical diagnostic use.  Biotynylation cell surface protein isolation assays were utilized to quantify changes in surface localization of CL-5 following KCl and acidified pH insult.  b.End3 cells grown on luminal inserts of a transwell plate were pulsed with ACM containing 60 mM KCl for 5 minutes.  Upon replacement with fresh media TEER values of the endothelial monolayer were assayed over a 6 hour timecourse, and consistently demonstrated significant drop in resistance, averaging around 40 Ω when taking all assays into account.  aCSF treatments mirrored KCl pulses, with equivalent amount of aCSF added to ACM to serve as a negative 
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Figure 2: Localization of endothelial TJ associated proteins and visualization of F-actin fibers following KCl and acidified pH treatment in vitro a) Representative immunofluorescence images of b.End3 endothelial cells post 60 mM KCl and acidified pH treatment for CL-5, VE-CAD, ZO-1, and F-Actin.  b) Quantification of CL-5, ZO-1, VE-CAD, and F-Actin by corrected total cell fluorescence (CTCF).  CL-5, but not ZO-1 or VE-CAD demonstrated significant changes to total signal following KCl and acidified pH treatment, while F-actin was increased following KCl insult. (CL-5: media vs 60 mM KCl: mean rank difference = 25.20, Z=2.107, *p = 0.0351, n1=34, n2=43: media vs pH=6.8: mean rank difference = -21.48, Z=1.942, *p = 0.0521, n1=34, n2=64; Kruskal-Wallis statistic: 36.25, ****p summary: <0.0001.  ZO-1: media vs 60 mM KCl: mean rank difference = 12.77, Z=1.319, p = 0.1872, n1=25, n2=33; media vs pH=6.8: mean rank difference = 9.352, Z=0.9384, p = 0.3481, n1=25, n2=29; 6.382; Kruskal-Wallis statistic: 6.382, p summary: 0.0945.  VE-CAD: media vs 60 mM KCl: mean rank difference = -16.30, Z=1.312, p = 0.1894, n1=29, n2=46: media vs pH 6.8: mean rank difference = 5.375, Z=0.4411, p = 0.6592, n1=29, n2=51, ns = no significance, Kruskal-Wallis statistic: 10.12, *p summary: 0.0175.  Analyzed by Kruskal Wallis test with post-hoc uncorrected Dunn’s test.  F-actin: media vs pH 6.8: mean difference = -35648452, 95% CI (-98074135, 26777231), n1=3, n2=3, p=0.2510, n.s.= no significance; media vs 60 mM KCl: mean difference = -65606966, 95% CI (-128032649, -3181283), n1=3, n2=3, *p=0.0415.  F(2,6)=4.538; p=0.630).  All measurements were calculated as integrated fluorescence density – (individual cell area * mean background fluorescence) ± SEM.
3.3.1 Endothelial cell surface localization of CL-5 was significantly increased following acidified pH treatment, while VE-CAD surface detection was unaffected
CL-5 and VE-CAD serve as major endothelial cell tethering proteins within the apical TJ, and basolateral AJ, respectively.  Localization of both proteins following KCl and acidified pH insult was assayed via biotynylation isolation to assess relocalization post exposure and to deduce primary location of effect to the apical or basolateral side of the cell.  Exposure to acidified pH (*p=0.0231) was shown to increase surface detection of CL-5 vs vehicle (Fig 3B), while VE-CAD was not altered following exposure to acidified pH or KCl (Fig 3A).  These observations suggest effect of KCl exposure on cell surface protein trafficking is limited to the locality of physical contact with the cell within the short time frame of CSD.  

3.4 Mechanisms of CL-5 reorganization

To determine the mechanisms underlying relocalization of the TJ proteins and associated increase in BEB permeability, we next employed unlabeled quantitative total and phospho-proteomic analyses of b.End3 cells post KCl and acidified pH treatment.  Total proteome analysis allows for assessment of changes to the homeostatic environment of the cell through quantification of total protein enrichment, while phospho-proteomic analysis allows for analysis of post translational modifications (PTMs) to the global proteome. 
3.1b Glutamate 

3.4.1 Global quantitative unlabeled proteome analysis demonstrated significant, differential changes to total enrichment of TJ and cytoskeletal associated proteins following KCl and acidified pH exposure.

[bookmark: _Hlk100578951]Global proteome analysis of b.End3 cells post treatment detected a total of 7113 proteins, 6279 of which were identified as being statistically significant (p<0.0544).  Acidified pH down regulated 68 proteins and upregulated 160 proteins (Fig 4A and C), while 49 proteins were down regulated following KCl exposure (Supplement S3).  Comparison of total protein enrichment by each treatment group revealed no significant overlap in effect between KCl and acidic pH (Fig 4B), implying unrelated mechanism of effect on protein enrichment by treatment.  Divergent effects on CL-5 and ZO-1 enrichment were observed following KCl and acidified pH exposure, with CL-5 being downregulated by acidic pH (p=0.2286), and ZO-1 upregulated following KCl exposure (*p=0.0207) (Fig 4D).  Degradation of cell structural integrity was further observed in changes to expression of three proteins associated with actin cytoskeletal processes. These were found to be significantly altered following KCl and acidified pH treatment (Fig 4D).  Actin filament associated protein 1 (AFAP1), F-actin capping protein subunit alpha 2 (Caza2), and F-actin capping protein subunit beta (Cap2b) are all necessary for actin function, and changes to expression could potentially induce loss of structural integrity of the cell.  Acidified pH treatment had a differential effect on all three proteins, upregulating AFAP1 (p=0.0034) while downregulating Caza2 (p=0.0006) and Caz2b (p=0.0508).  KCl exposure significantly downregulated Caza2 (p<0.0001).  Taken together these data indicate loss of BEB integrity is due to a synergistic convergence of unrelated individual deleterious processes induced by KCl and acidified pH exposure to TJ proteins CL-5, ZO-1, and actin maintenance proteins AFAP1, Caza2, and Cap2b. 

3.4.2 Functional and pathway analyses of global b.End3 proteome with GO and KEGG bioinformatic databases 

Proteins showing statistically significant changes in enrichment from the total proteome analysis were analyzed in the Gene Ontology (GO) and Kyoto Encyclopedia of Genes and Genomes (KEGG) bioinformatics databases to assess functional impact of protein expression changes detected in our analysis following KCl and acidified pH exposure.  Separated by treatment group, significant proteins (α <0.05) were queried through the following three GO bioinformatic databases: biological processes (BP), cell compartment (CC), and molecular function (MF).  Additionally, the KEGG pathway database was screened, and positive hits were scored by fold enrichment (FE), with the top ten from each database listed, separated by treatment group, and graphed by FE score against log transformed -Log10 p values to visualize functional effect on pathways and processes related to TJ and cytoskeletal homeostasis (Fig 5 A-D).  Database queries allowed for identification of upstream proteins involved in structural maintenance of the cell whose global enrichment levels were altered following KCl and acidic pH exposure (Figs 4D, 6D).  These observations imply the synergistic effect of individual mechanisms of KCl and acidic pH summing to an increased effect.
Glutamate (10uM-100uM; 5 min pulse) continuously applied to the abluminal side of b.End3 mouse endothelial cells, grown in vitro  in trans-well  inserts with astrocyte conditioned media as a static BBB model, did not reduce TEER values as compared to baseline over 3.5 h (Fig).  These results suggest that paracellular leak at the BBB is not mediated by glutamate.	Comment by Erika Liktor: Is this right, not 5 min?



[image: ]3.1c pH After a five-minute pulse of either ACM or ACM titrated to 6.8, 7.0, 7.2, 7.4, or 7.6, TEER of the bEnd.3 endothelial monolayer was measured. The baseline measurement was around 100 Ω. Overall, TEER measurements appeared to drop slightly during the 6hr time course (Figure ???). At pH levels above and below 7.2, TEER readings were significantly decreased from baseline (Figure 3B). 
3.1d ATP Treatment with disodium ATP reduced TEER values from 170 Ω  to between 140-150, about half of the observed TEER drop initiated by treatment with 60 mM KCl (Fig???).  The decline in TEER after 5 min ATP exposure occurred over 120 min  that persisted for 6b h.  Vehicle treated groups maintained high TEER values ~170 throughout the experiment, with blank values hovering between 120-130, suggesting the formation of endothelial cell monolayers are a contributing factor in generating a meaningful barrier in this in vitro model of the mammalian BBB. 
3.2 Functional significance (aCSF, KCl, pH 6.8, ATP) 0-5 and 6-30 min
3.2a Sucrose
14C uptake across b.End3 cell monolayer was significantly enhanced after a 5 minute pulse with ATP, pH=6.8, or 60 mM KCl but not by ACM vehicle.  At 30 minute post pulse paracellular integrity is not different between treatment groups suggesting paracellular leak immediately post treatment, ceasing after a 30 minute recovery period 	Comment by Erika Liktor: Will need to discuss the teer vs sucrose time differences in atp in discussion
3.2b FITC-Dextran No significant amount of FIT-C was detected over a 180-minute time course (Fig???) with either 4000 or 70000 Da FITC-dextran conjugates after KCl, ATP, or pH=6.8 stimulation.  The observed lack of significant fluorescence is this series of experiments further implicates the maintenance of barrier integrity within b.End3 cell monolayers when treated with 100 µM Na ATP, ACM buffered at pH 6.8, and 60 mM KCl when tested against compounds of 4000 or 70000 Da.  These data imply that there is an upper limit to the size of the breach imbued by the high extracellular K+, ATP, or pH flux . 
3.2d suma

3.4 Changes in TJ localization, but not total expression, are induced by mediatiors released during CSD(Karissa E. Cottier et al., 2018)
3.4a Claudin-5
3.4b ZO-1
3.4c VE-Cadherin 
3.4d PECAM

In order to determine how pH and ATP affects the relocalization of TJs, bEnd.3 cells were pulsed with ACM titrated to pHs of 6.8, 7.0, 7.2, 7.4, or 7.6 or with 100uM ATP for 5 minutes. In comparison to that of the naïve slide, TJ formation of claudin-5 for pH treatments of 7.0, 7.2, and 7.6 appeared diminished. They lacked the uniform and defined structure around the cells as was found in the naïve ACM treatment (Figure ???). The ATP treatment appeared diminished as well, although to a lesser degree. For VE-cadherin, immunofluorescence staining showed similar results as claudin-5. The TJ immunoreactivity around bEnd.3 cells treated at pHs of 7.0 and 7.4 was low, as compared to the naive treatment (Figure ???). For PECAM-1, the protein was almost gone at a treatment pH of 6.8. The structure of the junctions appeared altered at a pH of 7.6, lacking that uniform striated pattern seen in the naïve, 7.0, and 7.2 treatments (Figure???). This data follows other data focusing on the tight junction proteins.
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3.5 Dynamics of Claudin-5 movement between cellular compartments Figure 3: VE-CAD and CL-5 surface localization following KCl and acidified pH exposure in vitro.  Biotynylation pulldown quantification plots of a) VE-CAD and b) CL-5 following 60 mM KCl and acidified pH insult.  CL-5 detection was significantly increased following acidified pH exposure, while VE-CAD detection was not significantly affected, suggesting a direct pH mediated mechanism on CL-5 localization, (CL-5: Veh vs 60 mM KCl: mean difference = 20.16, 95% CI (-0.8883, 41.21), p=0.0587, n1=3, n2=3; Veh vs pH=6.8: mean difference = 25.49,  95% CI (4.444, 46.54), *p=0.0231, n1=3, n2=3; Analyzed by one way ANOVA with Tukey’s multiple comparison test post-hoc F(2, 6)=7.684, p=0.0221. VE-CAD: Veh vs 60 mM KCl: mean difference = 33.37, 95% CI (-16.46, 83.20), p=0.1801, ns=no significance, n1=3, n2=3; Veh vs pH=6.8: mean difference = 34.35, 95% CI (-15.48, 84.17), p=0.1668, n1=3, n2=3. Analyzed by one way ANOVA with Tukey’s multiple comparison test post-hoc F(2, 6)=2.900, p=1315).  No significant detection of VE-CAD (c) or CL-5 (d) was observed in supernatant collected during biotynylation (VE-CAD: Veh vs 60 mM KCl: mean difference = 10.19, 95% CI (-153.7, 174.1), p=0.9934, ns=no significance, n1=2, n2=2; Veh vs pH=6.8: mean difference = 25.14, 95% CI (-138.8, 189.1), p=0.9191, ns=no significance. Analyzed by one way ANOVA with Tukey’s multiple comparison test post-hoc, F(3, 4)=0.1315, p=0.9364; D, CL-5: Veh vs 60 mM KCl: mean difference = 7.446, 95% CI (-227.8, 242.7), p=0.9991, ns=no significance, n1=2, n2=2; Veh vs pH=6.8: mean difference = 65.03, 95% CI( -170.2, 300.2), p=>0.6957, ns=no significance. Analyzed by one way ANOVA with Tukey’s multiple comparison test post-hoc, F(3, 4)=1.366; p=0.3732).
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3.5a Live cell imaging
3.5b subcell frac
3.6 Claudin 5 ir is reduced after KCl induced CSD events in tissueC
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[bookmark: _Hlk100006676]3.6a IHCFigure 4: Global unlabeled quantitative proteomics analysis of b.End3 endothelial cells demonstrate convergent effect of independent mechanisms resulting from vehicle, 60 mM KCl, and media buffered to pH=6.8 on expression of TJ and cytoskeletal proteins a) Unbiased hierarchal clustering and principal component analysis (PCA) of the 68 proteins enriched following vehicle treatment compared to 60 mM KCl and acidified pH taken from 3 way ANOVA analysis (α=0.05) of global proteome data illustrate consistency of protein expression between biological samples (n=4 per treatment group) clustering accordingly into vehicle, 60 mM KCl, or pH=6.8 buffered media treatment groups, heat map visualizes individual protein clustering.  b) Venn diagram comparing protein expression enrichment by treatment group, absence of proteins enriched by multiple treatment groups indicates unrelated mechanisms affecting protein expression for each treatment.  c)  Unbiased hierarchal clustering and principal component analysis (PCA) of the 160 proteins enriched following acidified pH treatment compared to 60 mM KCl and vehicle taken from 3-way ANOVA analysis(α=0.05) of global proteome data illustrate consistency of protein expression between biological samples (n=4 per treatment group) clustering accordingly into vehicle, 60 mM KCl, or pH=6.8 buffered media treatment groups, heat map visualizes individual protein clustering.  d)  Plots of TJ proteins CL-5, VE-CAD, ZO-1 and actin maintenance proteins AFAP1, Caza2, and Cap2b showing individual changes in total enrichment post KCl and acidified pH exposure, showing highly variable effects on total enrichment of structural proteins unique to each treatment and protein, indicative of a synergistic mechanism impairing barrier function summed from combined independent effects of each treatment (CL-5: vehicle vs 60 mM KCl; mean difference = 192265; 95% CI (-441412, 825941), p=0.6393, n=4/3: vehicle vs pH=6.8; mean difference = 387221; 95% CI (-246455, 1020898), p=0.2286, n=4/3; F(2, 7)=1.972, p=0.3002: VE-CAD: vehicle vs 60 mM KCl; mean difference = -2479175; 95% CI (-7634858, 2676509), p=0.3617, n=4/3: vehicle vs pH=6.8; mean difference = -4557060; 95% CI (-9379760, 265640), p=0.0946, n=4/3; F(2, 7)=6.836, p=0.0946: ZO-1: vehicle vs 60 mM KCl; mean difference = -8370223; 95% CI (-15234252, -1506194), *p=0.0207, n=4/3: vehicle vs pH=6.8; mean difference = -5625431; 95% CI (-729425, 11980288), p=0.0797, n=4/3; F(2, 8)=1.271, p=0.0020: AFAP1: vehicle vs 60 mM KCl; mean difference = -65938; 95% CI (-192646, 60769) p=0.3147, n=4/3: vehicle vs pH=6.8; mean difference = -209238; 95% CI (-327762, -90714), **p=0.0034, n=4/3; F(2, 7)=58.55, p=0.0047: Caza2: vehicle vs 60 mM KCl; mean difference = 8010441; 95% CI (-6881290, 9139593) ****p= <0.0001, n=3: vehicle vs pH=6.8; mean difference = 2654703; 95% CI (1525552, 3783855), ***p=0.0006, n=3; F(2, 7)=194.7, p= <0.0001: Caz2b: vehicle vs 60 mM KCl; mean difference = 911433; 95% CI (-3489104, 5311970) p=0.8099, n=4/3: vehicle vs pH=6.8; mean difference = 4733908; 95% CI (-19215, 9487031), p=0.0508, n=4/3; F(2, 8)=3.857, p=0.0672. Analyzed by one way ANOVA with Dunnett’s multiple comparison test post-hoc).

	Comment by Erika Liktor: Maybe we make this a microreport?
3.6b
 Serum quantifications (rat and human)
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Figure 5: Global proteome significantly enriched proteins separated by treatment group and visualized with fold enrichment vs -log10 transformed p value scatterplots. Top ten cellular processes and pathways by total fold enrichment for the three GO databases a) BP, b) CC, c) MF and d) KEGG pathway databases represented by individual plots demonstrate upstream convergence of changes in total protein enrichment of cell processes and pathways involved in maintenance of cell structural homeostasis.  n=4 per treatment group.

