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7.1 Research Program: Development a bacterialDeveloping a reversible electroporation model of bacteria based on rate permeabilization measurements of hydrophilic and hydrophobic moleculescompounds in a moderate electric field	Comment by MB: Molecule is the general term used to describe any atoms that are connected by chemical bonds. Every combination of atoms is a molecule. A compound is a molecule made of atoms from different elements. All compounds are molecules, but not all molecules are compounds.

Abstract	Comment by MB: Not needed as part of the ISF main text, according to guidelines.
7.1.1 Scientific background 	Comment by MB: This section lacks the literature review discussing any similar experiments already undertaken and what the researchers in this project plan to do differently or improve upon. 

In addition, emphasizing the novelty and real-world application (in terms of how successful results will translate to cost, labor, or time savings) of their intended project is not clear.  
1.1 Pulsed electric field: Applying an external pulsed electric field (PEF) to microbial cells leads to an increase in their membrane permeability, a phenomenon which is termed as electroporation [(Sale and Hamilton, 1976]). Based on theoretical studies and experiments, it was suggested that this phenomenon appears when the external electric field exceeds the capacity of the cell membrane potential, leading. This leads to mechanical changes and athe creation of hydrophilic pores where water molecules can enter through the membrane lipid bilayer, thus causing the polar head groups of adjacent phospholipids to face toward the water [ (Neumann et al., 1999; Gehl  2003; Kotnik  et al.., 2015]). The electric fields are divided into four ranges according to the membrane electroporation characterization: no detectable electroporation, reversible electroporation, non-thermal irreversible electroporation and irreversible electroporation with thermal damage [Yarmush el al. 2014]. The electric field range depends on the cell size and type , the medium components, its. The electric field range created from electroporation depends on the cell size and type along with the medium components such as osmolarity and electrical conductivity [Pucihar et al., 2014; Baldwin et al., 2010]. 1-. The electric fields produced by electroporation are divided into four ranges according to the membrane electroporation characterization and are described below [Yarmush el al., 2014]: 	Comment by MB: All citations in the text should be listed alphabetically (e.g., Gehl and Kotnik before Neumann) or via numerical dates (chronologically earlier to later or vice versa). As of now all the in-text citations do not follow a certain order.	Comment by MB: For the Pucihar reference, the first one listed in the references is from 2001. Please check.
1. No detectable electroporation – Below a threshold of a specific electric field strength, regardless of the duration, there is no detectable electroporation is produced [Kramar et al., 2007; Pucihar et al.., 2014]. 2- 
2. Reversible electroporation – This electric range is characterized by pore formation leadingwhich leads to transport of molecules in and out of the cells. AIn this range the phenomenon of pore resealing, where most of the electroporated cells retain their viability, may occurred and dependsoccur depending on the electric parameters and environmental conditions. 3- In the non
3. Non-thermal irreversible electroporation, the – The pores reseal too slowly or not at all, leading to releasingthe release of the cell contents. 4- In the irreversible
4. Irreversible electroporation with thermal damage, the –  The electric current increases the temperature, leading which leads to a denaturation of the released molecules [Kotnik  et al.., 2015]. The pore creation occurs in less than a second, while resealing washas been reported to occur over a range of minutes or even hours [Kinosita, and Tsong 1977;  Lee et al., 1992]. 	Comment by MB: Denaturation of proteins/proteins in the membrane which then releases molecules? Please clarify. 	Comment by MB: This sentence needs restructuring for clarity. It is unclear what the connection of both of these phenomena are to this electric field range and/or what results (what does the cell ultimately experiences – cell death?) from them.

[bookmark: _Hlk54294608]1.2 Viable but non-culturable (VBNC) cells: It is commonlycommon to evaluate bacterial viability based on thetheir ability of replicationto replicate [Espina et al., 2016],, and the lack of replication is considered as nonexistence of microbial life [Emerson et al., 2017]. ForHowever, for many microorganisms, such as bacteria the designation of being categorized strictly as a dead or live cell is not clear as well as . In addition, the process fromcomplete processes involved with cell life to cell death, and the reverse route of recovery along with how cells repair after injury remain to be elucidated [Davey 2011; Schottroff et al., 2018]. Viable but non-culturable (VBNC) cells, as well as sublethallysub-lethally injured microorganisms, are important forms of lifecell states that may be induced by stressstressful conditions, such as heat treatment, ultraviolet radiation, hydrostatic pressure, cold plasma, pulsed light, and PEF treatment [Schottroff et al., 2018; Colwell 2009]. It is important to be able to identify and differentiate between the when a cell is injured cells and VBNCor when in a state of cellsVBNC. VBNC cells are characterized as being able to maintain membrane integrity, and possess while exhibiting low gene expression as well asand reduced metabolic activity ; but the . However, in this state the cell’s ability to create colony forming units (CFUs) formation), the golden standard of characterizing cell viability, is inhibited [Ayrapetyan, and Oliver, 2016]. Suitable environmental conditions may leadhave been shown to recoveryrevive cells out of the VBNC cellsstate [Ramamurthy et al., 2014]. In contrast to VBNC cells, sublethallysub-lethally injured cells can still multiplyreplicate and form CFUs but they do so very slowly and ononly when provided with more nutrient rich, non-selective growth media [Li et al., 2014]. Under suitable conditions, a repair process may occur which leads to normal growthAfter being exposed to more suitable conditions, the cell recovery mechanisms activate and can restore the cells’ ability to function and grow normally again [Espina et al., 2016]. 	Comment by MB: I would shortly insert the commonly used along with novel methods which quantify bacterial viability in this way – culturing techniques. propidium monoazide (PMA) dyes applied in qPCR/PCR reactions, MS-based electronic noses, etc.	Comment by MB: The inability to replicate does not equate to the nonexistence of microbes in a sample: you state the inconclusive nature of it in the next sentence. 