3.4.3 Global b.End3 phospho-proteomic analysis and bioinformatic analysis identified significant and highly variable enrichment of phosphorylation sites on TJ and cytoskeletal proteins uniquely associated with treatment

Phosphorylation of CL-5 is associated with increased permeability of the BBB, but it is unknown if CSD like conditions induce these post translational modifications (PTMs).  Following treatment with vehicle, KCl, and acidified pH, cells were quantified for total phosphorylation enrichment and amino acid residue enrichment of phosphorylation sites by individual protein.  25,546 total phosphorylation adducts were detected, of which 11,371 were deemed significant by 3-way ANOVA (α=0.05).  When analyzed by treatment group, 237 proteins experienced phosphorylation following vehicle treatment vs KCl and acidic pH (Fig 6A).  1074 proteins underwent phosphorylation enrichment after acidified pH exposure (Fig 6C), and KCl upregulated phosphorylation in 302 proteins (Supplement S3).  Global comparison of proteins experiencing significant phosphorylation enrichment were compared by treatment group, and overlap of total increased phosphorylated proteins was observed between treatments (Fig 6B), however these co targeted proteins were not assessed for specific residue enrichment by treatment group, and when factoring in the total quantity of phosphorylation sites,  the comparison suggests difference between treatments is due to independent mechanisms of phosphorylation enrichment.  Total proteome enrichment was compared to global phosphorylation enrichment to further assess this observation.  Enrichment of both total expression and phosphorylation of proteins involved in structural maintenance pathways co occurred within treatment groups (Fig 6D).  This suggests varied mechanisms of structural maintenance pathway manipulation unique to each treatment.  Functional analysis of phosphorylation enrichment queried through GO and KEGG databases further validate this finding.  Like the findings with total proteome enrichment, each treatment group was found to have a unique effect on functional pathways in each database (Fig 7A-D).  Interestingly, ZO-1 was observed to have a high degree of PTMs across all treatments, and the residues targeted for phosphorylation were highly varied and unique to each treatment (Fig 8 B, D, F).  This would suggest that ZO-1 may be a primary target for PTM regulated control of TJ protein trafficking and localization, as the differential effects observed from each treatment in previous experiments is congruent with the unique peptide phosphorylation enrichment signatures induced by each treatment.  The function of ZO-1 as a link between the actin cytoskeleton and the transmembrane TJ proteins lends further support to the potential of ZO-1 acting as a major regulator of TJ protein trafficking and localization.      

3.4.4 Analysis of phospho-peptide enrichment demonstrates unique enrichment of ZO-1 by treatment group

[bookmark: _Hlk100595911]Proteins were assessed for both total and specific phosphorylation enriched residues on the peptide chains comprising their primary structure.  Highly enriched proteins associated with TJ or cytoskeletal function were separated by treatment group and visualized by scatterplot comparing Log2 transformed FE of phosphorylation against the -Log10 transformation of p-values (Fig 8 A, C, D).  Proteins phosphorylated at residue positions verifiable in Uniprot were then plotted by comparing the -Log2 transformation of their fold enrichment score to each iteration of a unique phosphorylated residue.  Proteins were assessed for fold enrichment of phosphorylation per treatment and plotted by highest overall level of phosphorylation enrichment by treatment. Location of phosphorylated residues are also shown
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Figure 6: Global phospho-proteomic analysis of b.End3 endothelial cells following exposure to 60 mM KCl, acidified media buffered to pH=6.8, and vehicle demonstrates variable phosphorylation enrichment of protein targets unique to each individual treatment, indicative of unique mechanisms of phosphorylation induction identifiable to each individual treatment.  A) Unbiased hierarchal clustering and principal component analysis of the 237 proteins experiencing phosphorylation enrichment following vehicle treatment when compared to KCl and acidified pH treatment, significance assessed by 3-way ANOVA (α=0.05) analysis of global phospho-proteome data illustrating consistent phosphorylation enrichment between each biological sample (n=4 per treatment group) clustering into vehicle, 60 mm KCl, and acidified media treatment groups.  Heat map visualizes individual protein clustering.  B)  Venn diagram comparing total protein phosphorylation enrichment by treatment group, enrichments can be largely identified with a single treatment, small degree of overlap due to large sample pool and ubiquitous nature of peptide phosphorylation.  C)  Unbiased hierarchal clustering and principal component analysis of the 1074 proteins undergoing phosphorylation enrichment post exposure to acidified media compared to KCl and vehicle exposure, significance assessed by 3-way ANOVA (α=0.05) analysis of global phospho-proteome data demonstrating consistent phosphorylation enrichment between biological samples (n=4 per treatment group) with each protein clustering into vehicle, 60 mM KCl, and acidified media treatment groups.  Heat map visualizes clustering of individual proteins.  D) Venn diagram comparing vehicle induced enrichment of total expression and phosphorylation enrichment of tight junction proteins identified in the KEGG pathway bioinformatic database, indicative of tandem alterations to PTM and overall expression of TJ proteins isolated to an individual treatment. 
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Figure 7:  Global phosphorylation enriched proteins separated by treatment group and represented by scatterplots comparing fold enrichment score (FE) against -Log10 transformed p values.  Top ten cellular processes and pathways assessed by total fold enrichment score queried through the three GO databases, a) BP, b) CC, c) MF and d) KEGG pathway database demonstrate highly varied upstream protein PTM modifications unique to each treatment group with convergence of effect observed in proteins associated with maintenance of structural integrity of the cell.  n=4 per treatment group. 
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Figure 8:  Scatterplots of significantly enriched phosphorylated proteins against physiologically associated proteins significantly enriched in phosphorylation following a) vehicle, c) acidified pH, and e) 60 mM KCl insult.  Individual fold change plots of phosphorylation site enrichment, separated by b) vehicle enriched, d) acidified pH enriched, and f) 60 mM KCl enriched phosphorylation, individual dots on these plots correspond to listed verified detected PTM sites.  When separated by treatment group unique patterns of phosphorylation of ZO-1 can be identified by individual treatment, indicating PTM regulated protein trafficking converges on this protein.  Italicized proteins in scatterplots lacking verifiable phosphorylation sites were not included in individual fold change plots.  Individual phosphorylated residues are colored red and superscript indicates position of phosphorylated amino acid, residue sequences marked with an asterisk indicates isobaric phosphorylation sites and were graphed as individual iterations of phosphopeptides enrichment.  g) Venn diagram illustrating overlap of phosphorylation adduct sites on ZO-1 residues by treatment group.

4. Discussion

Increases in local extracellular K+, disruption of ionic gradients for Na+, Cl-, and H+, and flux of ATP and glutamate are reported during multiple neurological diseases and are reported to induce neurovascular decoupling [40-43] to open the BBB [21, 24, 25, 44, 45]. This study has identified that high extracellular concentrations of K+, H+ acidification below pH 7.4, and ATP, but not glutamate, at concentrations reported during CSD events, reduce TEER, and induce paracellular permeability by relocalization through functional alteration to actin cytoskeletal and tight junctional protein complexes in murine brain endothelial cells.  determination of the global and phospho-proteomes identified unique signatures associated with high abluminal K+ as compared to acidic pH suggesting that the functional outcomes of BEB integrity during neurologic diseases reflects dynamic influence of each chemical mediator acting through unrelated physiologic pathways, whose effect is synergized following temporal convergence of each mediator resulting in amplification of deleterious neurologic functional outcomes.
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Consistent with prior reports, we found that high extracellular K+, acidified pH, and ATP reduced TEER and functionally allowed paracellular uptake of small molecules [46-49].  In contrast, glutamate at sub physiological levels and above reported levels for CSD did not change TEER values suggesting it did not contribute to BEB permeability under these conditions. This observation is at odds with prior reports showing that glutamate at supraphysiologic concentrations (>100 uM-10 mM), reduced TEER and increased BBB permeability [50, 51]. Notably, ATP induced rapid changes in TEER but a delayed effect on functional BEB perturbations; these observations were consistent with those of Maeda et al [46]. They propose that ATP acts to increase secretion of matrix metalloproteases, which have been implicated in BBB permeability during headache [52].  Thus, transient permeability of the BBB during CSD as reported is likely attributable to microenvironment levels of K+, pH, and ATP. 
Dysfunction at the BBB is reported as correlated with loss of TJ complex integrity via protein down-regulation, relocalization within the plasma membranes, and phosphorylation, to name a few [14]. Two main classifications of TJ proteins exist: transmembrane proteins such as the Claudins, Occludin, Cadherin, and Junctional Adhesion Molecules (JAMs), and anchoring proteins such as the Zona Occludins (ZOs) family [15]. Previous research shows that Claudin-5 and Occludin expression do not change after KCl induced CSD on isolated microvessels suggestive of a different underlying mechanism than downregulation contributing to permeability [6]. Data from immunofluorescence and biotinylated cell surface isolation analyses indicated that CSD-like concentrations of acidic pH changes induce plasma membrane reorganization of CL-5, but not VE-CAD and ZO-1.  This would indicate the functional role of protein localization on the cell in determining response to acidic pH insult.  No change in CL-5 immunoreactivity was detected qualitatively in extracellular compartments post insult, suggesting trafficking of CL-5 post KCl and acidic pH insult is restricted to membrane and cytosolic compartments, further indicating alteration to protein localization, not expression, may play a role in our functional observations.  Global proteomic analysis showed that pH significantly reduced detection of CL-5 and KCl increased ZO-1 enrichment; VE-CAD expression was unchanged.  In total this data suggests independent functional outcomes on TJ proteins unique to K+ and acidified pH insult, implying separate unrelated mechanisms. 

These proteomic data seem in contrast to our previous report [6], the preparation used (i.e., ex vivo vs in vitro, immortalized cells) and the isolated effects of acidified pH or K+ versus a composite application of both may underscore the differences. Endothelial transcytosis via a caveolin-1 regulated mechanism was reported by Sadeghian et al to contribute to BBB permeability following CSD in an in vivo murine model as opposed to TJ protein relocalization [53].  While the time course of Sadeghian et al mirrored the investigations of Cottier et al [6], the in vitro investigations undertaken here examined a much shorter time course and utilized much smaller permeability markers (14C-sucrose, 4 kDa FIC) as opposed to Evans Blue and exclusive use of 70 kDa FITC.  These differences in methodology may have contributed to the opposing findings contained herein.  Variable detection of F-actin stress fibers following KCl, and acidified pH insult was confirmed in global proteomic analysis.  Expression of actin associated proteins AFAP1 and Caza2 and Cap2b were significantly altered following acidic pH exposure, and KCl heavily downregulated Caza2. Mirroring the treatment dependent functional changes observed at the TJ, differential molecular mechanisms may underlie these changes.  The findings from total proteome analysis following modelled CSD insult indicate a potential major homeostatic disruption to several key structural proteins in endothelial cells, evidenced by significant alteration to enrichment of actin associated proteins AFAP1, Caza2, Capzb, in addition to CL-5 and ZO-1 changes.  The discrete manner by which each specific CSD constituent plays a role in these observations warrants further investigation into a potential PTM mechanisms.

Data from this study demonstrates acidic pH dynamically regulates more proteins and phosphorylation PTMs than KCl in murine brain endothelial cells centered on downregulation of actin reorganization and capping, while upregulating responses to exocyst organization and negative regulation of membrane tubulation.  Phosphorylation of proteins related to adherens junctions reorganization and localization were also down regulated by acidified pH. KCl globally facilitated microtubule formation by down regulating depolymerization at the signaling level by upregulating actin formation pathways.  This treatment dependent effect was further validated by absence of overlap in total protein enrichment between treatments, suggesting changes in brain pH and K+ concentration increase BEB permeability via distinct mechanisms. 

Phosho-proteomic analysis indicated PTMs as a likely mechanism for divergent treatment response, as phosphorylation is a reversable and highly dynamic mechanism of protein regulation. ZO-1, a major linking protein between the cytoskeleton and TJ was significantly enriched in phosphorylated residues specific to each treatment resulting in similar functional outcome.  This functional convergence on ZO-1 from both treatments may also indicate a central regulatory role for ZO-1 in response to CSD like insult, specifically when considering the critical function, it performs maintaining structural homeostasis.  Therefore, similar functional outcomes due to divergent KCl and acidified pH phosphorylation sites on ZO-1 demonstrates a potential mechanism driving protein relocalization and paracellular leak of the BEB.
Discussion 

The CSD phenomenon are associated with the aura phase of migraine and is linked to increases in local extracellular K+, disruption of ionic gradients for Na+, Cl-, and H+, and flux of ATP and glutamate [11].  Specifically, CSD events are reported to induce neurovascular decoupling(Charles & Brennan, 2009; Charles & Baca, 2013; Pietrobon & Moskowitz, 2013, 2014) and open the blood brain barrier (Moskowitz 2017; Gursoy-Ozdemir et al. 2004; Cottier et al. 2018; Gupta 2009; Borgdorff 2018); (Borgdorff, 2018; Karissa E. Cottier et al., 2018; Gupta, 2009; Gursoy-Ozdemir et al., 2004; Moskowitz, 2017)however, the discrete mechanisms underlying this are not well described and the clinical relevance debated(Hougaard et al., 2017).  This study has identified tha thihg extracellular K+, ATP, and pH deviations away from 7.4, but not glutamate, reduce TEER and increase paracellular permeability to small molecules in a manner dependent on tight junction reorganization at the endothelial cell.
KCl

ATP
pH
Glutamate is released during CSD at the wave front(Basarsky et al., 1999; Fabricius et al., 1993). (Blawn et al., 2021; Liktor-Busa et al., 2020; Maeda et al., 2016; Oldendorf et al., 1979) At supraphysiologic concentrations, glutamate is reported to open the BBB(Kuhlmann et al., 2008; Neuhaus et al., 2011).(Maeda et al., 2016)(Fried et al., 2017)  While reported physiologic ranges for glutamate in the CNS vary by nuclei and recording method,(Moussawi et al. 2011; Herman and Jahr 2007) this study sought to clarify the role of glutamate as a driver of BBB dysfunction.  Using concentrations of glutamate projected to occur during CSD (10-100uM) no statistically significant changes in TEER values were observed.  These data suggest that, of the mediators released during CSD(Chen and Ayata 2016; Ayata and Lauritzen 2015; Lauritzen and Strong 2016; Lauritzen et al. 2011), glutamate is unlikely to disrupt paracellular BBB integrity during these events. This study focused on the characteristics of extracellular pH during and after an induced CSD event using TEER and immunofluorescence staining of TJ proteins. 

First, extracellular pH was monitored during the 5 min KCl-induced CSD event. The results showed no significant pH differences in the aCSF and KCl treatments compared to the media treatment. Changes in extracellular pH have been shown to be biphasic. At the onset of CSD, pH is transiently alkalized, followed by a longer period of acidification [13]. The results suggest that, at least in this barrier model, onset of the KCl stimulus does not evoke either of the biphasic changes in extracellular pH within those 5 minutes of the pulse. Dysregulation of pH homeostasis also has important ramifications regarding the integrity of the BBB. Barrier integrity can be measured using TEER to indicate how tightly the TJ proteins are keeping the mouse brain endothelial cells together [6]. Overall, the pH treatments decreased the resistance of the endothelial monolayer as compared to the media treatment. Deviations further from physiological pH caused larger decreases in TEER values, signifying increased permeability. A pH value of 6.8 decreased the resistance the most. Twenty minutes after the 7.0, 7.2, and 7.4 pH pulses, the resistance increased, albeit not to baseline (Figure 3B). These results suggest that the acidification of pH affects the TJs the most. 

Dysfunction at the BBB is usually correlated with alterations to TJs [14]. Two main classifications of TJ proteins exist: transmembrane proteins such as the claudins, occludin, cadherin, and junctional adhesion molecules (JAMs), and peripheral proteins such as the zona occludens family [15]. Previous research shows that claudin-5 and occludin expression do not change after KCl induced CSD, but localization does(K. E. Cottier et al., 2018) [4]. To build upon these findings, I investigated relocalization of TJ proteins claudin-5, VE-cadherin, and PECAM-1 due to dysregulation of pH homeostasis. Claudin-5 is a membrane spanning TJ protein that exists on the outside surface of the cell and regulates the movement of ions and solutes through the paracellular pathway [17]. VE-cadherin (vascular endothelial cadherin) and PECAM-1 (platelet endothelial cell adhesion molecule) are AJ proteins and span the membrane as well, functioning to initiate and stabilize cell-to-cell adhesions [18,17]. I used immunofluorescence techniques to image the proteins before and after extracellular pH treatment. Each of these proteins exist on the outside surface the cell [18], so the staining was expected to appear around the endothelial cells. For all three proteins, the results supported the TEER outcomes. The proteins were reorganized and in some cases, greatly diminished, at pHs above and below physiological pH. The further away from physiological pH, the greater the effect, with a pH of 6.8 changing the TJ formations the most. This explains why TEER readings decreased, as the ability for the TJs to closely regulate and reduce permeability of the barrier was impacted. 
5. Conclusions

Low brain pH and high extracellular K+ during neurological disorders promote BEB/BBB paracellular leak by inducing TJ and actin cytoskeletal reorganization and functional alteration through independent mechanisms.  The elucidation of these molecular mechanisms may be utilized as a “diagnostic fingerprint” specific to a unique pathology, potentially useful as a biomarker.




















































Supplementary Materials: The following supporting information can be downloaded at: www.mdpi.com/xxx/s1, Fig S1: Extracellular quantification of biotinylated CL-5 and VE-CAD post KCl and acidified pH exposure, Table S2: Raw global proteome data, Table S3: raw total phospho-proteome data.   
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With each wave of CSD, ATP is released into the extracellular space at concentrations 100uM and above [16]. The same three TJ proteins were stained after a pulse of 100uM ATP to create a more comprehensive picture of TJ alteration during CSD. VE-cadherin and PECAM-1 structures appeared weakened, much like the results of the pH treatments. Relocalization of claudin-5 still occurred with the ATP treatment, though to a lesser extent. A TEER experiment completed by graduate student Jared Wahl in the Largent-Milnes lab showed that the ATP pulse gradually decreased TEER readings, unlike KCl which causes a sudden drop in endothelial resistance. This may be due to ATP affecting claudin-5 to a lesser extent than KCl (Figure 4B) and pH. 
