I would rewrite as: “Commonly used microbiological methods to detect bacterial viability depend on quantifying biochemical reactions, replicated colony forming units or other cell components. When replication of these units, reactions, or cells does not occur, this generally indicates that there are no viable cells in the sample.  	Comment by MB: Rejuvenating nutritive and environmental conditions. 

I suggest listing a few examples. Enhanced nutrition access, returning to ideal temperature or pH ranges, etc.
The 
1.3 PEF factors which influence VBNC bacterial cells: The ability of PEF on cellsto influence cell viability depends on three main factors: 1- parameters and their sub-parameters: 
1) The electrical parameters, which include: the electric field strength and treatment duration,; pulse number and amplitude as well as  pulse width and shape,; pulse frequency and unipolar or bipolar mode of pulses.  In addition, the electrode configuration, treatment chamber geometry as well as continuous or batch treatment affect cell viability [Raso et al., 2016; Donsì et al., 2005]; 2- 
2) [bookmark: _Hlk53431687]The targeted cell type, including: eukaryote or prokaryote, genus, species, and if they are in a vegetative or spore state [Pillet et al., 2016];, along with cell growth phase, size, shape, orientation in the electric field and cell concentration [Raso et al., 2016]; 3- 
3) Treatment medium: and its composition, pH, temperature, and conductivity values [Raso et al., 2016; Álvarez et al., 2002]. The outcome of the these factors may lead	Comment by MB: Composition of nutrients? Unclear. You list only medium properties but not components. 
After PEF treatment the combination of these parameters influences cell susceptibility to reversible membrane permeability for a period of time until the membrane returns to its original state: or, certain combinations lead PEF treatment to irreversible permeabilization and even cell death [Raso et al., 2016; Mahnič-Kalamiza et al., 2014]. 
It was previously reportedResearch indicates that Gram-positive bacteria aremay be more resistant than Gram-negative bacteria to PEF treatment. (REFs). It was suggested that the thick peptidoglycan layer of a Gram-positive bacteria protect them from PEF damage [Schottroff et al.,2017; Hülsheger et al., 1983]. However, after testing several types of Gram-negative and Gram-positive bacteria, García et al. (2005) reported on different sensitivities of Gram-positive and Gram-negative bacteria to PEF treatment, which was correlated tothat the pH of most PEF resistant bacterial types depended on the medium. pH. This research group found the Gram-negative bacteria Escherichia coli O157:H7, Gram-negative bacteria exhibited higher resistance to PEF treatment at pH 4, while Gram-positive Listeria monocytogenes possesspossessed higher resistance to PEF treatment at pH 7 [García et al., 2005]. Due to their larger sizecell sizes, yeasts are more sensitive to PEF than Gram-positive bacteria. However, theyyeasts are more resistant to PEF effects than Gram-negative bacteria, probably bydue to the enrichment of S-S bonds in the yeast walls that seem to stabilize the cells against PEF [Shamtsyan, 2012]. Thus, it is important to understand the impact of the cell wall on the electroporation process and is a major focus of the proposed research.	Comment by MB: Disulfide bonds? S-S is unclear. 
	Comment by MB: This reference did not mention the stabilizing effects of S-S or disulfide bonds in yeast membranes. Please revise.

Thus, it is important to understand the impact of the cell wall on the
1.4  Irreversible electroporation process.

applications: The application of irreversible electroporation technology for bacterial disinfection was reportedhas been widely employed in industries involving water purification and for the disinfection of liquid food industry.-based foods. This technology is considered a "clean" method not accompanied by heating,which does not use heat and thereby also does not change food taste, flavor and, or color [Evrendilek et al., 2013; Sobrino-López and Martin-Belloso, 2009; Amiali et al., 2006; Puertolas et al., 2009]. In addition, irreversible electroporation washas been shown to be useful for the extraction of molecules from cells. For example, in Gateau et al. 2020 extractedthe team used PEF to extract 46% proteins of the total protein amount of proteins from the microalga Haematococcus pluvialis. This was done under a field strength of 1 kV cm-1 and was mostly a majority of the extraction occurred within 5 min after the PEF treatment (Gateau et al. 2020). In another study, Pankiewicz et al. 2020 enriched the probiotic Lactobacillus rhamnosus B 442 bacterial strain with calcium ions underby applying a PEF electric field strength of 3.0 kV/cm. The calcium-enriched L. rhamnosus B 442 was used to prepare ice creamicecream with a high content of protein, carbohydrates, and fat, along with creating the lowest melting rates (Pankiewicz et al. 2020). Reversible electroporation was also used for lipid extraction from the green algae Chlorella pyrenoidosa (Han et al. 2019).	Comment by MB: Compounds? Not just molecules…	Comment by MB: Throughout the text, stay consistent in using kV cm-1 or kV/cm

1.5 Modeling of reversible electroporation in bacterial cells.: The molecular mechanisms of PEF which lead to membrane permeabilization, are have not been entirely clearelucidated. However, experimental, and theoretical studies have demonstrated the formation ofthat PEF forms pores in the microbial lipid bilayer membrane. Relatively simple models are based on dynamic modelmodels of diffusion-driven transmembrane transport, caused by electropermeabilization. (Pucihar et al., 2001; Puc et al., 2003; Henslee et al., 2014; Tylewicz, 2020). Puc et al. (2003) presented a pharmacokinetic model of diffusion-driven transmembrane transport of small moleculeswhich described how transmembrane transport, caused by electropermeabilization, allows for the study of molecule uptake as a function of elapsed time, voltage and pulse duration small molecules. Specifically, they showed where the permeabilization process was divided into a short permeabilizing phase that takes place during the pulse, and a longer resealing phase that begins after the end of the pulse. The model describes well the transmembrane transport caused by electropermeabilization, allowing to study the uptake of molecules as a function of elapsed time, voltage and pulse duration. 	Comment by MB: Of what and which model what?	Comment by MB: Sentence is unclear. I attempted to break it into two sentences to enhance clarity but still, the second sentence needs to be re-structured for the reader to understand the role of small molecules.
The most influential factor in the basic process is the transmembrane potential difference induced by the electric field. (REFs). The basic models used the spherical shape cell approximation to analytically find the induced transmembrane potential difference analytically.(REFs). More comprehensive models that provide an extensive view of the pore formation process are the molecular dynamics (MD) simulations and the continuum model. (REFs). Although MD ismodels are a powerful tool for studying systems on the molecular level, ittheir use is limited by its associated costs involved in high computational cost.requirements. (Rems, 2017, 2019). The continuum models describe the electric field, flow field, and temperature distributions in a pulsed electric field (PEF) treatment chamber by solving for the continuity, momentum, energy and electric field equations of different geometries. (Salengke et al., 2012; Knappert et al., 2020).	Comment by MB: As described by which references?
	Comment by MB: Basic process of what? PEF-induced membrane permeabilization process? Please specify, it is unclear.
	Comment by MB: Basic models of what? Please specify. Unclear. 
	Comment by MB: Why? What do they include that the basic models do not? Please specify. 	Comment by MB: Associated with monetary or memory costs? Please specify.
The modeling effort in the proposed study is attempts to develop a model based on developing a continuum model by using numerical simulationsimulations to calculate the local treatment conditions (electric field strength, temperature, flow field) inside a treatment chamber based on, as described in the recent study by Knappert et al. (2020) model.). Such a model will allow for a more basicfundamental understanding in the design of the experiments and the analysis of their results. Furthermore,. In addition, we will apply the dynamic model described in Puc et al. (2003) dynamic model approach will be adoptedin order to analyze the experimental results and to find parameters that influence the flow between intracellular and extracellular space, such as the membrane opening size (Puc et al. (2003)).   	Comment by MB: Which experiments and which results? Laboratory or pilot-based experiments? How would the results be more accurate or complete via this approach?
In the theoretical partportion of the presenceproposed study a kinetic model of the electroporated cells will be developed. The model will describe the fraction of the electroporated Gram-negative as well asand Gram -positive bacteria as a function of the electric field strength and onwhich will also include experimental examination of rate permeabilization of hydrophilic and hydrophobic molecules with different MW.molecular weights (MW). The model will also describe the pore size until resealing of the bacterial cells. The suggested model is based on the continuum model by using numerical simulation to calculate the local treatment conditions (electric field strength, temperature, flow field) inside a treatment chamber based on the work of Knappert et al. (2020). The model will be implemented in a CFD simulation using the COMSOL® Multiphysics numerical tool.® modeling software, an interactive environment for modeling and simulating scientific and engineering problems. The model will be developed in conjunction with the experimental work to find the most appropriate parameters in the model.	Comment by MB: Introduce term before stating acronym. What is CFD?	Comment by MB: Computerized/theoretical/numerical models? Please be specific. 	Comment by MB: In order to achieve what? 
72. Research Objectives & Expected Significance
2.1.2 Research objectives & expected significance
 Research goal: Development a bacterialThe overall research goal of this study is to develop a reversible electroporation model of bacteria based on rate permeabilization measurements of hydrophilic and hydrophobic molecules in a moderate electric field. 	Comment by MB: On the cell membrane? Inside the cells? Be specific
2.2. Research objectives: 
1- Examination. To examine the permeabilization rate of hydrophilic and hydrophobic molecules followed after exposure of Gram-negative bacteria  to PEF treatment in a moderate electric field (1-4 kV/cm) and variable physical parameters (e.g., pulse number, current density and total specific energy). 	Comment by MB: On the cell membrane? Inside the cells? Be specific
	Comment by MB: compounds	Comment by MB: Be specific as to which ones. You will be using a few as model Gram-negative bacteria, not testing all types. 
2. To investigate the permeabilization rate of hydrophilic and hydrophobic molecules after exposure of Gram-positive bacteria to PEF treatment in a moderate electric field (1-4 kV/cm) and variable physical parameters (i.e. pulse number, current density and total specific energy; 2-Examination of permeabilization rate of hydrophilic and hydrophobic molecules followed exposure of Gram-positive bacteria to PEF treatment in a moderate electric field (1-4 kV/cm) and variable physical parameters (i.e. pulse number and duration, current density and total specific energy; ). 
3-.  Analysis ofTo analyze the bacterial proteome during the reversible electroporation;  	Comment by MB: Which parts will you focus on and why? Using which method(s)? 	Comment by MB: During? Please ensure that you did not mean “after”, or “analyze the effects on the bacterial proteome after reversible electroporation application”
4- Development a bacterial. To develop a reversible electroporation model for bacteria by describing: the kinetics of pore formation and size,; kinetics of pore resealing,; and the transport affinity of hydrophilic or hydrophobic molecules across the pores and thetheir effect of the bacterial cell wall. The . 	Comment by MB: I separated this objective out because you all are trying to both develop a model and validate with experimental results. 	Comment by MB: compounds	Comment by MB: Be specific what you mean here. How cell wall components/permeability/etc. stabilize against the effects of PEF? 
5. To elucidate the parameters of the dynamic model which will be found from the experimental results. Furthermore, theoretical study is to build by building a full numerical simulation for the temperature, flow and electric fields distributions within the batch PEF treatment chambers using a Computational Fluid Dynamic (CFD) software. The predicted values and the experimental data will be compared to demonstrate the validity of the proposed model.	Comment by MB: It is unclear if the dynamic model = theoretical study. Please differentiate between them or state more clearly that there are two stages to the described modeling process. 
2.3 Expected significance: The main motivation in developing electroporation models is to evaluate and analyzedanalyze the experimental results, to predict experimental outcomes, and to use thethese models for the optimization of experimental protocols. For such purpose, theTherefore, these models need to enable prediction ofaccurately predict the physical quantities that are accessible by experimental measurements. 	Comment by MB: Of what?
AThe ability to create reversible electroporation of relatively small and large molecules  is an important method ininvolved in many fields including:  bioremediation of recalcitrant environmental polluted molecules and for effective; molecule extraction molecules from bacterial cells. A reversible electroporation of large molecules is effective in; and genetic engineering processprocesses. In addition, such a model will provide a basic theoretical understanding of processes that are involved in the PEF technology. Furthermore, it will be ruledour work attempts to rule out the possibility of a thermal effect on the results.	Comment by MB: Define in parentheses what you consider small here (<XX> MW)	Comment by MB: Compounds?	Comment by MB: Environmental pollutants? Unclear if you all are trying to describe the molecules as polluted or the method as a way to bioremediate environmental pollutants. Please clarify. 	Comment by MB: On the bacterial cells? Please clarify. Also state shortly how your experimental design will rule this out. 