References


1.	Hagihara, H., et al., Decreased Brain pH as a Shared Endophenotype of Psychiatric Disorders. Neuropsychopharmacology, 2018. 43(3): p. 459-468.
2.	Decker, Y., et al., Decreased pH in the aging brain and Alzheimer's disease. Neurobiology of Aging, 2021. 101: p. 40-49.
3.	Lauritzen, M., Pathophysiology of the migraine aura. The spreading depression theory. Brain, 1994. 117 ( Pt 1): p. 199-210.
4.	Olsen, T.S., Pathophysiology of the migraine aura: the spreading depression theory. Brain, 1995. 118 ( Pt 1): p. 307-8.
5.	Ayata, C. and M. Lauritzen, Spreading Depression, Spreading Depolarizations, and the Cerebral Vasculature. Physiol Rev, 2015. 95(3): p. 953-93.
6.	Cottier, K.E., et al., Loss of Blood-Brain Barrier Integrity in a KCl-Induced Model of Episodic Headache Enhances CNS Drug Delivery. eNeuro, 2018. 5(4).
7.	Lauritzen, M., et al., Clinical relevance of cortical spreading depression in neurological disorders: migraine, malignant stroke, subarachnoid and intracranial hemorrhage, and traumatic brain injury. J Cereb Blood Flow Metab, 2011. 31(1): p. 17-35.
8.	Mathew, A.A. and R. Panonnummal, Cortical spreading depression: culprits and mechanisms. Exp Brain Res, 2022. 240(3): p. 733-749.
9.	Shabir, O., et al., Assessment of neurovascular coupling and cortical spreading depression in mixed mouse models of atherosclerosis and Alzheimer's disease. Elife, 2022. 11.
10.	Basarsky, T.A., D. Feighan, and B.A. MacVicar, Glutamate release through volume-activated channels during spreading depression. J Neurosci, 1999. 19(15): p. 6439-45.
11.	Fabricius, M., L.H. Jensen, and M. Lauritzen, Microdialysis of interstitial amino acids during spreading depression and anoxic depolarization in rat neocortex. Brain Research, 1993. 612(1): p. 61-69.
12.	Csiba, L., W. Paschen, and G. Mies, Regional changes in tissue pH and glucose content during cortical spreading depression in rat brain. Brain Research, 1985. 336(1): p. 167-170.
13.	Gault, L.M., et al., Changes in energy metabolites, cGMP and intracellular pH during cortical spreading depression. Brain Research, 1994. 641(1): p. 176-180.
14.	Scheller, D., J. Kolb, and F. Tegtmeier, Lactate and pH change in close correlation in the extracellular space of the rat brain during cortical spreading depression. Neuroscience Letters, 1992. 135(1): p. 83-86.
15.	Xiong, Z.Q. and J.L. Stringer, Extracellular pH responses in CA1 and the dentate gyrus during electrical stimulation, seizure discharges, and spreading depression. J Neurophysiol, 2000. 83(6): p. 3519-24.
16.	Ghaemi, A., et al., Astrocyte-mediated inflammation in cortical spreading depression. Cephalalgia, 2018. 38(4): p. 626-638.
17.	van den Maagdenberg, A.M., et al., A Cacna1a knockin migraine mouse model with increased susceptibility to cortical spreading depression. Neuron, 2004. 41(5): p. 701-10.
18.	Zhao, Z., et al., Bacteria elevate extracellular adenosine to exploit host signaling for blood-brain barrier disruption. Virulence, 2020. 11(1): p. 980-994.
19.	Csiba, L., W. Paschen, and G. Mies, Regional changes in tissue pH and glucose content during cortical spreading depression in rat brain. Brain Res, 1985. 336(1): p. 167-70.
20.	Ebner, T.J. and G. Chen, Spreading acidification and depression in the cerebellar cortex. Neuroscientist, 2003. 9(1): p. 37-45.
21.	Cottier, K.E., et al., Loss of Blood-Brain Barrier Integrity in a KCl-Induced Model of Episodic Headache Enhances CNS Drug Delivery. eneuro, 2018.
22.	Dreier, J.P., et al., Delayed ischaemic neurological deficits after subarachnoid haemorrhage are associated with clusters of spreading depolarizations. Brain, 2006. 129(Pt 12): p. 3224-37.
23.	Gao, H.M., et al., Impact of migraine attacks on the blood-brain barrier. Chin Med J (Engl), 2010. 123(18): p. 2559-61.
24.	Gupta, V.K., CSD, BBB and MMP-9 elevations: animal experiments versus clinical phenomena in migraine. Expert Rev Neurother, 2009. 9(11): p. 1595-614.
25.	Gursoy-Ozdemir, Y., et al., Cortical spreading depression activates and upregulates MMP-9. J Clin Invest, 2004. 113(10): p. 1447-55.
26.	Alvarez-Cermeno, J., J.M. Gobernado, and A. Aimeno, Transient blood-brain barrier (BBB) damage in migraine. Headache, 1986. 26(8): p. 437.
27.	Ashina, M., et al., Matrix metalloproteinases during and outside of migraine attacks without aura. Cephalalgia, 2010. 30(3): p. 303-10.
28.	Hawkins, B.T. and T.P. Davis, The blood-brain barrier/neurovascular unit in health and disease. Pharmacol Rev, 2005. 57(2): p. 173-85.
29.	Aänismaa, P., E. Gatlik-Landwojtowicz, and A. Seelig, P-glycoprotein senses its substrates and the lateral membrane packing density: consequences for the catalytic cycle. Biochemistry, 2008. 47(38): p. 10197-207.
30.	Aarseth, P. and J.A. Barstad, Blood-brain barrier permeability in various parts of the central nervous system. Arch Int Pharmacodyn Ther, 1968. 176(2): p. 434-42.
31.	Blasig, I.E., et al., On the self-association potential of transmembrane tight junction proteins. Cell Mol Life Sci, 2006. 63(4): p. 505-14.
32.	Andrew, R.D., Y.T. Hsieh, and C.D. Brisson, Spreading depolarization triggered by elevated potassium is weak or absent in the rodent lower brain. J Cereb Blood Flow Metab, 2017. 37(5): p. 1735-1747.
33.	Helms, H.C., et al., In vitro models of the blood-brain barrier: An overview of commonly used brain endothelial cell culture models and guidelines for their use. J Cereb Blood Flow Metab, 2016. 36(5): p. 862-90.
34.	Kruse, R., et al., Characterization of the CLASP2 Protein Interaction Network Identifies SOGA1 as a Microtubule-Associated Protein. Mol Cell Proteomics, 2017. 16(10): p. 1718-1735.
35.	Tyanova, S. and J. Cox, Perseus: A Bioinformatics Platform for Integrative Analysis of Proteomics Data in Cancer Research. Methods Mol Biol, 2018. 1711: p. 133-148.
36.	Tyanova, S., et al., The Perseus computational platform for comprehensive analysis of (prote)omics data. Nat Methods, 2016. 13(9): p. 731-40.
37.	Colaert, N., et al., Improved visualization of protein consensus sequences by iceLogo. Nat Methods, 2009. 6(11): p. 786-7.
38.	Colaert, N., et al., The Online Protein Processing Resource (TOPPR): a database and analysis platform for protein processing events. Nucleic Acids Res, 2013. 41(Database issue): p. D333-7.
39.	Maddelein, D., et al., The iceLogo web server and SOAP service for determining protein consensus sequences. Nucleic Acids Res, 2015. 43(W1): p. W543-6.
40.	Charles, A.C. and S.M. Baca, Cortical spreading depression and migraine. Nat Rev Neurol, 2013. 9(11): p. 637-44.
41.	Charles, A. and K. Brennan, Cortical spreading depression-new insights and persistent questions. Cephalalgia, 2009. 29(10): p. 1115-24.
42.	Pietrobon, D. and M.A. Moskowitz, Chaos and commotion in the wake of cortical spreading depression and spreading depolarizations. Nat Rev Neurosci, 2014. 15(6): p. 379-93.
43.	Pietrobon, D. and M.A. Moskowitz, Pathophysiology of migraine. Annu Rev Physiol, 2013. 75: p. 365-91.
44.	Moskowitz, M.A., Holes in the leaky migraine blood–brain barrier hypothesis? Brain, 2017. 140(6): p. 1537-1539.
45.	Borgdorff, P., Arguments against the role of cortical spreading depression in migraine. Neurol Res, 2018. 40(3): p. 173-181.
46.	Maeda, T., et al., ATP increases the migration of microglia across the brain endothelial cell monolayer. Bioscience Reports, 2016. 36(2).
47.	Oldendorf, W., L. Braun, and E. Cornford, pH dependence of blood-brain barrier permeability to lactate and nicotine. Stroke, 1979. 10(5): p. 577-81.
48.	Blawn, K.T., et al., Sex hormones regulate NHE1 functional expression and brain endothelial proteome to control paracellular integrity of the blood endothelial barrier. Brain Res, 2021. 1763: p. 147448.
49.	Liktor-Busa, E., et al., Functional NHE1 expression is critical to blood brain barrier integrity and sumatriptan blood to brain uptake. PLOS ONE, 2020. 15(5): p. e0227463.
50.	Kuhlmann, C.R., et al., Fluvastatin prevents glutamate-induced blood-brain-barrier disruption in vitro. Life Sci, 2008. 82(25-26): p. 1281-7.
51.	Neuhaus, W., et al., Effects of NMDA receptor modulators on a blood-brain barrier in vitro model. Brain Res, 2011. 1394: p. 49-61.
52.	Fried, N.T., et al., Region-specific disruption of the blood-brain barrier following repeated inflammatory dural stimulation in a rat model of chronic trigeminal allodynia. Cephalalgia, 2017: p. 333102417703764.
53.	Sadeghian, H., et al., Spreading depolarizations trigger caveolin-1-dependent endothelial transcytosis. Ann Neurol, 2018. 84(3): p. 409-423.



Pharmaceutics 2022, 14, x. https://doi.org/10.3390/xxxxx	www.mdpi.com/journal/pharmaceutics
image1.png
Apical (blood TEER
14C-Sucrose,
4kDa FITC,
70kDa FITC

ACM
KClI (60mM)
pH=6.8

ATP (100uM)
Glutamate (100pM)

Basolateral (brain
(™ bEnd.3 cells




image2.png
Apical (blood TEER
14C-Sucrose,
4kDa FITC,
70kDa FITC

ACM
KClI (60mM)
pH=6.8

ATP (100uM)
Glutamate (100pM)

Basolateral (brain
(™ bEnd.3 cells




image2.tiff
.
.

.

.

.

.

.

I

.
S =

e

I .
i i i | | i
.

.





image4.png
TEER
(% BL + SEM)

120

100

80

60

TEER Screen, CSD Constituents

5 min pulse

* ns

O Media
9 kel 60 mv) M disodium-ATP (100 M)

40

S pH=6.8 <@ Glutamate (100 uM)

1 1 I I 1 1 1

BL 0 10 20 30 60 120
Time (min)





image3.png
Apical (blood) TEER

14C-Sucrose,

4kDa FITC,
70kDa FITC

ACM

KCI (60mM)

pH=6.8

ATP (100pM)
vGIutamate (100uM)

Basolateral (brain)
(C® bEnd.3 cells




image4.tiff
.
.

.

.

.

e

.

.

.

.
. *k
. .
N .
R .
i . i i .

-
.
I




image5.tiff
o

.

.

.

.

.

ceme

.

.
I
I
.




image6.tiff
. .
e

.

.

.

-

-
-
-

.




image7.tiff
. I
e

.

-
-
-
-

.




image8.tiff
o

e

.

.

D

.

.

came

.

.

I
.
I
I




image11.png
Apical (blood) TEER

14C-Sucrose,

4kDa FITC,
70kDa FITC

ACM

KCI (60mM)

pH=6.8

ATP (100pM)
vGIutamate (100uM)

Basolateral (brain)
(C® bEnd.3 cells




image12.png
TEER
(% BL £ SEM)

TEER Screen, CSD Constituents

5 min pulse

1201 . ns
100
*k
#H
80 * K
60 O Media
- kel 6omm) Tl disodium-ATP (100 uM)
SF pH=6.8 @ Glutamate (100 uM)
40 1 1 1 1 1 1 1

BL 0 10 20 30 60 120
Time (min)




image13.png
FITC Fluorescence, 483-530nm (mean +SEM)

70 kDa FITC Efflux by Treatment Group

ns

3x107

2x107

1x107

tatd

Time (min)

Vehicle

ATP 100 uM
pH 6.8

KCI 60 mM




image14.png
14cSucrose Uptake
(%Vehicle + SEM)

160

120

80

40

0-5 Min Post-Pulse

Fekdkk

3 Veh
= ATP 100 uM
= pH6.8ACM

B 60 mM KCI

§§‘ ?g}“ +c>
< N & &\3‘
A > &

¥ Q

Treatment




image15.png
14cSucrose Uptake
(%Vehicle + SEM)

160

120

6-30 Min Post-Pulse

n.s. 3 Veh
Hm ATP 100 uM
3 pH6.8ACM

60 mM KCI

Treatment




image16.png
FITC Fluorescence, 483-530nm (mean + SEM)

4 kDa FITC Efflux by Treatment Group

ns

5%107

4%107

3%x107

2x107

thto

1x107

Time (min)

Vehicle
ATP 100 uM
pH6.8

KCI 60 mM




image9.tiff
D D

I

.

.

.

.

L
-
-
-

I




image18.png
4cSucrose Uptake

(%Vehicle £ SEM)

160

120

80

6-30 Min Post-Pulse

3 Veh

mm ATP 100 uM
=3 pH 6.8 ACM
B 60 mM KCI

Treatment




image10.tiff
. I

.

.
I
-
-
-
-

.
B . &v &@
. .
I

I




image20.png
14cSucrose Uptake

(%Vehicle + SEM)

160

120

80|

40

0-5 Min Post-Pulse

Fekdek

3 Veh

= ATP 100 pM
= 3 pH 6.8 ACM

B 60 mM KCl
40

4 &
L
Treatment




image11.tiff
o

.

.

D

.

.

.

.

.
N
.

R
-
A
R




image17.png
FITC Fluorescence, 483-530nm (mean + SEM)

4 kDa FITC Efflux by Treatment Group

5%107

4x107

3x107

2x107

1x107

ns

Time (min)

-o- Vehicle

= ATP 100 uM
- pH6.8

-~ KCI60 mM




image18.tiff
.

.

.

.

.

. .____./

cems

. .
. - . .
. I -
D Q&\ c@\ . .
.

.

.
.
D
.




image24.png
FITC Fluorescence, 483-530nm (mean +SEM)

70 kDa FITC Efflux by Treatment Group

ns

3x107

2x107

o M

tHEd

T T
& & o &
e POSET RS
oF oF Q&\ c&\ & o8
L

Time (min)

Vehicle

ATP 100 pM
pH 6.8

KCI 60 mM




image19.png
F-Actin

S S > °
EOE G
(w3ss) 4919
o
o
i £ %,
& %
5
S *.
Q.e\
W %
ee
m :zmwt muho
=
£
o
©
o,
@\vo‘
T
P
m 2 %,
%
()
o %
8 %
S %
5 /
= ¥ ™~ - o
(Wass) 4010

/S-10 avo-3A abiay/ undv-4
1$-12/AvI-3A

Claudin 5

2] o~
(W3s¥) 4010

5 Min Pulse

5 Min Pulse

5 Min Pulse

5 Min Pulse




image21.png
Surface VE-Cadherin/a.-tubulin

Non-surface VE-Cadherin/a.-tubulin

(%of naive+SEM)

(%of naivetSEM)

Vehicle pH 6.8 60 mM KCI
Y B o o, = g e T X
et B
o e ot

Cell Surface VE-Cadherin

ns
150
=3 Vehicle
ns ns
1 pH 6.8
100 mm KCI 60 mM
. i i
0 T
e 2> NS
AQ’(‘\O 2 @"Q
+c>
Treatment Group
()
Supernatent VE-Cadherin
150
=3 Veh
ns
= pH6.8
100+ mEa KCIl 60 mM
T
50—
0
& & &
& &
N\
()
&

Treatment Group
(c)

Vehicle pH 6.8 60 mM KCI
P gy [T P = a-Tubulin, 52 kDa
~‘h-¢-- m‘ Qmaumn 5, 23 kDa
Cell Surface Claudin-5
ns
150 .
= 3 Vehicle
2 * ns
2 § =3 pH 6.8
S + 100+ = KCI60 mM
5o
a9
°F%
82 504
€%
a3
0 T
2
@"\0 AN e“s
@ < O
&
Treatment Group
(b)
c Supernatent Claudin-5
S 150
2 = KCl 60 mM
2
35 ns =3 pH 6.8
B W
£ ‘.ﬂ 100 = Veh
g3 T
© 2
° 2
8% 507
£
=]
R
f=
zo 0
RN ®
R Q‘@. &é
o
T 8
(9
NS

Treatment Group
(d)




image22.png
Claudin 5/

>

VE-Cadherin

ZO-1/

Phalloidin/

w EN o

CTCF (+SEM)
N

*
L *
T [[
1

Claudin 5

5 &\5 o
N4 & éb

5 Min Pulse

CTCF (+SEM)

I

w

N

KCI (60mM

5 Min Pulse

I

CTCF (+SEM)
N

VE Cadherin

ns

5 Min Pulse





image23.png




image29.png
Claudin 5/

>

VE-Cadherin

ZO-1/

Phalloidin/

w EN o

CTCF (+SEM)
N

*
L *
T [[
1

Claudin 5

5 &\5 o
N4 & éb

5 Min Pulse

CTCF (+SEM)

I

w

N

KCI (60mM

5 Min Pulse

I

CTCF (+SEM)
N

VE Cadherin

ns

5 Min Pulse





image30.png




image25.png
Significantly Enriched Proteins Following Vehicle Treatment

i I

58

ERE]
§E3%

pli-c8

i
H

wonka
i- (: :

! Q

Vehice

pH-65

__ Vehicke G0mMKa

5 Proteins.

Significantly Enriched Proteins Following pH Treatment

(<)

Conporen1 (685%)

168

s
£
E v
B
% T %

T
Camporent (615%)

_60mMKdL 1168

vebide
155 Proteis

5 Proteins %

Comparison of Significant Increased Global Expression
of Proteins in b.End3 Cells by Treatment Group

)

Total Protein Analyses by Quantitative Proteomics

2000000

1500000

1000000

Claudin-5 (+ SEM)

500000

ol
& @“
&
,‘_O
400000+
3000004
200000+

100000

AFAP1 (£ SEM)

°

o

&

2.

VE-Cadherin (+ SEM)

Caza2 (+SEM)

1.

5x1074 ns s 4x107;
&
2107 4 3107
sx1074 [=] % 4
3 £ 2«07
1x1074 2
8
1%107.
5x1064 °
g
[ R
¢ & & 3
& & &
& & &
+ +
%107 1.5%107
8x105 ] =
3
w o 1x107
g *xx
6x108 g
4x108 2
o 2 sxaoe
2x10°- 3 ©
Exkk
0-=r 0=
® & P K3
& & o
Fet & &
IS «




image26.png
N £ Sianificant | IE .
Significantly Enriched Proteins Following Vehicle Treatment Comparison of Significant Increased Global Expression

of Proteins in b.End3 Cells by Treatment Group
£ -
@ a

@ @
EEZE -
£ shss
H s0mM Kel
! D
T i ¢ 2
Vehicle s0mMKal 8
Significantly Enriched Proteins Following pH Treatment : \d
T ey = B 5 Proteins
272231333
11112 pHe6.8 . -~ .
i NoEe Total Protein Analyses by Quantitative Proteomics
=
commKal
% 2000000 25x10" s < 410 *
g" £ ]
c & 1500000 g 2o o 307
o 14 4
H 4 £ 1sa0r -
H vehicle 2 1000000 N £ 3 2 o
go & 2 . 3
¢ H £ v 3
P g o g s 8 w0
> H
o o L
o R N
& o & ®
B T T 3 R et JEROK,
9 F & <
Component 1 (15%) € ¢ €&
Vehicle 60mMKCI PH-68
= 155 Proteins 400000 ** 1107 1158107
s 86105 =
300000 = 7
H H 3 2 o
e § oaos ik g .
£ 200000 3 by
i § astoe B saoe
£ 100000 I LI . 8§
o oL e o
& o & & &
&8 & & & &3
&t & &





image33.png
N £ Sianificant | IE .
Significantly Enriched Proteins Following Vehicle Treatment Comparison of Significant Increased Global Expression

of Proteins in b.End3 Cells by Treatment Group
£ -
@ a

@ @
EEZE -
£ shss
H s0mM Kel
! D
T i ¢ 2
Vehicle s0mMKal 8
Significantly Enriched Proteins Following pH Treatment : \d
T ey = B 5 Proteins
272231333
11112 pHe6.8 . -~ .
i NoEe Total Protein Analyses by Quantitative Proteomics
=
commKal
% 2000000 25x10" s < 410 *
g" £ ]
c & 1500000 g 2o o 307
o 14 4
H 4 £ 1sa0r -
H vehicle 2 1000000 N £ 3 2 o
go & 2 . 3
¢ H £ v 3
P g o g s 8 w0
> H
o o L
o R N
& o & ®
B T T 3 R et JEROK,
9 F & <
Component 1 (15%) € ¢ €&
Vehicle 60mMKCI PH-68
= 155 Proteins 400000 ** 1107 1158107
s 86105 =
300000 = 7
H H 3 2 o
e § oaos ik g .
£ 200000 3 by
i § astoe B saoe
£ 100000 I LI . 8§
o oL e o
& o & & &
&8 & & & &3
&t & &





image27.png
GO-Biological Processes, Proteome

GO-Cell Compartment, Proteome

Fold Enrichment

10-< 15 Fold Excluded . s « tiched fon ve Ve
<1.5 Fold Excluded Veh Treated Enriched Expression vs pH. oH Treated Enriched Expression vs Veh 7
I Type il Intermediate Filament (182.3) A TRAF2-GSTP Complex (166.9)
° @ Arginine Catabolic Process (174.6) Negative Regulation of Membrane
© @ Celllarresponse to Oxygen Lovels (174.6) Tubulation (236.6) .l B spectin (1823) A NELF Complex (1252)
. Famesyl Diphosphate Biosynthetic
Positive Regulation of Oxidoreductase e
i [ R bewrrivon e A process, Mevalonate Pathwiay (236.6) B Cuticular Plate (126.2) A
Regulation of Exocyst Localizal
| Miochontial TP SymtesCouied 4 fogutonofEroostLoaizaon B FossioAdhres (162 JRE o —
Density Membrane (83.4)
o W Actin Filament Reorganization (87.3) Negative Regulation of Biosynthetic B Newotiament (911) ensity Membrane (83.4)
B Actin Filament Capping (82.7) Process (187.7) o A Postsynapiic Recycling Endosome (83.4)
posile Regulaton of Synapiic Copper lon Export (157.7) [ Vitochondril Respiratory Chin
X Postsynaptic Specializat
o B prasticty (74.8) Ral Protein Signal Transduction N Complex | (70.9) A etiar Component (115)
s (118.3) o
=5 Positive Regulation of Protein neddylation ¢ 2 O Cottical Cytoskeleton (68.3)
> (46) s Neaative Reguiaton of Smooth Muscle > A cderaipatt Complex (62.6)
Cell Chemotasis (94.6) S i
o |°o @ Colular Response to Lead lon (94.6) e “ " oy ens S B Gap Juncton (513) A Clathin Goated Endocytc Vesicle 57.8)
T ositive Regulation of n <
s |e TG 8 ST s o B e 27 A i comte
= Receptor Localization to Synapse ©
g A 4 > 4 O Cortical Actin Cytoskeleton (52.9) A Judaparanode Region of Axon (50.1)
o A Macropinocytosis (33.1) o ° =
Veh Treatment Enriched Expression vs KCI KCl Treatment Enriched Expression vs KCI.
5 o Veh Treated Enriched Expression vs KCI L riched Expression v 13 - @ Melanosome Membrane (82.5) O Perorisome (27.5)
b Unsaturated Monocarboryic Acid & Endoplasmic Reticulum Membrane (6.8
©  Melanosome Assembly (267.2) o Uneaturatod Monocabo @ ER Mitochondrion Membrane Gortactsie 7.4y & 199 Roticuum Mombrane 5.9
©  Endosome to Melanosome Transport (160.3) @ Cytoskeleton (5.7)
b o Saturated Monocarboxyic Acid o O Caveola (330 & Cytosol (53
©  Microtubule Depolymerization (150.3) Metabollc Process (1309.2) ° - ytosol (5.3)
@ Regultion of Microtubule Polymerization or o Very Long Chain Faty Acd Metabolc @ Witochondrial Respiratory Chain Complex (29.0) € Endoplasmic Reticulum (4.8)
Depolymerization (150.3) Process (327.3) O Phagocylic Vesicle Membrane (26.0) < Mitochondrion (4.2)
° :l'engﬁa:;/e Reouiaton of Micraubule POmerzalion. L ong Ghain Faty Add Wetabolc rocess © Respiatory Chain (257) @ Cytoplasm (3.0)
(2909) O N
ucleoplasm (2.9)
o Posiive Regulation of Nitic-Oxide Synthase » Sperm Flagellum (18.1)
T - pron 1 Lot et o @ AcyCoA Metabolc Process (236.0 0 : o o 2o o © M)
Fold Enrichment O Melanosome Organization (100.2) . ('fﬁ‘ﬂ')ve Regulation of Catalytic Activity @ Mitochondrial Membrane (18.2) @ Membrane (2.0)
© Posiive Regulation of ATP Biosyninelic PIOcess o i g metabolic Process (37.4) Fold Enrichment @ Growth Cone (15.8)
(84.4)
Vesicle (13.9)
© Cortical Actin Cytoskeleton Organization (80.2) @ Lipid Metabolic Process (21.0) °
° Positive Regulation of Cell Migration Involved in @ Apoptotic Process (10.0)
‘Sprouting Angiogenesis (76.3)
GO-Molecular Function, Proteome GO-KEGG Pathway, Proteome
Veh Treated Enriched Expression vs pH. oH Treated Enriched Expression vs Veh
< Veh Treated Enriched Expression vs pH. H Treated Enriched Expression vs Veh
@ Heterotimeric G Protein Bindng A Copper Transporting ATPase Actiy 8= <15 Fold Excluded
<1.5 Fold Excluded (1497) 2292) * D Oxidative Phosphoryiation (20.7) A Wineral Absorption (15.2)
[ GP! Linked Ephin Receptor Act A Hodionmethyightary-Con Syntase B Nucleotide Excision Repair (18.9) A Valine, Leuchne, and isoleucine
© (1497 Actviy (229.2) B Retrograde Endocannabinoid (18.8) Degradation (14.4)
< o ﬁ:\‘gz’:“i;ﬂ;?”\ﬂ'v'w Acting on A s-Nitrosoglutathione Binding (229.2) m o Non Alcoholic Fatty Liver Disease A inositol Phosphate Metabolism (11.1)
Tra":":e"im"e’E i Reconter Actt A Dinivosyl Iron Complex Binding (91.7) (181) A Lysosome (103)
Activity (76.4) 4 iabetic Cardiomyopathy (13.2)
NADH Dehydrogenase (Ubiauinone) A Renal Cell Carcinoma (8.7)
e B oty @05 A Ubiquitin Like Protein Binding (76.4) -] O Chemical Carcinogenesis ROS (12.6)
iy (80.6) Y=l B Themogenssis (12.0) A Bacterial Invasion of Epithelial Cells 8.1)
< [ NADH Dehydrogenase Activity (74.9) Structural Constituent of Postsynaptic
= A Densiy 6525) * O Prion Disease (12.0) A saimonella Infection (8.0)
=) 5] @ © Protei Beta/Gam Subuni Complex ~
> ° Binding (38.8) A Cathvin Heavy Chain Binding (57.3) s (B B Amyotrophic Lateral Sclerosis (10.9) A Synaplic Vesicle Cycle (7.8)
2 A4 [ E¥trscelular Mair Stuctural Constiuent A, Caton Transporing ATPase Actvy (36.2) 2 A Chemical Carcinogenesis-DNA Adducts (7.2)
v 4 Conferting Tensie Strength (27.6) Phosphatidyinosito 3 Kinase Reguiatory Z,]A
(% o O spectrin Binding (30.8) A gupunt Binding (32.7) o 41
3
> 3
a A > Veh Treated Enriched Expression vs KCI KCI Treated Enriched Expression vs Veh
Veh Treated Eniched Expression ve KC! KCI Treated Enriched Expression vs Gl o
@ Apoptosis Multiple Species (43.3) @ Fatly Acid Elongation (205.4)
] @ BLOC-2 Complex Binding (748.6) < Thiolester Hydrolase Activiy (407.5)
Y A O Mitophagy Animal (20.7) & Blosynthesis of Unsaturated Fatty
2 A © @ AP-3 Adaptor Complex Binding (499.0) @ Myristoyh-CoA Hycrolase Activiy (366.8) © Fluid Shoar Stress and Atherosclerosis (14.1) Acids (175.2)
=] ©  AP-1 Adaptor Complex Binding (299.4) & Acyl-CoA Hydrolase Activity (305.7) 2 @ Focal Adhesion (105) @ Ovarian Stteroidogenesis (94.6)
©  GTP Dependant Protein Binding (57.6) @ Paimitoyl-CoA Hydrolase Activity (289.6) © MAPK Signalling Pathway (9.7) @ Glycerolipid Metabolism (48.0)
©  spectrin Binding (44.0) O Carboxylic Ester Hydrolase Activity (97.8) © Chemical Carcinogenssis ROS (9.5) < Glycerophospholipid Metabolism (30.1)
© Cyloskeletal Protein Binding (38.9) & Enzyme Inhibitor Actiity (87.3) O Ras Signaling Pathwiay (9.2) @ Metabolic Pathwiays (9.2)
@ Tubudin Binding (32.1) & Transferase Actwity (5.2) © Parkinson Disease (6.1)
0 r r r y O Protein Kinase C Binding (23.0) O Hydrolase Activity (4.5) @  PI3K-Akt Signalling Pathway (7.8)
0 200 400 600 800 @ Stuctural Constituent of Cytoskeleton (22.0) ¢y petal fon Binding (3.1) 0 r r T r 1 @ Amyotrophic Lateral Sclerosis (7.7)
Fold Enrichment @ Chaperone Bndng 19.2) @ Froton Binaing 2.4 0 50 100 150 200 250




image28.png
GO-Biological Processes, Proteome

GO-Cell Compartment, Proteome

Fold Enrichment

10-< 15 Fold Excluded . s « tiched fon ve Ve
<1.5 Fold Excluded Veh Treated Enriched Expression vs pH. oH Treated Enriched Expression vs Veh 7
I Type il Intermediate Filament (182.3) A TRAF2-GSTP Complex (166.9)
° @ Arginine Catabolic Process (174.6) Negative Regulation of Membrane
© @ Celllarresponse to Oxygen Lovels (174.6) Tubulation (236.6) .l B spectin (1823) A NELF Complex (1252)
. Famesyl Diphosphate Biosynthetic
Positive Regulation of Oxidoreductase e
i [ R bewrrivon e A process, Mevalonate Pathwiay (236.6) B Cuticular Plate (126.2) A
Regulation of Exocyst Localizal
| Miochontial TP SymtesCouied 4 fogutonofEroostLoaizaon B FossioAdhres (162 JRE o —
Density Membrane (83.4)
o W Actin Filament Reorganization (87.3) Negative Regulation of Biosynthetic B Newotiament (911) ensity Membrane (83.4)
B Actin Filament Capping (82.7) Process (187.7) o A Postsynapiic Recycling Endosome (83.4)
posile Regulaton of Synapiic Copper lon Export (157.7) [ Vitochondril Respiratory Chin
X Postsynaptic Specializat
o B prasticty (74.8) Ral Protein Signal Transduction N Complex | (70.9) A etiar Component (115)
s (118.3) o
=5 Positive Regulation of Protein neddylation ¢ 2 O Cottical Cytoskeleton (68.3)
> (46) s Neaative Reguiaton of Smooth Muscle > A cderaipatt Complex (62.6)
Cell Chemotasis (94.6) S i
o |°o @ Colular Response to Lead lon (94.6) e “ " oy ens S B Gap Juncton (513) A Clathin Goated Endocytc Vesicle 57.8)
T ositive Regulation of n <
s |e TG 8 ST s o B e 27 A i comte
= Receptor Localization to Synapse ©
g A 4 > 4 O Cortical Actin Cytoskeleton (52.9) A Judaparanode Region of Axon (50.1)
o A Macropinocytosis (33.1) o ° =
Veh Treatment Enriched Expression vs KCI KCl Treatment Enriched Expression vs KCI.
5 o Veh Treated Enriched Expression vs KCI L riched Expression v 13 - @ Melanosome Membrane (82.5) O Perorisome (27.5)
b Unsaturated Monocarboryic Acid & Endoplasmic Reticulum Membrane (6.8
©  Melanosome Assembly (267.2) o Uneaturatod Monocabo @ ER Mitochondrion Membrane Gortactsie 7.4y & 199 Roticuum Mombrane 5.9
©  Endosome to Melanosome Transport (160.3) @ Cytoskeleton (5.7)
b o Saturated Monocarboxyic Acid o O Caveola (330 & Cytosol (53
©  Microtubule Depolymerization (150.3) Metabollc Process (1309.2) ° - ytosol (5.3)
@ Regultion of Microtubule Polymerization or o Very Long Chain Faty Acd Metabolc @ Witochondrial Respiratory Chain Complex (29.0) € Endoplasmic Reticulum (4.8)
Depolymerization (150.3) Process (327.3) O Phagocylic Vesicle Membrane (26.0) < Mitochondrion (4.2)
° :l'engﬁa:;/e Reouiaton of Micraubule POmerzalion. L ong Ghain Faty Add Wetabolc rocess © Respiatory Chain (257) @ Cytoplasm (3.0)
(2909) O N
ucleoplasm (2.9)
o Posiive Regulation of Nitic-Oxide Synthase » Sperm Flagellum (18.1)
T - pron 1 Lot et o @ AcyCoA Metabolc Process (236.0 0 : o o 2o o © M)
Fold Enrichment O Melanosome Organization (100.2) . ('fﬁ‘ﬂ')ve Regulation of Catalytic Activity @ Mitochondrial Membrane (18.2) @ Membrane (2.0)
© Posiive Regulation of ATP Biosyninelic PIOcess o i g metabolic Process (37.4) Fold Enrichment @ Growth Cone (15.8)
(84.4)
Vesicle (13.9)
© Cortical Actin Cytoskeleton Organization (80.2) @ Lipid Metabolic Process (21.0) °
° Positive Regulation of Cell Migration Involved in @ Apoptotic Process (10.0)
‘Sprouting Angiogenesis (76.3)
GO-Molecular Function, Proteome GO-KEGG Pathway, Proteome
Veh Treated Enriched Expression vs pH. oH Treated Enriched Expression vs Veh
< Veh Treated Enriched Expression vs pH. H Treated Enriched Expression vs Veh
@ Heterotimeric G Protein Bindng A Copper Transporting ATPase Actiy 8= <15 Fold Excluded
<1.5 Fold Excluded (1497) 2292) * D Oxidative Phosphoryiation (20.7) A Wineral Absorption (15.2)
[ GP! Linked Ephin Receptor Act A Hodionmethyightary-Con Syntase B Nucleotide Excision Repair (18.9) A Valine, Leuchne, and isoleucine
© (1497 Actviy (229.2) B Retrograde Endocannabinoid (18.8) Degradation (14.4)
< o ﬁ:\‘gz’:“i;ﬂ;?”\ﬂ'v'w Acting on A s-Nitrosoglutathione Binding (229.2) m o Non Alcoholic Fatty Liver Disease A inositol Phosphate Metabolism (11.1)
Tra":":e"im"e’E i Reconter Actt A Dinivosyl Iron Complex Binding (91.7) (181) A Lysosome (103)
Activity (76.4) 4 iabetic Cardiomyopathy (13.2)
NADH Dehydrogenase (Ubiauinone) A Renal Cell Carcinoma (8.7)
e B oty @05 A Ubiquitin Like Protein Binding (76.4) -] O Chemical Carcinogenesis ROS (12.6)
iy (80.6) Y=l B Themogenssis (12.0) A Bacterial Invasion of Epithelial Cells 8.1)
< [ NADH Dehydrogenase Activity (74.9) Structural Constituent of Postsynaptic
= A Densiy 6525) * O Prion Disease (12.0) A saimonella Infection (8.0)
=) 5] @ © Protei Beta/Gam Subuni Complex ~
> ° Binding (38.8) A Cathvin Heavy Chain Binding (57.3) s (B B Amyotrophic Lateral Sclerosis (10.9) A Synaplic Vesicle Cycle (7.8)
2 A4 [ E¥trscelular Mair Stuctural Constiuent A, Caton Transporing ATPase Actvy (36.2) 2 A Chemical Carcinogenesis-DNA Adducts (7.2)
v 4 Conferting Tensie Strength (27.6) Phosphatidyinosito 3 Kinase Reguiatory Z,]A
(% o O spectrin Binding (30.8) A gupunt Binding (32.7) o 41
3
> 3
a A > Veh Treated Enriched Expression vs KCI KCI Treated Enriched Expression vs Veh
Veh Treated Eniched Expression ve KC! KCI Treated Enriched Expression vs Gl o
@ Apoptosis Multiple Species (43.3) @ Fatly Acid Elongation (205.4)
] @ BLOC-2 Complex Binding (748.6) < Thiolester Hydrolase Activiy (407.5)
Y A O Mitophagy Animal (20.7) & Blosynthesis of Unsaturated Fatty
2 A © @ AP-3 Adaptor Complex Binding (499.0) @ Myristoyh-CoA Hycrolase Activiy (366.8) © Fluid Shoar Stress and Atherosclerosis (14.1) Acids (175.2)
=] ©  AP-1 Adaptor Complex Binding (299.4) & Acyl-CoA Hydrolase Activity (305.7) 2 @ Focal Adhesion (105) @ Ovarian Stteroidogenesis (94.6)
©  GTP Dependant Protein Binding (57.6) @ Paimitoyl-CoA Hydrolase Activity (289.6) © MAPK Signalling Pathway (9.7) @ Glycerolipid Metabolism (48.0)
©  spectrin Binding (44.0) O Carboxylic Ester Hydrolase Activity (97.8) © Chemical Carcinogenssis ROS (9.5) < Glycerophospholipid Metabolism (30.1)
© Cyloskeletal Protein Binding (38.9) & Enzyme Inhibitor Actiity (87.3) O Ras Signaling Pathwiay (9.2) @ Metabolic Pathwiays (9.2)
@ Tubudin Binding (32.1) & Transferase Actwity (5.2) © Parkinson Disease (6.1)
0 r r r y O Protein Kinase C Binding (23.0) O Hydrolase Activity (4.5) @  PI3K-Akt Signalling Pathway (7.8)
0 200 400 600 800 @ Stuctural Constituent of Cytoskeleton (22.0) ¢y petal fon Binding (3.1) 0 r r T r 1 @ Amyotrophic Lateral Sclerosis (7.7)
Fold Enrichment @ Chaperone Bndng 19.2) @ Froton Binaing 2.4 0 50 100 150 200 250