7.1.3. Detailed description of the proposed research
7.1.3.1 workingWorking hypothesis	Comment by MB: This is not a description of a hypothesis. A hypothesis has a quantifiable yes or no answer to a specific question (something that can be proven). 

Please revise to be one or two sentences. The first sentence describes the problem/background. The second sentence describes what you all think will happen based on the parameters you apply. 

This section can be moved to the beginning description of the research section.

Here is a relevant example for you all due to the fact that you are wanting this grant to explore parameters but do not know the outcomes yet:

“Different Cannabis extracts possess differing phytocannabinoid compositions. Therefore, we hypothesize that specific Cannabis extracts will have differential antitumor effects on the Notch-pathway in T-ALL leukemias.  We intend to identify differing Cannabis extracts and to classify their effects on the Notch-pathway according to their phytocannabinoid content and the target cells’ genetic and proteomic profiles.”

1-: Pore formation and resealing in electroporated-mammalian, plant, yeast and bacterial cells is aare well know phenomenon; 2--known phenomena. The existing models describing electroporation are mostly based on mammalian cells or artificial membranes; 3- Part of the. Some models are based on theattempt to characterize permeabilization ofusing fluorescent dyes (mostlylike propidium iodide (PI))) applied to the electroporated target. WhereHowever, the transport of PI is also influenced by many factors, such as the cell physiology state and the medium composition; 4-. The bacterial cell wall, its small size compared to mammalian cells, and the bacterial cytoplasmic membrane composition, may influence on the pore formation and resealing; 5-. Exposure of bacterial cells suspended in a bufferphosphate buffered saline (PBS) solution applied to PEF-treatment may lead to pore formation however. However, transferring the treated bacteria to a more nutrient-rich medium (such as brain heart infusion medium (BHI) may lead to cellsenhanced chances of cell recovery and pore resealing; 6- pore. Pore resealing may occurredoccur within a minute to hours; and yet the pore size and its affinity to hydrophilic or hydrophobic molecules until resealing is not well understood; 7-. The treatment chamber space domain is considered to be a continuum media where the laws of physical conservation laws can be implemented; 8- (REFs). Based on the collected data on the permeabilization rate of hydrophilic and hydrophobic molecules to electroporated Gram-positive as well as Gram-negative bacteria, in a moderate electric field (1-4 kV cm-1) and variable physical parameters, we will be able to develop a dynamic model of diffusion transmembrane transport.  in a moderate electric field (1 – 4 kV cm-1) with varying physical parameters.	Comment by MB: Consider changing this or adding “properties” here. 	Comment by MB: Was designed to be…?

7.1.3.2  Research design & methods 	Comment by MB: This whole section lacks numbers relating to replicates and replications along with differentiating between pilot-scale calibration experiments vs. the principal experiment. 
A-3.2.1 Examination of the pore size and the time for resealing time in electroporated Pseudomonas putida F1 (Gram-negative bacteria).: The experimentexperimental conditions, 1- Bacterial are described as follows. A bacterial suspension of P.Pseudomonas putida F1  (6899 DSMZ, Germany) will be exposed to a pulsed electric field (PEF) of about 1-– 4 kV cm-1 with a frequency of 100 Hz, square pulse shape, with a duration of 10 µs. And withPulse variation of the pulses number of between 1,000 to 10,000 in a continuous series of trains which include 500 pulses each. will be applied. The duration of a train iswill be 5 s with a 2 s interval between the trains. The trains will deliverbe delivered in a polar mode. 2- 	Comment by MB: Why did you all specifically choose this species and strain as a model? Reference and shortly describe why this is the bacteria you chose. 
P. putida F1 will suspendsuspended in PBS which iswill be diluted in ultra-pure (UP) water (0- – 24.22 mM PBS), leading) which leads to current densities of between 0.02± ± 0.01- to 5.2± ± 0.1 A cm-2. The conductivity before adding the bacteria ofin the UP water and PBS iswill be 1 and 155-–4058 µS cm-1, respectively. 3- Immediately after the PEF treatment of the bacterial suspension ininto PBS (4four different conductive solutions) with the different current densities, the treated bacterial suspension will be diluted ininto brain heart infusion (BHI)), a rich medium containing. The BHI medium will contain: a- the) a fluorescent dye, Lucifer Yellow (457.25 Da) ), in an attempt to receive a crude information on the pores duration until revealing; b-) hydrophobic moleculescompounds from one aromatic hydrocarbon to 10 rings which include 7 aromatic hydrocarbon and 3 rings of 5 carbons (Benzene, Naphthalene, Anthracene, Pyrene, Benzowhich include benzene, naphthalene, anthracene, pyrene, benzo[e]pyrene and Decacyclenedecacyclene with molecular weightweights of 78.12, 128.174, 178.23,  202.256, 252.3 and 450.5 g/mol, respectively);; c-) and relatively hydrophilic molecules (Phenol, Bisphenolcompounds including phenol, bisphenol A, Ellagicellagic acid, Epigallocatechinepigallocatechin gallate, Procyanidinprocyanidin B2 and Theaflavintheaflavin-3-gallate with molecular weightweights of 94.11, 250.275, 302.197, 458.372, 578.52 and 716.604 g/mol, respectively) (each. 	Comment by MB: PEF currents? Electrical currents? Unclear. 	Comment by MB: Unclear. If this is an important parameter range it should not be in parentheses. 	Comment by MB: Which was shown to be effective at reviving P. putida? Please specify. 	Comment by MB: Insert in parentheses the manufacturer name and location. 	Comment by MB: This sounds like a disclaimer. How is it quantifiable if it is crude? Did you mean, “basic”? How would adding a fluorescent dye to the medium add information in this way? It is unclear if it stains the pore openings/membranes/or enters the cell. Please clarify. 	Comment by MB: Duration of what? How long they stay open after PEF treatment? 	Comment by MB: Revealing what? Did you mean “resealing”? 
Each of the mentioned moleculesaforementioned compounds will be examined in PEF-treated bacteria suspended in four different PBS concentrations). . It is important to note that most of the chosen hydrophobic and hydrophilic moleculescompounds are considered as environmental contaminatedcontaminants and were reported to be biodegradable. Where part. Part of thethese molecules are characterized by slow biodegradation rate rates (Fernández-Luqueño et al., 2010 to add to references). The control of these experiments will be done with non-PEF treated suspensionsuspensions of P. putida F1 in correspondedcorresponding physical and environmental parameters. The measurements: 1-	Comment by MB: This sentence is very unclear. How (using what methods)? When (immediately after PEF-treatment?). Do you mean that the compounds are intended to be absorbed into the cells or onto the membranes? It is unclear	Comment by MB: What will be the concentration ranges and why did you choose them? 	Comment by MB: By which/what?

3.3.2 Methods and Calculations: After the suspension of the PEF-treated bacteria in the BHI, the permeabilization rate of each molecule will be examined using High Performance Liquid Chromatography (HPLC in different) at differing time intervals (for example every 15 min) until the permeabilization rate will be decreasedreduce to zero (the. The measurements will be conducted inon the supernatant). 2-. To understand the level of the bacterial enzyme activity during the pore formation and resealing, the degradation rate for two selected moleculescompounds (hydrophobic and hydrophilic) will be examined. For this, the bacterial sediment will be extracted using a sonicator (name, version, manufacturer, location) and the intermediate metabolitemetabolites will be measured using HPLC. 3- The colony forming unite (CFU)CFUs will be examined immediately after the suspension in into BHI and at the same intervals as described in paragraph 1. 4- . 	Comment by MB: After the transfer of PEF-treated bacteria into BHI…?	Comment by MB: Why choose HPLC vs. the newer methods to quantify this? Is this standard? If so, please add reference(s). 	Comment by MB: Of what? 	Comment by MB: This is unclear. What part of the bacteria are you attempting to extract? All of the bacterial parts after sonication?
	Comment by MB: Which are defined as when/what/after or before what?	Comment by MB: CFUs cannot be examined immediately after suspension. In most bacteria, it generally takes 24-48 hours to see visible colony forming units. Did you mean that samples will be taken from the BHI and applied to nutrient agar plates for later quantification, validation, and correlation with CFU counts? How will you all attempt to correlate quantifying CFUs in comparison to what? Also How many replications will be performed? 	Comment by MB: Transfer of what into BHI?	Comment by MB: Describe the section this is described in (e.g., section 3.1), the paragraph does not make sense. 
The total specific energy (WT) will be calculated as described earlier in the work ofresearch performed by Raso et al. (2016). CalculatingEquation 1 calculates the specific energy input per pulse (W); see Equation 1.). The W is the integral over time of the recorded pulse shape of voltage and current that was measured on the treatment chamber during the pulse (τ).	Comment by MB: Of what? Which samples? 	Comment by MB: Not “in”?