image29.tiff
R

.

.

.

-
>

K

Mehl[&aledjnmh&d.ExptessnnJ&pHrﬂleeat&dEnmhﬁd.Expmssmxsﬁh

.

.
.

.
.

.
.

e
.

.
.

.
.

.
.
.

. )

5('30 10'00
.

F
[

&}I.GOG) .
.
I

.
.
.
.
R
.
.
.
.
R
.
.
B
.
.
.

a

>

.
.

.
.
I
.
.
.
.
.
.
I

E
[
.
.

.
.

.

. e - )

.
E

.
E

E
.

.
.

.
I

I
.

.
.

.
.




image37.png
p Value (-log 10)

GO-Biological Processes,

b.End3 Total Proteome

1.5 Fold Excluded

<o
<&

*

Mehl[&aledjnmh&d.ExptessnnJ&pHrﬂleeat&dEnmhﬁd.Expmssmxsﬁh

O B e O @

Arginine Catabolic Process (174.6)

Cellular response to Oxygen
Levels (174.6)

Positive Regulation of
Oxidoreductase Activity (116.4)

Mitochondrial ATP Synthesis
Coupled Electron Transport (87.3)

Actin Filament Reorganization (87.3)
Actin Filament Capping (82.7)

Positive Regulation of Synaptic
Plasticity (74.8)

Positive Regulation of Protein
neddylation (94.6)

Cellular Response to Lead lon (94.6)
Positive Regulation of Fibroblast
Growth Factor Production (94.6)

) '

5('30 10'00
Fold Enrichment

Melanosome Assembly (267.2)
Endosome to Melanosome Transport

&}I.GOG) -
icrotubule Depolymerization
(150.3)

Regulation of Microtubule
Polymerization or Depolymerization
(150.3)

Negative Regulation of Microtubule
Polymerization (106.9)

Positive Regulation of Nitric-Oxide
Synthase Biosynthetic Process
(104.5)

Melanosome Organization (100.2)
Positive Regulation of ATP
Biosynthetic Process (84.4)
Cortical Actin Cytoskeleton
Organization (80.2)

Positive Regulation of Cell Migration
Involved in Sprouting Angiogenesis
(76.3)

A

>

Negative Regulation of Membrane
Tubulation (236.6)

Farnesyl Diphosphate Biosynthetic
Process, Mevalonate Pathway
(236.6)

Regulation of Exocyst Localization
(157.7)

Negative Regulation of Biosynthetic
Process (157.7)

Copper lon Export (157.7)

Ral Protein Signal Transduction
(118.3)

Negative Regulation of Smooth
Muscle Cell Chemotaxis (94.6)
Positive Regulation of mMRNA 3' End
Processing (38.6)

Receptor Localization to Synapse
(34.8)

Macropinocytosis (33.1)

CLT, Enri E !

Unsaturated Monocarboxylic Acid
Metabolic Process (1309.2)

Saturated Monocarboxylic Acid
Metabolic Process (1309.2)

Very Long Chain Fatty Acid
Metabolic Process (327.3)

Long Chain Fatty Acid Metabolic
Process (290.9)

Acyl-CoA Metabolic Process
(238.0)

Negative Regulation of Catalytic
Activity (151.1)

Fatty Acid Metabolic Process
(37.4)

Lipid Metabolic Process (21.0)
Apoptotic Process (10.0)




image30.tiff
.

.

2_

.
.

I

P

I
I

e
.
R
.

N
.

.
.
R

.
.

.

B .

- - -
. .
.

-
.

E

.
.

.

.
.

.
.
R
.
.

.

N s - .
.
e

.
I
.
.
.
.
R
.
.
.
.
.
I
.
N E
.

>

S

>

L S o

.
.

.
.

e
I
.
B
.
.
e
.

e e e e




image39.png
p Value (-log 10)

104

2_

GO-Cell Compartment,
b.End3 Total Proteome

< 1.5 Fold Excluded

gt

ONEOD B EO0EE O

Type lll Intermediate Filament
(182.3)

Spectrin (182.3)
Cuticular Plate (126.2)
Fascia Adherens (126.2)
Neurofilament (91.1)

Mitochondrial Respiratory
Chain Complex | (70.9)

Cortical Cytoskeleton (68.3)
Gap Junction (51.3)
Respiratory Chain (62.7)

Cortical Actin Cytoskeleton
(52.9)

Veh Treated Enriched Expression vs KCI

0C0@000 @ O @ O

T T
50 100 150

Fold Enrichment

1
200

Melanosome Membrane (82.5)
ER-Mitochondrion Membrane Contact
Site (78.4)

Caveola (33.0)

Mitochondrial Respiratory Chain
Complex (29.0)

Phagocytic Vesicle Membrane (28.0)
Respiratory Chain (25.7)

Sperm Flagellum (19.1)
Mitochondrial Membrane (18.2)
Growth Cone (15.8)

Vesicle (13.9)

T Enri E .
TRAF2-GSTP Complex (166.9)
NELF Complex (125.2)

Postsynaptic Endocytic Zone

Membrane (100.1)

Anchored Component of

Postsynaptic Density Membrane

(83.4)

Postsynaptic Recycling

Endosome (83.4)

Postsynaptic Specialization,

Intracellular Component

(71.5)

Cdc73/Paf1 Complex (62.6)

Clathrin Coated Endocytic

Vesicle (57.8)

WASH Complex (50.1)

A Juxtaparanode Region of Axon
(50.1)

> > > D>D>

> > > b

KClI Treated Enriched Expression vs Veh
<& Peroxisome (27.5)

Endoplasmic Reticulum
Membrane (6.8)

Cytoskeleton (5.7)

Cytosol (5.3)

Endoplasmic Reticulum (4.8)
Mitochondrion (4.2)
Cytoplasm (3.0)
Nucleoplasm (2.9)

Nucleas (2.1)

Membrane (2.0)

L KRR R R R 4




image31.tiff
.

N
[

s
.
.
-
.
-
d
L]
-
.
.
L]
A
¢ . . N
e m *
B . . . .
. . . . .

.

.
M [
I

.
N
R
[
.
.
.
.
.
.
.
.
E

.
.

R

.
®
° I

I
° .
I
° I
.
o
° .
.

e

L]

L]

I

.
e
.

.

N .

N

.
.
.
I
R
.
N
N
.
.
.
.
.
.
I
.

.
.

.
.
.

R
.

.
I

.
I

.
.

.
.
.
.
.

L S S S S

R IR R A e




image41.png
p Value (-log 10)

GO-Molecular Function,
b.End3 Total Proteome

8-
<1.5 Fold Excluded
<o

<

6
L4
<o
4
® (¢]
2 a°
0 T T T 1
0 200 400 600 800

Fold Enrichment

Veh Treated Enriched Expression vs pH

HE OB B O B

Heterotrimeric G Protein Binding
(149.7)

GPI Linked Ephrin Receptor
Activity (149.7)
Oxidoreductase Activity,
Acting on NAD(P)H (142.7)
Transmembrane Ephrin
Receptor Activity (80.6)
NADH Dehydrogenase
(Ubiquinone) Activity (80.6)
NADH Dehydrogenase
Activity (74.9)

G Protein Beta/Gamm Subunit
Complex Binding (38.8)
Extracellular Matrix Structural

Constituent Conferring Tensile
Strength (27.6)

Spectrin Binding (30.8)

Veh Treated Enriched Expression vs KCI

(&)
[ ]
e}
o
o
o
©
o
(6]

BLOC-2 Complex Binding (748.6)
AP-3 Adaptor Complex Binding
(499.0)

AP-1 Adaptor Complex Binding
(299.4)

GTP Dependant Protein Binding
(57.6)

Spectrin Binding (44.0)

Cytoskeletal Protein Binding
(38.9)

Tubulin Binding (32.1)
Protein Kinase C Binding (23.0)

Structural Constituent of
Cytoskeleton (22.0)
Chaperone Binding (19.2)

pH Treated Enriched Expression vs Veh

A

> > > B> > > > >

>

Copper Transporting ATPase
Activity (229.2)
Hydroxymethylglutaryl-CoA
Synthase Activity (229.2)
S-Nitrosoglutathione Binding
(229.2)

Dinitrosyl Iron Complex
Binding (91.7)

Copper lon Transmembrane
Transporter Activity (76.4)
Ubiquitin Like Protein
Binding (76.4)

Structural Constituent of
Postsynaptic Density (62.5)
Clathrin Heavy Chain
Binding (57.3)

Cation Transporting ATPase
Activity (36.2)
Phosphatidylinositol 3 Kinase
Regulatory Subunit Binding
(32.7)

KClI Treated Enriched Expression vs KCI

V@O0 G6O O O O o O

Thiolester Hydrolase Activity (407.5)

Myristoyl-CoA Hydrolase
Activity (366.8)

Acyl-CoA Hydrolase Activity
(305.7)

Palmitoyl-CoA Hydrolase Activity
(289.6)

Carboxylic Ester Hydrolase Activity
(97.8)

Enzyme Inhibitor Activity (87.3)
Transferase Activity (5.2)
Hydrolase Activity (4.5)

Metal lon Binding (3.1)

Protein Binding (2.4)




image32.tiff
.

.
I Pathway, M [ .

. i i
. . . N
. - u%clg)otlde . A
. . N I(r;c;s;t;)l R
e i
. . R
- = . A
- A
- R N .
. .
m n . A
. A
¢+ = .
- = . = .
l n .
' .
N o
. e .o
e - .
- P .
. . .
® K
e N I
. . I
. .o
‘ e
‘ e
. . .
° e
g
i,
_. B B B B
B . . . .

.




image43.png
p Value (-log 10)

Veh Treated Enriched Expression vs pH pH Treated Enriched Expression vs Veh
GO-KEGG Pathway, o Oxidative Phosphorylation A Mineral Absorption (15.2)

(20.7) . .
. - ) Valine, Leucine, and
b.End3 Total Proteome - u%clg)otlde Excision Repair A |soleucine Degradation (14.4)
- Retrograde A I(r;c;s;t)ol Phosphate Metabolism
Endocannabinoid (18.8) i
8- <15 Fold Excluded Non Alcoholic Fatty Liver Disease A Lysgsome (10.3) )
S o (18.1) A Platinum Drug Resistance (9.8)
W Parkinson Disease (13.7) A Renal Cell Carcinoma (8.7)
o Diabetic A Bacterial Invasion of Epithelial
Cardiomyopathy (13.2) Cells (8.1)
| o Chemical Carcinogenesis A Salmonella Infection (8.0)
2 ynaptic Vesicle Cycle (7.
ROS (12.6) A S ic Vesicle Cycle (7.8
¢ B Thermogenesis (12.0) A Chemical Carcinogenesis-DNA
6 o < O Prion Disease (12.0) Adducts (7.2)
! = Amyotrophic Lateral
F Sclerosis (10.9)
¢ Veh Treated Enriched Expression vs KCI KCI Treated Enriched Expression vs Veh
. @ Apoptosis Multiple Species (43.3) ¢ Fatty Acid Elongation (205.4)
O Mitophagy Animal (20.7) Py Biosynthesis of Unsaturated
A o Fluid Shear Stress and Fatty Acids (175.2)
44 Atherosclerosis (14.1) @ Ovarian Stteroidogenesis (94.6)
@ Focal Adhesion (10.5) € Glycerolipid Metabolism (48.0)
O MAPK Signalling Pathway (9.7) o Glycerophospholipid Metabolism
o Chemical Carcinogenesis (30.1)
ROS (9.5) ¥ Metabolic Pathways (9.2)
A O Ras Signalling Pathway (9.2)
‘ © Parkinson Disease (8.1)
21 [ ] @ PI3K-Akt Signalling Pathway (7.8)
© @ Amyotrophic Lateral Sclerosis (7.7)
(o4
g .
_. T T T T
0 50 100 150 200

Fold Enrichment




image34.png
Protein Phosphorylation Enrichment Following Vehicle Treatment

Vehicle
oHE63 60 mM KCl
" R S—— K LI
pH=6.8 60 mM KCI Vehicle
237 Total roteins A A A
A\

(@

Protein Phosphorylation Enrichment Following pH Treatment

Global Comparison of Significant Alteration of Global Protein
Phosphorylation in b.End3 Cells by Treatment Group

®)

Global Proteome Enrichment vs Global Phosphorylation Enrichment of

KEGG Pathway Tight Junction Proteins Following Vehicle Treatment vs pH

H
3% vehice
H 60mM Kl
1D Q)
% % % 7 %
em—)
pH=6.8 60 mM KCI Vehicle

1074Total Proteins

(@)




image35.png
Protein Phosphorylation Enrichment Following Vehicle Treatment

Vehicl!
£ e s0mMKal
i,
pH=6.8 60 mM kel Vehicle
237 Total Proteins A A A

Protein Phosphorylation Enrichment Following pH Treatment

I

Vehicle

Q 60 mM Kcl
% ] by 7 1
Canponn’ 194

pH=6.8 60 mM Kcl Vehicle

1074Total Proteins

Global Comparison of Significant Alteration of Global Protein
Phosphorylation in b.End3 Cells by Treatment Group

Global Proteome Enrichment vs Global Phosphorylation Enrichment of
KEGG Pathway Tight Junction Proteins Following Vehicle Treatment vs pH





image46.png
Protein Phosphorylation Enrichment Following Vehicle Treatment

Vehicl!
£ e s0mMKal
i,
pH=6.8 60 mM kel Vehicle
237 Total Proteins A A A

Protein Phosphorylation Enrichment Following pH Treatment

I

Vehicle

Q 60 mM Kcl
% ] by 7 1
Canponn’ 194

pH=6.8 60 mM Kcl Vehicle

1074Total Proteins

Global Comparison of Significant Alteration of Global Protein
Phosphorylation in b.End3 Cells by Treatment Group

Global Proteome Enrichment vs Global Phosphorylation Enrichment of
KEGG Pathway Tight Junction Proteins Following Vehicle Treatment vs pH





image36.png
GO-Biological Processes,
Phospho Proteome

<15 Fold Excluded
34
A
=2
3 |8
3 o
g 4
a2 o
°
]
1
0 100 200 300 400
Fold Enrichment
GO-Molecular Function,
Phospho Proteome
47 <15 Fo Bxoed
i
]
o
3
o &
A
°
2o
‘ °
o
§ 5"
a
L
0 50 100

Fold Enrichment

Van Tested Enviched Exoresion s it o Trested Eniched Exgression va Ve
[ fopisient s e Tensis A estn indusing Signling Gomiex Assemsly (40.0)
[ Feguiston of e Force ofHeart Contracion A 40 novo' CTP Biosynthetio Process (40.0)
:’ f""’:"‘f“’:“ “‘“;‘: A Reguiation of Cellar Respense to Drug (40.0)
B ncion 749) A Reguiston of Exoost Localzaton (490)
Negatv Reguaton ofCelular Companent
s Regi e A Teomerase Holoenzyme Complex Assembly (300)
[ e Reguistonr rteinLocalzaton A Reguiaton of Neurologica System Process (28.7)
o Naciean (625)
B Arerens soncton Matenance (25) A Reguiton of Protin Losaization to Crromatin (257)
Gotuar Response to lavage in 752 Between 5.65 rRNA and
O perocasas) A LSURIA f Trcstonis RUA Transerst
Poste Regulston of Pepidyl Tyrosine (SSURNA, 53 RNA, LSURNA) @287}
B eprosnjton (635) Negative Regulatn of ysiod auicate
B Fstone Ha-27 Trmetnylaton (46.6) Oiferentaton (287)
[ fentectonto sl Tant A Reguision of ymphacyt Migraton 26.7)
joh Tresed Enviched Exprassion vs KCI KOl Trested Eorched Expression v Kl
@ Resuiatn ot Forcnof Hear Contiaction 7 Positve Reguatn o Cel Cl Adhesin
Chameal Signal (333.4) Vodated by Cachern (74.5)
@ [ stoome s sk O Actin Filament Bundie Assamaly (226)
o eiosmen Reguiton of icrtuoul Plymerzstan
O Kerstnosye Devsopment 75) o By
Posiie Reguiaton o Long Torm eutonal
Synaptic Plastaly (74.1) © Actn Flament Network Formation (459)
© Piasma ombrane Tubuiaten (71.4) ¢ Psiive Regultin o Padesome
@ Nesatve Reguiston f otassum on Assembly (428)
Transmambrane Transsart(50.8) Reguistan of Pestsynaptc Speciaizston
@ Actn Crossink Formaton (47.6) O Membrane Neroransmiter Receptor Levels
O Fbroviat Mgraton (36.2) 1)
O Wound Healing, Sreading of Cells (36.2) @ Negative Reguiation of Ctaiytic Activty (34.4)
Negatvereguiation o Vascuiar Permestity Posiive Reguiaen of Mertubule
0 w2 @ boymerzaten (308)
O Wisotubuls Nuseaton 205)
Posiive Regulation o Sprauing
O ngiogenesi 245
i Trssted Eovoned £ " i Tried Envichad £ s
B RNA Strand Annesing Actwiy (75.7) A TP Binding (35.4)
B Chroms Shadow Demain Binding (55.9) A CTP Synthase Activty (38.4)
I Tatproten Biing (56.) A T Tanatplon FecrSndng
B G Quadrupiex RNA Sinding (39.2) A UT Bindng 288)
B Telomerase RNA Binding (31.2) A Krueppel Asscciated Box Domain (25.6)
O Ribosoma Small Subunt Binding (26.4) A Sufonyurea Receptor Bindng (25.6)
B Vinculn Binding (27.2) A Siustrsl Consttvent of oistsynaptc
Specilzation (25.6)
B Proten Kinase C Activty (22.1)
e Domsant et oase € A Adenyiate Cyciase Activator Actity (23.0)
[= Rbwimia A Prosphatase Actvator Activy (14.4)
Niic Oxide Synthase Reguisor Actvy
A Gz
i Treated Eavichad £ o ! Treated Ervicned Eupression vs Veh
© (RNA Primary Transerpt Binding (124.5) & Gamma Catenin Binding (39.5)
O Fiamin Binding (36.0) ©  Wicrotubule Plus End Binding (20.6)
@ Nitrc-Oxide Syntnase Binding (28.3) @63 Linked Polyubiquiin Bindng (24.7)
@ Protein Kinase A Binding (23.1) O Gl Adnesion Mol Bincing (11.4)
© Rectr Snaing Compies SO ACY @ Gaimeuin snaing 7.9
@ Actn Monomer Binding (23.1) @ hetn Binde (0.1)
© A S-0TH g 216) @ Wcrtubula Binding (52)
© GTPase Bindng 212) @ Actn Flament Binding (52)
@ Phosonatdyiserne Binding (12.5) @ Proten G Torminus Binding (50)
@ 53 DomainBindng (117) @ Proten Kinase Binding (3.2)

150

GO-Cell Compartment,
Phospho Proteome

<15 Fold Excluded

L]
5
[}
g
4 [}
g
8
A
3° @
°© o
>
a
A4
2 o
*
e O0®
=34
&5
o &
0 20 40 60 80 100
Fold Enrichment
GO-KEGG Pathway,
Phospho Proteome
6415 Fold Excluded
o
a4 “
g .‘
3| &
g A
o A
A
2
o & .
B e
A
0 5 10 15 20

Fold Enrichment

E
E

[ Fioiln Complex (57.8) A Late Endosome Lumen (41.3)
W Zowda Adherens (55.1) A Goli o ER Transport Vesice (41.3)
B Do S Nk 2) |yt s ane e 1
B SRS A o
W Podosome (29.2) A Tubulin Complex (27.5)
I Ribonucleopotein Grane (227) 1 U2 Type Post mRNA Release Spleasomal
[ Dendritic Spine Membrane (22.7) Complex (27.5)
B Cortical Actin Cytoskeleton (18.7) A Clathrin Coat of Coated Pit (20.6)
W Stress Fiber (15.2) A GAIT Complex (20 6)
O CortealCytoskeleton (18.7) A NF-KappaB Complex (206)
A Moni-Cez1 Complex (206)
o Tt s 1 KTttt s
O Cerebellar Mossy Fiver (79.8) @ Zonula Adherens (86.2)
@ Actin Filament Bundie (71.8) @ Action Filament Bunde (60.3)
@ Nuclear Envelope Lumen (55.2) © Flotillin Complex (60 3)
O Varicosity (44.9) © ERto Golgi Transport Vesicle Membrane (40 2)
‘O Apical Dendrite (24.8) @ Catenin Complex (28.3)
O Podosome (21.8) @ Microtubule Plus End (26.2)
@ Acrosomal Membrane (21.1) O Apicolateral Plasma Membrane (24.1)
O Caveola (189) O Phagocytic Cup (20.8)
@ Mitotic Spindle Pole (18.9) O Postsynaptic Density, Intracellular Component (18.9)
0 Swnrmrten o i 48

- Tuested Eovcned Errasson ve it H Trested Envichad £ 5

O Adverens duncon (18.4) A Crvone Myelod Laukemia (69)

B Leukocyte Transendotnaial Morston 65 A VEGF Signaling Patrway (47)

B FoGamma Rebedisted PRagocyosis 6.1) A Lang Term Petentation (45)

B Tortduncten (75) A RenalCal Carsnoma (45)

B Bectrial ivasion of Cals (7.4) A e oy iam

E Spieecsome (58) A sisaer Cancer (1)

B o A 0 signaing Painay (40)

[ AGERAGE Sinaling Patwey nDissete A L9 Term Deprsson 40)
Campioatns (5.5 A Gsp dncton 30)

I Fid Shear Stess and Atneroscercs (50) AL Biasynihasis of Amino Acids (39)

Ve Treated Enriched Expression v K1 Kl Treaiment Eoricned Eaprassion s Vet

@ Fos adnesion 02 ® Adnerens dunton (157)

O Protecgiycans in Gancer (6.0) @ Loukocyte Transerdotnelia Miraton (65)

@ Endocytoss (1) O Proteogyeans in Cancer 7.3)

© Piteit Actvaton (7.5) O Custing Synerome (89)

O Flud Shear Siress and Anerascirosis 62) & Reguiaten of ctn Cpeskelen (0.6)

©  Reguiston of Actn Cyaskelaton (5.0)




image38.png
GO-Biological Processes,
Phospho Proteome

<15 Fold Excluded
34
A
=2
3 |8
3 o
g 4
a2 o
°
]
1
0 100 200 300 400
Fold Enrichment
GO-Molecular Function,
Phospho Proteome
47 <15 Fo Bxoed
i
]
o
3
o &
A
°
2o
‘ °
o
§ 5"
a
L
0 50 100

Fold Enrichment

Van Tested Enviched Exoresion s it o Trested Eniched Exgression va Ve
[ fopisient s e Tensis A estn indusing Signling Gomiex Assemsly (40.0)
[ Feguiston of e Force ofHeart Contracion A 40 novo' CTP Biosynthetio Process (40.0)
:’ f""’:"‘f“’:“ “‘“;‘: A Reguiation of Cellar Respense to Drug (40.0)
B ncion 749) A Reguiston of Exoost Localzaton (490)
Negatv Reguaton ofCelular Companent
s Regi e A Teomerase Holoenzyme Complex Assembly (300)
[ e Reguistonr rteinLocalzaton A Reguiaton of Neurologica System Process (28.7)
o Naciean (625)
B Arerens soncton Matenance (25) A Reguiton of Protin Losaization to Crromatin (257)
Gotuar Response to lavage in 752 Between 5.65 rRNA and
O perocasas) A LSURIA f Trcstonis RUA Transerst
Poste Regulston of Pepidyl Tyrosine (SSURNA, 53 RNA, LSURNA) @287}
B eprosnjton (635) Negative Regulatn of ysiod auicate
B Fstone Ha-27 Trmetnylaton (46.6) Oiferentaton (287)
[ fentectonto sl Tant A Reguision of ymphacyt Migraton 26.7)
joh Tresed Enviched Exprassion vs KCI KOl Trested Eorched Expression v Kl
@ Resuiatn ot Forcnof Hear Contiaction 7 Positve Reguatn o Cel Cl Adhesin
Chameal Signal (333.4) Vodated by Cachern (74.5)
@ [ stoome s sk O Actin Filament Bundie Assamaly (226)
o eiosmen Reguiton of icrtuoul Plymerzstan
O Kerstnosye Devsopment 75) o By
Posiie Reguiaton o Long Torm eutonal
Synaptic Plastaly (74.1) © Actn Flament Network Formation (459)
© Piasma ombrane Tubuiaten (71.4) ¢ Psiive Regultin o Padesome
@ Nesatve Reguiston f otassum on Assembly (428)
Transmambrane Transsart(50.8) Reguistan of Pestsynaptc Speciaizston
@ Actn Crossink Formaton (47.6) O Membrane Neroransmiter Receptor Levels
O Fbroviat Mgraton (36.2) 1)
O Wound Healing, Sreading of Cells (36.2) @ Negative Reguiation of Ctaiytic Activty (34.4)
Negatvereguiation o Vascuiar Permestity Posiive Reguiaen of Mertubule
0 w2 @ boymerzaten (308)
O Wisotubuls Nuseaton 205)
Posiive Regulation o Sprauing
O ngiogenesi 245
i Trssted Eovoned £ " i Tried Envichad £ s
B RNA Strand Annesing Actwiy (75.7) A TP Binding (35.4)
B Chroms Shadow Demain Binding (55.9) A CTP Synthase Activty (38.4)
I Tatproten Biing (56.) A T Tanatplon FecrSndng
B G Quadrupiex RNA Sinding (39.2) A UT Bindng 288)
B Telomerase RNA Binding (31.2) A Krueppel Asscciated Box Domain (25.6)
O Ribosoma Small Subunt Binding (26.4) A Sufonyurea Receptor Bindng (25.6)
B Vinculn Binding (27.2) A Siustrsl Consttvent of oistsynaptc
Specilzation (25.6)
B Proten Kinase C Activty (22.1)
e Domsant et oase € A Adenyiate Cyciase Activator Actity (23.0)
[= Rbwimia A Prosphatase Actvator Activy (14.4)
Niic Oxide Synthase Reguisor Actvy
A Gz
i Treated Eavichad £ o ! Treated Ervicned Eupression vs Veh
© (RNA Primary Transerpt Binding (124.5) & Gamma Catenin Binding (39.5)
O Fiamin Binding (36.0) ©  Wicrotubule Plus End Binding (20.6)
@ Nitrc-Oxide Syntnase Binding (28.3) @63 Linked Polyubiquiin Bindng (24.7)
@ Protein Kinase A Binding (23.1) O Gl Adnesion Mol Bincing (11.4)
© Rectr Snaing Compies SO ACY @ Gaimeuin snaing 7.9
@ Actn Monomer Binding (23.1) @ hetn Binde (0.1)
© A S-0TH g 216) @ Wcrtubula Binding (52)
© GTPase Bindng 212) @ Actn Flament Binding (52)
@ Phosonatdyiserne Binding (12.5) @ Proten G Torminus Binding (50)
@ 53 DomainBindng (117) @ Proten Kinase Binding (3.2)

150

GO-Cell Compartment,
Phospho Proteome

<15 Fold Excluded

L]
5
[}
g
4 [}
g
8
A
3° @
°© o
>
a
A4
2 o
*
e O0®
=34
&5
o &
0 20 40 60 80 100
Fold Enrichment
GO-KEGG Pathway,
Phospho Proteome
6415 Fold Excluded
o
a4 “
g .‘
3| &
g A
o A
A
2
o & .
B e
A
0 5 10 15 20

Fold Enrichment

E
E

[ Fioiln Complex (57.8) A Late Endosome Lumen (41.3)
W Zowda Adherens (55.1) A Goli o ER Transport Vesice (41.3)
B Do S Nk 2) |yt s ane e 1
B SRS A o
W Podosome (29.2) A Tubulin Complex (27.5)
I Ribonucleopotein Grane (227) 1 U2 Type Post mRNA Release Spleasomal
[ Dendritic Spine Membrane (22.7) Complex (27.5)
B Cortical Actin Cytoskeleton (18.7) A Clathrin Coat of Coated Pit (20.6)
W Stress Fiber (15.2) A GAIT Complex (20 6)
O CortealCytoskeleton (18.7) A NF-KappaB Complex (206)
A Moni-Cez1 Complex (206)
o Tt s 1 KTttt s
O Cerebellar Mossy Fiver (79.8) @ Zonula Adherens (86.2)
@ Actin Filament Bundie (71.8) @ Action Filament Bunde (60.3)
@ Nuclear Envelope Lumen (55.2) © Flotillin Complex (60 3)
O Varicosity (44.9) © ERto Golgi Transport Vesicle Membrane (40 2)
‘O Apical Dendrite (24.8) @ Catenin Complex (28.3)
O Podosome (21.8) @ Microtubule Plus End (26.2)
@ Acrosomal Membrane (21.1) O Apicolateral Plasma Membrane (24.1)
O Caveola (189) O Phagocytic Cup (20.8)
@ Mitotic Spindle Pole (18.9) O Postsynaptic Density, Intracellular Component (18.9)
0 Swnrmrten o i 48

- Tuested Eovcned Errasson ve it H Trested Envichad £ 5

O Adverens duncon (18.4) A Crvone Myelod Laukemia (69)

B Leukocyte Transendotnaial Morston 65 A VEGF Signaling Patrway (47)

B FoGamma Rebedisted PRagocyosis 6.1) A Lang Term Petentation (45)

B Tortduncten (75) A RenalCal Carsnoma (45)

B Bectrial ivasion of Cals (7.4) A e oy iam

E Spieecsome (58) A sisaer Cancer (1)

B o A 0 signaing Painay (40)

[ AGERAGE Sinaling Patwey nDissete A L9 Term Deprsson 40)
Campioatns (5.5 A Gsp dncton 30)

I Fid Shear Stess and Atneroscercs (50) AL Biasynihasis of Amino Acids (39)

Ve Treated Enriched Expression v K1 Kl Treaiment Eoricned Eaprassion s Vet

@ Fos adnesion 02 ® Adnerens dunton (157)

O Protecgiycans in Gancer (6.0) @ Loukocyte Transerdotnelia Miraton (65)

@ Endocytoss (1) O Proteogyeans in Cancer 7.3)

© Piteit Actvaton (7.5) O Custing Synerome (89)

O Flud Shear Siress and Anerascirosis 62) & Reguiaten of ctn Cpeskelen (0.6)

©  Reguiston of Actn Cyaskelaton (5.0)




image39.tiff
.

.
E

.

O

™ . N

.
.
.
I
N
R
.
.
.
.
.
.
.
.
.
.
.
.
M I
.

®«

I
®«
I
.
I
e

[
.

.

I
.

N -
. .
.

-
.

.
.
.
.
B

.

Y

L S L

.
.
.
.
.
.
o
.
.
.

.
I
.
.
.
e
e
.

.

N

R

I
.
.

.

LRI

d

L R

.
.
e
.
.
.
.
.
.
.

.
.
.

.
.




image50.png
p Value (Hog 10)

GO-Biological Processes,
b.End3 Phospho Proteome

<1.5 Fold Excluded

Veh Treated Enriched Expression vs pH pH Treated Enriched Expression vs Veh

o Regulation of Nucleic Acid-Templated A

Transcription (187.4)
Regulation of the Force of Heart
Contraction by Chemical Signal
(187.4)
Protein Localization to
Adherens Junction (74.9)
Negative Regulation of Cellular
Component Movement (70.3)
Negative Regulation of Protein
Localization to Nucleolus (62.5)
Adherens Junction Maintenance
(62.5)
Cellular Response to Hyperoxia
(53.5)
Positive Regulation of Peptidyl
Tyrosine Autophosphorylation (53.5)
Histone H3-K27 Trimethylation
(46.8)
o Protein Localization to Bicellular
Tight Junction (53.5)

@ Veh Treated Enriched Expression vs KCI

Regulation of the Force of Heart
@ Contraction by Chemical Signal
(333.4)
Regulation of Double-Strand Break
Repair (95.3)
Keratinocyte Development (76.9)

Positive Regulation of Long Term
Neuronal Synaptic Plasticity (74.1)

Plasma Membrane Tubulation (71.4)

HE B OB B 0@

Transmembrane Transport (60.6)
Actin Crosslink Formation (47.6)

T T
100 200
Fold Enrichment

T
300

Fibroblast Migration (39.2)

Wound Healing, Spreading of Cells
(39.2)

Negative regulation of Vascular
Permeability (39.2)

O OO0 @ 0O0CO®O®

Negative Regulation of Potassium lon

A

> > > B> > > D>

Death Inducing Signalling Complex
Assembly (40.0)

'de novo' CTP Biosynthetic Process (40.0)
Regulation of Cellular Response to Drug
(40.0)

Regulation of Exocyst Localization (40.0)
Telomerase Holoenzyme Complex Assembly
(30.0)

Regulation of Neurological System Process
(26.7)

Regultion of Protein Localization to
Chromatin (26.7)

Cleavage in ITS2 Between 5.8S rRNA and
LSU-rRNA of Tricistronic rRNA Transcript
(SSU-rRNA, 5.8S rRNA, LSU-rRNA) (26.7)
Negative Regulation of Myeloid Leukocyte
Differentiation (26.7)

Regulation of Lymphocyte Migration

(26.7)

KCI Treated Enriched Expression vs KCI

<

Positive Regulation of Cell Cell
Adhesion Mediated by Cadherin
(74.5)

< Actin Filament Bundle Assembly (22.9)

o 00

<

O O e O

Regulation of Microtubule Polymerization
(54.2)

Actin Filament Network Formation (45.9)
Positive Regulation of Podosome
Assembly (42.6)

Regulation of Postsynaptic Specialization
Membrane Neurotransmitter Receptor
Levels (39.7)

Negative Regulation of Catalytic Activity
(34.4)

Positive Regulation of Microtubule
Polymerization (30.8)

Microtubule Nucleation (29.8)

Positive Regulation of Sprouting
Angiogenesis (24.8)




image40.tiff
.