Equation 1:                                        

where m is the sample mass, U(t) is the voltage, and I(t) is the current measured on the PEF chamber during load pulse (τ). The total specific energy (WT) for each treatment waswill be determined (in Eq. 2) by multiplying the pulse number (n) with specific energy per pulse (W).	Comment by MB: Not “in”?

Equation 2:                                          
     
B- SameThe same experiments as performed with P. putida F1 will be done with Staphylococcus aureus, a Gram-positive bacterium (25923- ATCC, USA).  
C- To understand the influence of the bacterial cell wall on the electroporation kinetics, the permeabilization of 2 selected molecules (a two select compounds, one hydrophilic and one hydrophobic) to mammalian cells , will be examined……..  	Comment by MB: In or on the protoplast of the bacterial cells? To ensure that the compounds entered the cell?

This sentence does not make sense. Please clarify. 
D- To shed light of the  to protoplast bacterial stress condition during the electroporation process analysis of the proteome will be conductedcells (P. putida F1 and S. aureus). The peptidoglycan will be digested using murein hydrolases where the commonly used enzyme is the hen egg white lysozyme. Since the outer membrane of Gram-negative bacteria mostly prevents entry of enzymes towered the peptidoglycan, these types of cells require pre-treatment with a chelating agent (e.g. EDTA) or detergent (e.g. Triton X-100) for removing the outer membrane [Salazar and Asenjo 2007]. The protocol for preparing protoplast is described by Figueroa et al., 2018. 
E-To understand if and how bacterial pore resealing occurs following the electroporation process, analysis of the proteome will be conducted. At selected times, electroporated bacteria and the control, non-treated bacteria will be collected and centrifuged.  The proteins from the washed sediment will be sonicated and treated with urea, ammonium bicarbonate, and DTT as described in our previous study (Emanuel et al, 2019).  Mass spectrometry analysis will be performed at the Smoler Proteomics Center at the Technion, Israel. Details of this processes are described in Emanuel et al., 2019. The data will be quantified by label-free analysis using the same software, based on extracted ion currents (XICs) of peptides, thus enabling quantification from each LC/MS run for each peptide identified in the experiments.

3.3.3. Development the bacterial electroporation model.  
The presented theoretical work is aimedaims to build a numerical simulation of cell permeabilization by Pulsed Electric FieldsPEFs. The governing equations are based on the conservation equations for mass, momentum, energy and charge (Knappert et al., 2020). The model: The is composed of the conservation equation for mass, momentum, energy, electric potential electric and the transport equation for the activity of passive biological tracers areas detailed in Eqs. 3 through 7, below: 
Equation
Equations 3-7:                                          	Comment by MB: Label each equation separately and name each according to what you described above. Equation 3, Equation 4, Equation 5, etc. 

	

	

	

	

	

	

	

	

	

	



where t is the time, u is the fluid velocity vector,  is the fluid density, p is the pressure, is the fluid dynamic viscosity and g the vector of gravitational acceleration,. cp is the heat capacity of the fluid, T the total temperature and k is the fluidsfluid thermal conductivity, and Fp the permeabilized cells population fraction (activity of passive biological tracers). The term e represents a source term for the internal energy.

Equation 8:
	



where  is the electricelectrical conductivity of the fluid and E represents the local strength of the electric field. The electric field can be computed from Eq. 9:

Equation 9:
	

	


The source term for the fraction of perforated cells isFp. It is a function of the electric field strength and the treatment temperature and will be derived from experimental data. The numerical tool which will be employed is a commercially available CFD software package (COMSOL Multiphysics®). It is used to solve numerical 3D transient models by calculating the temperature response in place and time.
The numerical tool: A commercially available CFD software package (COMSOL Multiphysics) is applied to solve the numerical 3D transient model calculating the temperature response in place and time.

7.1.3.3
4. Preliminary resultsResults
[bookmark: _Hlk531724769]7.1.3.34.1 Design and construction of the electroporator: A high voltage generator which was adjusted was set to administer an electric field between 100 V and 3000 V was used to apply an electric field on the bacterial suspension. The produced voltage pulses were under the control of a Synthesized Function Generatorsynthesized function generator. To obtain the current ICH value, the voltage UR at a resistance R=1Ω was connected in series to the current circuit (ICH=UR/R) (Figure 1A). Current density was calculated in accordance with cross section S (JCH=ICH/S).	Comment by MB: Which bacteria, what was the concentration, in what suspension was the bacteria in, and how long was the voltage applied to the suspension? 	Comment by MB: Insert in parentheses here the device name, version, manufacturer, and location.
4.2 Construction of the electroporator chamber: The electroporateelectroporator chamber was made from two stainless-steel plates, each with a thickness of 3 mm, the dimensions.  Dimensions are shown in Figure 1B.                                                                                                                                                         
[image: ][image: ]	Comment by רבקה כהן/Rivka Cahan: גדי- צריך להגדיל כיתוב צירים
גדי: מנסה על המקור	Comment by MB: The values in the figure on the right need to be enlarged to show the measurement values more clearly. Crocodile hook area
A
B
Liquid sample