.
.

e

[
5_
[
-
4_
°
2
. [
.
.
om
N ° -
e °
o
™
N N N N N
. . - .

I

.

N e - . - e - .

.

.
.
N
.
.
.
N
.
[
.
[
.

e

E

.

.
.
.
.
.
.
.
.
.
e

L A

R A

.

.
.

.
.

.
.

.
.

.
.
.
N

.

R
.
.

.
.

R

E
e
.

.
I

.




image52.png
p Value (-log 10)

GO-Cell Compartment, Veh Treated Enriched Expression vs pH pH Treated Enriched Expression vs Veh

b.End3 Phospho Proteome O Flotillin Complex (57.8) A Late Endosome Lumen (41.3)
E Zonula Adherens (55.1) Golgi to ER Transport Vesicle
B Dendiitic Spine Neck (42.8) A 413
Postsynaptic Density, i Qi :
o Intracellular Component (30.1) A I\C/I)éﬁ'ﬂ?;:e“?gf; of Apical Plasma
< 1.5 Fold Excluded B Podosome (29.2) N
= Ribonucleoprotein Granule A Cytoophidium (27.5)
=] (22.7) A Tubulin Complex (27.5)
o Dendritic Spine Membrane A U2 Type Post mRNA Release
] (22.7) Spliceosomal Complex (27.5)
= - (C1cérti7c)al Actin Cytoskeleton A Clathrin Coat of Coated Pit (20.6)
. G .
W Stress Fiber (15.2) : Nﬁ'; Comglzx (20|6) 206
O Cortical Cytoskeleton (18.7) -KappaB Complex (20.6)
o A Mon1-Ccz1 Complex (20.6)
Veh Treated Enriched Espression vs KCI  KCI Treated Enriched Expression vs Veh
A O Cerebellar Mossy Fiber (79.8) @ Zonula Adherens (86.2)
o @ Actin Filament Bundle (71.8) < Action Filament Bundle (60.3)
o [ ] Nuc.lear Envelope Lumen (55.2) ¢ Flotillin Complex (60.3)
O Varicosity (44.9) o ERtoGolgi Transport Vesicle
° O Apical Dendrite (24.8) Membrane (40.2)
O Podosome (21.8) ¢ Catenin Complex (28.3)
@ Acrosomal Membrane (21.1) ¢ Microtubule Plus End (26.2)
m]
IS o C§V9°|a (18'9) ¢ Apicolateral Plasma Membrane (24.1)
o © (IR 4 : th'tot'c ?_’;‘ndl‘j 6Pc11Ie (18.9) ¢ Phagocytic Cup (20.8)
@ =] ress Fiber (16.1) o Postsynaptic Density, Intracellular
Component (18.9)
, ¢ Intercalated Disc (14.8)
T T T T 1
20 40 60 80 100

Fold Enrichment




image41.tiff
.

R

.

. -
L]
L]
- . n
L]
> L]
L]
L] L]
s N "
.
L]
« & .
A L]
. N .
‘ L] o
. - .
< ' .
- .
F .
- i i i
. e . .

.

.
.

.
.

.

.
.

.

.
I

.
.
.
.
.

.

.
I
.
E
.
.
D
.
.
B
I
B

.
.
R

.

L S L

R

RS SRR SR A

.
.
.
R

.
.
.
.
.
[
.
.
[
.
.
.

e

F
.

.
.

.
.

e
.
.
N
.
.




image54.png
p Value (-log 10)

GO-Molecular Function,

Veh Treated Enriched Expression vs pH

b.End3 Phospho Proteome =
=]
[m]
47 < 1.5 Fold Excluded -
]
<o [m]
|
u] =]
[
34 O
Veh
o
o M o
A o
(6]
2 PN )
‘ o o
<& . °
(o]
3 ) °
& )
! ®
1 T T 1
0 50 100 150

Fold Enrichment

RNA Strand Annealing Activity
(75.7)

Chromo Shadow Domain Binding
(58.9)

Tat Protein Binding (39.3)

G Quadruplex RNA Binding
(39.3)

Telomerase RNA Binding (31.2)

Ribosomal Small Subunit
Binding (29.4)

Vinculin Binding (27.2)
Protein Kinase C Activity
(22.1)

Calcium Dependant Protein
Kinase C Activity (22.1)

Treated Enriched Expression vs KCI

rRNA Primary Transcript Binding
(124.5)

Filamin Binding (36.6)
Nitric-Oxide Synthase Binding
(28.3)

Protein Kinase A Binding
(23.1)

Receptor Signalling Complex
Scaffold Activity (23.1)

Actin Monomer Binding (23.1)
mRNA 5-UTR Binding (21.5)
GTPase Binding (21.2)

Phosphatidylserine Binding
(13.5)
SH3 Domain Binding (11.7)

pH Treated Enriched Expression vs Veh

> > > D>B>D> P> D>

® 0

QOO0 OOO O o

CTP Binding (38.4)

CTP Synthase Activity (38.4)
TFIIF-Class Transcription Factor
Binding (38.4)

UTP Binding (28.8)

Krueppel Associated Box Domain
(25.6)

Sulfonylurea Receptor Binding (25.6)
Structural Constituent of
Poistsynaptic Specialization (25.6)
Adenylate Cyclase Activator Activity
(23.0)

Phosphatase Activator Activity
(14.4)

Nitric Oxide Synthase Regulator
Activity (12.8)

KClI Treated Enriched Expression vs Veh

Gamma Catenin Binding (39.5)
Microtubule Plus End Binding (29.6)

K63 Linked Polyubiquitin Binding
(24.7)

Cell Adhesion Molecule Binding
(11.4)

Calmodulin Binding (7.5)

Actin Binding (6.1)

Microtubule Binding (5.2)

Actin Filament Binding (5.2)
Protein C Terminus Binding (5.0)
Protein Kinase Binding (3.2)




image42.tiff
I

.
.

.

.
.
.
.
I
.
.
.

.
.
B
.
.
.
.

L o o S S o

.

I
E
.
.
.
.
.
N
I

.
.

.

.
A
4_
o
L]
'l
A
A
A
2_
L] " .
l.l -
PR
..
i i i i
- - . .

e

e

.
.
.
.
.
.
.
.

.

RIS

.
.
.

.
.
.
.




image56.png
p Value (-log 10)

GO-KEGG Pathway,
b.End3 Phospho Proteome

Veh Treated Enriched Expression vs pH

[m]

B OO0 E O0F B

Adherens Junction (18.4)
Leukocyte Transendothelial
Migration (9.5)

Fc Gamma R-Mediated
Phagocytosis (8.1)

Tight Junction (7.8)
Bacterial Invasion of Cells
(7.4)

Spliceosome (5.6)
Endocytosis (4.1)

Viral Carcinogenesis (4.1)
AGE-RAGE Signalling Pathway in
Diabetic Complications (5.5)
Fluid Shear Stress and
Atherosclerois (5.0)

> >>D>D>D>P>D>D>

pH Treated Enriched Expression vs Veh

Chronic Myeloid Leukemia (4.9)
VEGF Signalling Pathway (4.7)
Long Term Potentiation (4.5)
Renal Cell Carcinoma (4.5)
Citrate Cycle (4.2)

Bladder Cancer (4.1)

ErbB Signalling Pathway (4.0)
Long Term Depression (4.0)
Gap Junction (3.9)

Biosynthesis of Amino Acids
(3.9)

Veh Treated Enriched Expression vs KClI KCI Treatment Enriched Expression vs Veh

69<1.5 Fold Excluded
A
4_
(0]
=]
@
A
A
A
2_
m] o *
l.l 'S
A O
..
T T T 1
0 5 10 15

Fold Enrichment

20

Focal Adhesion (9.2)
Proteoglycans in Cancer (9.0)
Endocytosis (7.9)

Platelet Activation (7.5)

Fluid Shear Stress and
Atherosclerosis (6.2)
Regulation of Actin
Cytoskeleton (5.6)

L 4

® 00 @

Adherens Junction (15.7)

Leukocyte Transendothelial Migration
(9.5)

Proteoglycans in Cancer (7.3)
Cushing Syndrome (6.9)

Regulation of Actin Cytoskeleton
(6.8)




image44.png
log, (fold change) of phopsho-site

'
»

1
N
1

'
N
L

ZO-1 266-ATLLNVPDLS?"°DS? " IHS?®°ANASER-286

*Z0-1 266-ATLLNVPDLSDS? *IHSANAS?®°ER-286

*ZO-1 266-ATLLNVPDLSDSIHS?'’ANAS?®°ER-286

*Z0-1 266-ATLLNVPDLSDSIHS?’/ ANAS?®°ER-286

*70-1 266-ATLLNVPDLSDSIHS?’/ ANAS?®°ER-286

*Z0-1 266-ATLLNVPDLSDS?""IHSANAS?®°ER-286

Z0-1 287-DDISEIQS?**LAS?®' DHS*°GRSHDRPPR-309

CAVN2 324-EEGS*? FTEGLS***EASLPSGLMEGSAEDAEK-351
*CAVN2 356-GNNSAVGS>®*NADL TIEEDEEEEPVALQQAQQVR-387

*CAVN2 356-GNNSAVGS *NADLTIEEDEEEEPVALQQAQQVR-387
*CAVN2 356-GNNSAVGSNADL % |EEDEEEEPVALQQAQQVR-387

*CAVN2 356-GNNSAVGSNADL T°®|EEDEEEEPVALQQAQQVR-387
CAVN2 356-GNNSAVGSNADLT>%®|EEDEEEEPVALQQAQQVR-387

*CAVN2 356-GNNS**°*AVGSNADLTIEEDEEEEPVALQQAQQVR-387
*CAVN2 356-GNNS**°AVGSNADL TIEEDEEEEPVALQQAQQVR-387

CAVN2 355-RGNNSAVGS *5*NADL T**®|EEDEEEEPVALQQAQQVR-387

CTND1 265-VGGS>**SVDLHR-274

AKA12 611-RPS®*ES® S DKEEELDK-623
AKA12 611-RPS®'°ES®SDKEEELDK-623
AKA12 764-AEDS %' GAEQLASEIEPSR-780
FLNC 2232-LGS?***FGSITR-2240

Ver;icle E pH=I6.8

60 mM KCl




image45.png
Selected Proteins, Veh Enriched

8_ 1
— ;
N :
8 6!
< ; ® AKA12
= !
g i
= 4=, ® CAVN2
< : © ACTN4
o ' ® 201
T 2! ® CTND1
22! Wb, emom
T ! ® FLNC
o 1 1 1 1 1
2 4 6 8 10

P Value (-Log10)




image47.png
Z0-1 Residue Phosphorylation Targeting by Treatment Group





image60.png
log, (fold change) of phopsho-site

'
»

1
N
1

'
N
L

ZO-1 266-ATLLNVPDLS?"°DS? " IHS?®°ANASER-286

*Z0-1 266-ATLLNVPDLSDS? *IHSANAS?®°ER-286

*ZO-1 266-ATLLNVPDLSDSIHS?'’ANAS?®°ER-286

*Z0-1 266-ATLLNVPDLSDSIHS?’/ ANAS?®°ER-286

*70-1 266-ATLLNVPDLSDSIHS?’/ ANAS?®°ER-286

*Z0-1 266-ATLLNVPDLSDS?""IHSANAS?®°ER-286

Z0-1 287-DDISEIQS?**LAS?®' DHS*°GRSHDRPPR-309

CAVN2 324-EEGS*? FTEGLS***EASLPSGLMEGSAEDAEK-351
*CAVN2 356-GNNSAVGS>®*NADL TIEEDEEEEPVALQQAQQVR-387

*CAVN2 356-GNNSAVGS *NADLTIEEDEEEEPVALQQAQQVR-387
*CAVN2 356-GNNSAVGSNADL % |EEDEEEEPVALQQAQQVR-387

*CAVN2 356-GNNSAVGSNADL T°®|EEDEEEEPVALQQAQQVR-387
CAVN2 356-GNNSAVGSNADLT>%®|EEDEEEEPVALQQAQQVR-387

*CAVN2 356-GNNS**°*AVGSNADLTIEEDEEEEPVALQQAQQVR-387
*CAVN2 356-GNNS**°AVGSNADL TIEEDEEEEPVALQQAQQVR-387

CAVN2 355-RGNNSAVGS *5*NADL T**®|EEDEEEEPVALQQAQQVR-387

CTND1 265-VGGS>**SVDLHR-274

AKA12 611-RPS®*ES® S DKEEELDK-623
AKA12 611-RPS®'°ES®SDKEEELDK-623
AKA12 764-AEDS %' GAEQLASEIEPSR-780
FLNC 2232-LGS?***FGSITR-2240

Ver;icle E pH=I6.8

60 mM KCl




image61.png
Selected Proteins, Veh Enriched

8_ 1
— ;
N :
8 6!
< ; ® AKA12
= !
g i
= 4=, ® CAVN2
< : © ACTN4
o ' ® 201
T 2! ® CTND1
22! Wb, emom
T ! ® FLNC
o 1 1 1 1 1
2 4 6 8 10

P Value (-Log10)




image62.png
Z0-1 Residue Phosphorylation Targeting by Treatment Group





image48.png
log,, (fold change) of phopsho-site

Z0-1 287-DDISEIQSLASDHS®*°GR-302

*  70-1 287-DDISEIQSLASDHS®*°GR-302

* 70-1839-HTSDYEDTDTEGGAYTDQELDET®®'LNDEVGT**®PPESAITR-876
ZO-1 839-HTSDYEDT**°DTEGGAYTDQELDETLNDEVGTPPESAITR-876

*  Z0-1 111-KVQIPVSHPDPEPVS '*>DNEDDSYDEEVHDPR-140

*  Z0-1 112-VQIPVSHPDPEPVS'*>DNEDDSYDEEVHDPR-140

*  ZO-1 112-VQIPVSHPDPEPVS '>DNEDDSYDEEVHDPR-140

*  Z0-1 112-VQIPVSHPDPEPVS'?>DNEDDSYDEEVHDPR-140

°  SL9A1 705-1GS’"" DPLAYEPK-715

*  SL9A1 695-LDS*’PTLSR-702 * *MFA1A 107-IVEPEVVGES'"®DSEVEGDAWR-126
© MACF1 3886-RQGS*®®°FSEDVISHK-3898 *  *MFA1A 107-IVEPEVVGESDS'"®EVEGDAWR-126
*  CDK1 159-VYT'®'"HEVWTLWYR-170 *  *MFA1A 107-IVEPEVVGES''® DSEVEGDAWR-126
*  CDK1 159-VYT'®'HEVWWTLWYR-170 °  *MFA1A 107-IVEPEVVGESDS'"®EVEGDAWR-126
¢ CTND1 345-GS**6LASLDSLR-354 °  FAK1 904-LQPQEIS®'°PPPTANLDR-919
°  CTND1 345-GS**6LASLDSLR-354 *  FAK1 904-LQPQEIS®'°PPPTANLDR-919

*  *CTND1 859-S%'QSSHSYDDSTLPLIDR-875 ° FAK1 904-LQPQEIS®'®PPPTANLDR-919
* *CTND1 859-5%*'QSSHSYDDSTLPLIDR-875
* *CTND1 859-S%*'QSSHSYDDSTLPLIDR-875
*CTND1 859-SQS®®*SHSYDDSTLPLIDR-875
© *CTND1 859-SQS®**SHSYDDSTLPLIDR-875

e *CTND1 859-SQS®®*SHSYDDSTLPLIDR-875

* *CTND1 859-S%¢'QSSHSYDDSTLPLIDR-875
° *MAP4 515-DMS®'"PSAETEAPLAK-528

*  MAP4 515-DMS°'"PSAETEAPLAK-528
°  MAP4 515-DMS®'"PSAETEAPLAK-528

MAP4 431-DVTLPLEAERPLVTDMT**’ PSLETEMTLGK-458

*  FAK1 842-GS®*°|DREDGSFQGPTGNQHIYQPVGKPDPAAPPK-874
*  FAK1 386-THAVSVSETDDYAEIIDEEDTY**’TMPSTR-413

W 238% o ....g...

Vehicle 5 pH=6.8 5 60 mM KCl





image49.png
Fold Change (LOG2)

(3]

F N

w

N

—

o

Selected Proteins, pH Enriched

= ]
; ® MFA1A
)
)
= - @ Z0-1
]
)
' Rliwe o MAPZ!
4 o NJGFR3 @ MACF1
: ® CTND1
]
1 I 1 1 1
1 2 3 4 5 6

P Value (-Log10)




image65.png
log,, (fold change) of phopsho-site

Z0-1 287-DDISEIQSLASDHS®*°GR-302

*  70-1 287-DDISEIQSLASDHS®*°GR-302

* 70-1839-HTSDYEDTDTEGGAYTDQELDET®®'LNDEVGT**®PPESAITR-876
ZO-1 839-HTSDYEDT**°DTEGGAYTDQELDETLNDEVGTPPESAITR-876

*  Z0-1 111-KVQIPVSHPDPEPVS '*>DNEDDSYDEEVHDPR-140

*  Z0-1 112-VQIPVSHPDPEPVS'*>DNEDDSYDEEVHDPR-140

*  ZO-1 112-VQIPVSHPDPEPVS '>DNEDDSYDEEVHDPR-140

*  Z0-1 112-VQIPVSHPDPEPVS'?>DNEDDSYDEEVHDPR-140

°  SL9A1 705-1GS’"" DPLAYEPK-715

*  SL9A1 695-LDS*’PTLSR-702 * *MFA1A 107-IVEPEVVGES'"®DSEVEGDAWR-126
© MACF1 3886-RQGS*®®°FSEDVISHK-3898 *  *MFA1A 107-IVEPEVVGESDS'"®EVEGDAWR-126
*  CDK1 159-VYT'®'"HEVWTLWYR-170 *  *MFA1A 107-IVEPEVVGES''® DSEVEGDAWR-126
*  CDK1 159-VYT'®'HEVWWTLWYR-170 °  *MFA1A 107-IVEPEVVGESDS'"®EVEGDAWR-126
¢ CTND1 345-GS**6LASLDSLR-354 °  FAK1 904-LQPQEIS®'°PPPTANLDR-919
°  CTND1 345-GS**6LASLDSLR-354 *  FAK1 904-LQPQEIS®'°PPPTANLDR-919

*  *CTND1 859-S%'QSSHSYDDSTLPLIDR-875 ° FAK1 904-LQPQEIS®'®PPPTANLDR-919
* *CTND1 859-5%*'QSSHSYDDSTLPLIDR-875
* *CTND1 859-S%*'QSSHSYDDSTLPLIDR-875
*CTND1 859-SQS®®*SHSYDDSTLPLIDR-875
© *CTND1 859-SQS®**SHSYDDSTLPLIDR-875

e *CTND1 859-SQS®®*SHSYDDSTLPLIDR-875

* *CTND1 859-S%¢'QSSHSYDDSTLPLIDR-875
° *MAP4 515-DMS®'"PSAETEAPLAK-528

*  MAP4 515-DMS°'"PSAETEAPLAK-528
°  MAP4 515-DMS®'"PSAETEAPLAK-528

MAP4 431-DVTLPLEAERPLVTDMT**’ PSLETEMTLGK-458

*  FAK1 842-GS®*°|DREDGSFQGPTGNQHIYQPVGKPDPAAPPK-874
*  FAK1 386-THAVSVSETDDYAEIIDEEDTY**’TMPSTR-413

W 238% o ....g...

Vehicle 5 pH=6.8 5 60 mM KCl





image66.png
Fold Change (LOG2)

(3]

F N

w

N

—

o

Selected Proteins, pH Enriched

= ]
; ® MFA1A
)
)
= - @ Z0-1
]
)
' Rliwe o MAPZ!
4 o NJGFR3 @ MACF1
: ® CTND1
]
1 I 1 1 1
1 2 3 4 5 6

P Value (-Log10)




image51.png
N
4

o
1

log, (fold change) of phopsho-site

Z0-1 266-ATLLNVPDLSDS?"’IHSANASER-286

Z0-1 266-ATLLNVPDLSDS?"’IHSANASER-286

Z0-1 1610-AVPVS'81*PSAVEEDEDEDGHTVVATAR-1634

*70-1 287-DDISEIQS**/LASDHSGR-302

*Z0-1 287-DDISEIQSLASDHS*°GR-302

*Z0-1 287-DDISEIQS**/LASDHSGR-302

*70-1 839-HTSDYEDTDTEGGAYTDQELDETLNDEVGT®®' PPESAITR-876
*ZO-1 839-HTSDYEDTDTEGGAY T°**DQELDETLNDEVGTPPESAITR-876
*ZO-1 839-HTSDYEDTDTEGGAY TDQELDET*®'LNDEVGTPPESAITR-876
*70-1 839-HTSDYEDTDTEGGAY T°>*DQELDETLNDEVGTPPESAITR-876
*Z0O-1 839-HTSDYEDTDTEGGAY T°**DQELDETLNDEVGTPPESAITR-876
*Z0-1 839-HTSDYEDTDT**°EGGAYTDQELDETLNDEVGTPPESAITR-876
*Z0-1 839-HTSDYEDTDTEGGAYTDQELDET®®'LNDEVG T**®PPESAITR-876
*Z0O-1 839-HTSDYEDTDTEGGAYTDQELDETLNDEVGT*®'PPESAITR-876
Z0-1 175-S'7°VASSQPAKPTK-186

*CTND1 859-SQS %' SHSYDDSTLPLIDR-875

*CTNA1 634-TPEELDDS®**'DFET®*EDFDVR-651
*CTNA1T®**PEELDDSDFET*“°EDFDVR- 651
*CTND1 859-SQSSHS®®*YDDSTLPLIDR- 875
*CTND1 859-S%°QSSHSYDDSTLPLIDR- 875
“CTND1 859-5°°QSSHSYDDSTLPLIDR-875 .
*CTND1 859-SQSSHS"**YDDSTLPLIDR-875
*CTND1 859-SQS®®'SHSYDDSTLPLIDR-875
SNTB2 373-S°°PSLGSDLTFATR-385
SNTB2 375-SPS*"°LGSDLTFATR-385

ITSN2 836-TVS ¥ PGSVSE**PIHGQGQAVENLK-856
ITSN2 836-T°*0VSPGSVS®**PIHGQGQAVENLK-856
ITSN2 836-TVS®*®PGSVSPIHGQGQAVENLK-856
ITSN2 836-T°*0VSPGSVS®4*PIHGQGQAVENLK-856
ITSN2 836-TVS®*®PGS®**VSPIHGQGQAVENLK-856
JCAD 1245-S'?“>ADSVEEPDPLK-1256

*  JCAD 1245-SADS'?**VEEPDPLK-1256

SNTB2 186-KPSLVSDLPWEGASPQS?’?PSFSGSEDSGSPK-215
SL9A1 773-EPSSPGTDDVFTPGSSDS °PSSQR-795

QM...L-_.--;;;

”0“'00—“
-esse ...---'.“..'!.-_- ;2‘%:“““‘.__

(Y o © oo

Vehicle 5 pH=6.8 5 60 mM KCl




image53.png
Z0-1 266-ATLLNVPDLSDS?"’IHSANASER-286
*  Z0-1266-ATLLNVPDLSDS?" IHSANASER-286
e ZO-1 1610-AVPVS'®'“PSAVEEDEDEDGHTVVATAR-1634

*70-1 287-DDISEIQS?*/LASDHSGR-302
e *70-1 287-DDISEIQSLASDHS®**°GR-302
*  *70-1 287-DDISEIQS?**LASDHSGR-302
*  *Z0O-1839-HTSDYEDTDTEGGAYTDQELDETLNDEVGT®'PPESAITR-876
*  *Z0-1839-HTSDYEDTDTEGGAY T°**DQELDETLNDEVGTPPESAITR-876
*  *Z0O-1839-HTSDYEDTDTEGGAYTDQELDET®®'LNDEVGTPPESAITR-876
e *ZO-1839-HTSDYEDTDTEGGAY T***DQELDETLNDEVGTPPESAITR-876
© *Z0O-1839-HTSDYEDTDTEGGAY T***DQELDETLNDEVGTPPESAITR-876
*  *Z0-1839-HTSDYEDTDT**®EGGAYTDQELDETLNDEVGTPPESAITR-876
*  *ZO-1 839-HTSDYEDTDTEGGAYTDQELDET®®'LNDEVG T*®®PPESAITR-876
* *Z0-1839-HTSDYEDTDTEGGAYTDQELDETLNDEVGT®®' PPESAITR-876
©  Z0-1175-S""°VASSQPAKPTK-186
* *CTND1 859-SQS®®'SHSYDDSTLPLIDR-875

*CTNA1 634-TPEELDDS®**'DFET®*EDFDVR-651
* *CTNA1T®**PEELDDSDFET***EDFDVR-651
* *CTND1 859—SQSSHSSG4YDDSTLPLIDR—875:
e *CTND1 859-S%°°QSSHSYDDSTLPLIDR-875 .
* *CTND1 859-5°°°QSSHSYDDSTLPLIDR-875
* *CTND1 859-SQSSHS"**YDDSTLPLIDR-875
° *CTND1859-SQS*®'SHSYDDSTLPLIDR-875 ,
*  SNTB2 373-S°7°PSLGSDLTFATR-385
*  SNTB2 375-SPS°"°LGSDLTFATR-385

ITSN2 836-TVS®¥PGSVSt**PIHGQGQAVENLK-856
ITSN2 836-T°*0VSPGSVS®**PIHGQGQAVENLK-856
ITSN2 836-TVS®*®PGSVSPIHGQGQAVENLK-856
ITSN2 836-T°*0VSPGSVS®4*PIHGQGQAVENLK-856
ITSN2 836-TVS®*®PGS®**VSPIHGQGQAVENLK-856
JCAD 1245-S'?“>ADSVEEPDPLK-1256

*  JCAD 1245-SADS'?**VEEPDPLK-1256

* SNTB2 186-KPSLVSDLPWEGASPQS**?PSFSGSEDSGSPK-215
SL9A1 773-EPSSPGTDDVFTPGSSDS °PSSQR-795

o) -

‘®

o)

7 I

Q ‘ “'no 28 o : *!!! n

%_ 0:.& -ease ‘...:.--'.'!..".-;- %gjt-.lmlllﬁ.!l.!mm"a- -———-—- et ;:3—--‘--4..
. °®® H i [ 1]

3PN B < - ” é

) .

()]

c

8 4

[&)

o ;

Q-S- ooi

N :

g

- -8

Vehicle 5 pH=6.8 5 60 mM KCl




image55.png
Fold Change (LOG2)

Selected Proteins, KCI Enriched

3 = ]
i
: @ DC1L2
[}

2+ ® E2AK2
i ® 0SBL8
: CSLAT o snTB2
l @ CTND1
: © JCAD

14 ® zO® ITSN2
! ®CTNAT
i

o 1 1 1 1

1 2 3 4 5 6

P Value (-Log10)




image70.png
N
4

o
1

log, (fold change) of phopsho-site

Z0-1 266-ATLLNVPDLSDS?"’IHSANASER-286

Z0-1 266-ATLLNVPDLSDS?"’IHSANASER-286

Z0-1 1610-AVPVS'81*PSAVEEDEDEDGHTVVATAR-1634

*70-1 287-DDISEIQS**/LASDHSGR-302

*Z0-1 287-DDISEIQSLASDHS*°GR-302

*Z0-1 287-DDISEIQS**/LASDHSGR-302

*70-1 839-HTSDYEDTDTEGGAYTDQELDETLNDEVGT®®' PPESAITR-876
*ZO-1 839-HTSDYEDTDTEGGAY T°**DQELDETLNDEVGTPPESAITR-876
*ZO-1 839-HTSDYEDTDTEGGAY TDQELDET*®'LNDEVGTPPESAITR-876
*70-1 839-HTSDYEDTDTEGGAY T°>*DQELDETLNDEVGTPPESAITR-876
*Z0O-1 839-HTSDYEDTDTEGGAY T°**DQELDETLNDEVGTPPESAITR-876
*Z0-1 839-HTSDYEDTDT**°EGGAYTDQELDETLNDEVGTPPESAITR-876
*Z0-1 839-HTSDYEDTDTEGGAYTDQELDET®®'LNDEVG T**®PPESAITR-876
*Z0O-1 839-HTSDYEDTDTEGGAYTDQELDETLNDEVGT*®'PPESAITR-876
Z0-1 175-S'7°VASSQPAKPTK-186

*CTND1 859-SQS %' SHSYDDSTLPLIDR-875

*CTNA1 634-TPEELDDS®**'DFET®*EDFDVR-651
*CTNA1T®**PEELDDSDFET*“°EDFDVR- 651
*CTND1 859-SQSSHS®®*YDDSTLPLIDR- 875
*CTND1 859-S%°QSSHSYDDSTLPLIDR- 875
“CTND1 859-5°°QSSHSYDDSTLPLIDR-875 .
*CTND1 859-SQSSHS"**YDDSTLPLIDR-875
*CTND1 859-SQS®®'SHSYDDSTLPLIDR-875
SNTB2 373-S°°PSLGSDLTFATR-385
SNTB2 375-SPS*"°LGSDLTFATR-385

ITSN2 836-TVS ¥ PGSVSE**PIHGQGQAVENLK-856
ITSN2 836-T°*0VSPGSVS®**PIHGQGQAVENLK-856
ITSN2 836-TVS®*®PGSVSPIHGQGQAVENLK-856
ITSN2 836-T°*0VSPGSVS®4*PIHGQGQAVENLK-856
ITSN2 836-TVS®*®PGS®**VSPIHGQGQAVENLK-856
JCAD 1245-S'?“>ADSVEEPDPLK-1256

*  JCAD 1245-SADS'?**VEEPDPLK-1256

SNTB2 186-KPSLVSDLPWEGASPQS?’?PSFSGSEDSGSPK-215
SL9A1 773-EPSSPGTDDVFTPGSSDS °PSSQR-795

QM...L-_.--;;;

”0“'00—“
-esse ...---'.“..'!.-_- ;2‘%:“““‘.__

(Y o © oo

Vehicle 5 pH=6.8 5 60 mM KCl




image71.png
Z0-1 266-ATLLNVPDLSDS?"’IHSANASER-286
*  Z0-1266-ATLLNVPDLSDS?" IHSANASER-286
e ZO-1 1610-AVPVS'®'“PSAVEEDEDEDGHTVVATAR-1634

*70-1 287-DDISEIQS?*/LASDHSGR-302
e *70-1 287-DDISEIQSLASDHS®**°GR-302
*  *70-1 287-DDISEIQS?**LASDHSGR-302
*  *Z0O-1839-HTSDYEDTDTEGGAYTDQELDETLNDEVGT®'PPESAITR-876
*  *Z0-1839-HTSDYEDTDTEGGAY T°**DQELDETLNDEVGTPPESAITR-876
*  *Z0O-1839-HTSDYEDTDTEGGAYTDQELDET®®'LNDEVGTPPESAITR-876
e *ZO-1839-HTSDYEDTDTEGGAY T***DQELDETLNDEVGTPPESAITR-876
© *Z0O-1839-HTSDYEDTDTEGGAY T***DQELDETLNDEVGTPPESAITR-876
*  *Z0-1839-HTSDYEDTDT**®EGGAYTDQELDETLNDEVGTPPESAITR-876
*  *ZO-1 839-HTSDYEDTDTEGGAYTDQELDET®®'LNDEVG T*®®PPESAITR-876
* *Z0-1839-HTSDYEDTDTEGGAYTDQELDETLNDEVGT®®' PPESAITR-876
©  Z0-1175-S""°VASSQPAKPTK-186
* *CTND1 859-SQS®®'SHSYDDSTLPLIDR-875

*CTNA1 634-TPEELDDS®**'DFET®*EDFDVR-651
* *CTNA1T®**PEELDDSDFET***EDFDVR-651
* *CTND1 859—SQSSHSSG4YDDSTLPLIDR—875:
e *CTND1 859-S%°°QSSHSYDDSTLPLIDR-875 .
* *CTND1 859-5°°°QSSHSYDDSTLPLIDR-875
* *CTND1 859-SQSSHS"**YDDSTLPLIDR-875
° *CTND1859-SQS*®'SHSYDDSTLPLIDR-875 ,
*  SNTB2 373-S°7°PSLGSDLTFATR-385
*  SNTB2 375-SPS°"°LGSDLTFATR-385

ITSN2 836-TVS®¥PGSVSt**PIHGQGQAVENLK-856
ITSN2 836-T°*0VSPGSVS®**PIHGQGQAVENLK-856
ITSN2 836-TVS®*®PGSVSPIHGQGQAVENLK-856
ITSN2 836-T°*0VSPGSVS®4*PIHGQGQAVENLK-856
ITSN2 836-TVS®*®PGS®**VSPIHGQGQAVENLK-856
JCAD 1245-S'?“>ADSVEEPDPLK-1256

*  JCAD 1245-SADS'?**VEEPDPLK-1256

* SNTB2 186-KPSLVSDLPWEGASPQS**?PSFSGSEDSGSPK-215
SL9A1 773-EPSSPGTDDVFTPGSSDS °PSSQR-795

o) -

‘®

o)

7 I

Q ‘ “'no 28 o : *!!! n

%_ 0:.& -ease ‘...:.--'.'!..".-;- %gjt-.lmlllﬁ.!l.!mm"a- -———-—- et ;:3—--‘--4..
. °®® H i [ 1]

3PN B < - ” é

) .

()]

c

8 4

[&)

o ;

Q-S- ooi

N :

g

- -8

Vehicle 5 pH=6.8 5 60 mM KCl




image72.png
Fold Change (LOG2)

Selected Proteins, KCI Enriched

3 = ]
i
: @ DC1L2
[}

2+ ® E2AK2
i ® 0SBL8
: CSLAT o snTB2
l @ CTND1
: © JCAD

14 ® zO® ITSN2
! ®CTNAT
i

o 1 1 1 1

1 2 3 4 5 6

P Value (-Log10)




image57.png
Discrete Pathways of ZO-1 Phosphorylation States Following CSD Constituent Insult in Brain
Endothelial Cells

Potential Outcome, Paracellular Leak, Infiltration
OfPro Nocicepivesubstances into CNS

N

‘_k

e Phosphorylation
rete Mechanisms





image58.png
pharmaceutics




image59.png