Figure 1.  Schematic drawing of (A) the experimental arrangement (electronic circuit) (A) and (B) the electroporator chamber (B).
7.14.3.3.2 Total specific energy and the Heat Transfer Modelheat transfer model: To figure outinvestigate the possibility of apossible thermal effecteffects on the results, energy balance and heat transfer analysisanalyses were performed to find the temperature distribution during the PEF treatment. The measurementsMeasurements were donetaken for the highest conductive sample (1050 µS cm-1). The current and electrode potential were measured during the PEF treatment. The measured current and potential measurements are shown in Figure 2A. 	Comment by MB: Results of what? Bacterial viability? Be specific. 	Comment by MB: In the medium/liquid sample? Be specific. 
The total specific energy (WT) was calculated using Equation 1Eqs. 10 and 211. The W is the integral over time of the recorded pulse shape of voltage and current that was measured onin the treatment chamber during the pulse (τ).	Comment by MB: Should be labelled in line with the previous equations in the text. 

	Equation 110:
	
	               Equation 211:
	



where m is the sample mass, U(t) is the voltage, and I(t) is the current measured onin the PEF chamber during load pulse (τ). The total specific energy (WT) for each treatment was determined (in Eq. 2)  by multiplying the pulse number (n) with the specific energy per pulse (W). The total specific energy for the highest conductive sample (1050 µS cm-1) was found to be 224 kJ kg-1. This value was used as the heat source for the heat transfer modeling. The temperature response in the system was calculated using COMSOL Multiphysics® numerical software [(COMSOL Multiphysics, Documentation for COMSOL®, Release 5.4, (2019). http://www.comsol.com.]manufacturer, location) (Available at: http://www.comsol.com).. The calculation was doneperformed using Eq 3-4Eqs. 12 and 13. The 3D transient heat transfer model was based on the electrodes’ domain, the heat convection at the electrodes’ boundaries and on the conduction heat transfer in the bacterial suspension. The heat generation source term was taken from the total specific energy calculations. The initial temperature of the bacterial suspension and electrodes) was 22C. 	Comment by MB: Equation 2 in the methods section or equation 11? Please clarify. 	Comment by MB: To represent?	Comment by MB: Details should be written earlier in the text, the first time it was mentioned: no need to repeat here. 	Comment by MB: Conduction heat transfer values?

	Equation 312:
	

	Equation 413:
	




where T is the temperature in the space and time T(x,y,z,t),). q''' is the heat source (W m-3),  is the heat diffusivity, and  is the heat conductivity ( = for the electrodes, or s for the sample). As a boundary condition, convection heat transfer at the electrode walls werewas applied, where  is the convection heat coefficient and is the ambient temperature. The temperature mapmap after 70s70 s is presented in Figure 2B.	Comment by MB: For every equation parameter stay consistent in the font – I suggest “Cambria math”. 	Comment by MB: Are the temperature values set to °C? Specify if they are dimensionless or not in the text or figure. 	Comment by MB: In the figure 70 s has a space. Stay consistent in maintaining a space between the 70 and s.

	[image: ]A

	[image: ]B



Figure 2.  Potential and current time response during a pulse for two cases of opposite polarities . (A) Voltage input (     );  Voltage output ( - - - ); current output (       ) (A). ). (B) Electrode sample system’s temperature map after 70 s operation time (B).. 	Comment by MB: In order to not hassle with formatting these lines upon constant draft changes, you can re-write as: Blue line represents the voltage input; dashed blue line is the voltage output; and red line is the current output. 
It emergedwas found that after an operation time of 70s70 s, the average temperature in the sample was approximately 35 C. The temperature predictions using the COMSOL Multiphysics numerical software were consistent with the experimental measuringmeasurements using a temperature probe (Thermocouple). 	Comment by MB: ± X ?	Comment by MB: Insert name of manufacturer, version (if relevant), and location. 
7.1.3.3.34.4 Effect of the solution conductivity on bacterial viability 
[bookmark: _Hlk531755272]: P. putida suspensions in DI water as well as in different PBS concentrations were exposed to electric fields of 4.0, 2.8, 2.0 and 1 kV cm-1. The PEF-treated suspension was suspensions were incubated at 37ºC37 ºC for 1.5 h, followed by viable count analysis. Data shown for. The electric parameters applied to the bacterial suspensionsuspensions that waswere treated by 1 kV cm-1 (the electric parameterswere as follows: square pulse shape with duration of 10 µs and frequency of 100 Hz. and 5000 pulses which were performed by a continuous polar series of trains, each train consisting of 500 pulses. Each train duration was 5 s with a 2 s interval between each train) (Figure 3A). The first and the second columns represent the CFU mL-1 of the bacteria that were suspended in DI water without PEF-treatment (control) and with PEF-treatment, respectively. The rest of the columns represent samples of bacterial cells suspended in different PBS concentrations (correlated to current density densities of 0.5, 1.2, 3.1 and 5.2 A cm-2) that were exposed to PEF-treatment. As can be seen in Figure 3A, there is a linear corralationcorrelation was found between the bacterial viabiliy and the current density (as well as; and with the bacterial viability with the total specific energy). . This phenomenon was also ovserevedobserved when the cells were exposed to 4.0, 2.8 and 2.0 kV cm-1 (data not shown). 	Comment by MB: Specify concentration ranges and how many. 	Comment by MB: Why present in descending order?	Comment by MB: Using which method(s)?	Comment by MB: Applied?	Comment by MB: Where? In what figure?	Comment by MB: O.D.? What were the density units? Are you describing the PBS concentration densities or PEF electric current densities? Unclear. 	Comment by MB: Shortly describe what is the significance of these findings. 	Comment by MB: Moderate? Slight? Significant? Insert R-value and p-value. If no statistical analyses were performed, the term “correlation” should not be used. 
7.1.3.3.
4.5 Bacterial membrane permeability and relative cell size as a function of current density 
[bookmark: _Hlk531756011]: P. putida F1 bacteria were treated with an electric field intensity of 1 kV cm-1 (physical parameters as described in section 7.1.3.3.3.3.3), followed by incubation of the bacterial suspension at 37ºC for 1.5 h and the addition of PI for 5 min at 37ºC. The samples were subjected toexamined via flow cytometry (FCM) and the membrane permeability of about 50,000 cells was examined. The histograms of cell number as a function of PI fluorecence intensity showshowed that increasing the current density led to an increase in cell populations that were PI positive (Figure 3B). The percentage of PI -positive cells in the untreated samples (control) was 10± ± 0.9%. PI permeability at the lowlower current density (of 0.02± ± 0 .01 A cm-2) was found to be 14± ± 0.9%. These results indicated that there is no significant change in cell permeability inat the low (0.02 ± 0 .01 A cm-2) current density compared to the control. At a current density of 1.2± ± 0.1 A cm-2, PI permeability was 53± ± 5.1% and at the maximum tested current density (5.2± ± 0.5 A cm-2) permeability was 65± ± 0.3% (Figure 3C). In conclusion, a linear correlation was found between increasing current density and bacterial cell permeability. This phenomenon was also observed in anthe electric field ranges of 2.0, 2.8 and 4.0 kV cm-1 (data not shown).	Comment by MB: Revise section name/number	Comment by MB: How much?	Comment by MB: What concentration?	Comment by MB: How many?	Comment by MB: Counted cells? What was the technology or software you all used to estimate this and what was the error rate? Please specify 	Comment by MB: Average ± XXX cells/mL. 	Comment by MB: Which indicates…..	Comment by MB: Membranes have permeability, PI does not. I think you mean PI-positive cells were found to be XXX at the lower current density of XXX…?	Comment by MB: As calculated by which statistical tests?	Comment by MB: See comment above	Comment by MB: State R-value and p-value
[bookmark: _Hlk531756306][bookmark: _Hlk531756479][bookmark: _Hlk531756557]Bacterial relative cell size as a function of current density is shown in Figure 3D. The PEF-treated and untreated cells were stained with PI. Each examined sample included about 50,000 cells, so that the area under each curve was equal (except the upper curve that represent only the PI stained cells). The overlay offset graph shown in Figure 3D presents the different scattering of P. putida F1 cell size under PEF treatments relative to untreated cells. As shown, the peak of the curve of the untreated sample (control) is ~2X104was shown to be approximately 2 × 104 FSC (blue line). The peak of the majority of the PEF- treated cells shifted to the right, indicating an increase in cell size (red, green and purple line) relative to the control (blue line). 	Comment by MB: Curve of what? This sentence does not make sense. 	Comment by MB: What is “FSC”?	Comment by MB: Peak of what?	Comment by MB: Approximately how many? How did you estimate this?	Comment by MB: And how does increasing cell size relate to the parameters/experiments above? Unclear. 



[image: ]	Comment by רבקה כהן/Rivka Cahan: להןסיף כוכביות
וטבלה כמו במאמר 2, מתחת לציר X	Comment by MB: Yes this is important. Also, I would move these figures to between section 4.4 and 4.5. A lot of discussion of these figures are already presented in section 4.4.

All sub-figures (A,B,C,D) need a small description of X and Y-axes. A
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[bookmark: _Hlk531755382][bookmark: _Hlk531756376]Figure 3. Viability, pemeability and relative cell size of PEF- treated P. putida F1 as a function of current density. Viability (of bacterial cells were calculated in CFU mL-1) (A). Membrane. P. putida F1 membrane permeability was examined using flow cytometry. (A)  A histogram of cell number as a function of propidum iodide (PI) fluorecentfluorecence intensity.  (B) PI -unstained cells (control) -are in gray; PI -stained cells (control) -are in blue; PEF -treated cells (PI stained) after application with a current density of  0.02 A cm-2 -are in purple;  current density of 1.2 A cm-2 -in green; and 5.2 A cm-2 –in red (B); . (C) The percentage of PI positive cells (C); (for figures. In subfigures A and C, the first column (control) and the second column (0.02 A cm-2) represent bacterial cells suspended in DI water without PEF treatment and PEF-treated cells, respectivly. after application with a PEF current density of 0.02 A cm-2, respectively. The columns 0.5- – 5.2 A cm-2 represent bacterial suspension in solutions with ioninic strangthsionic strengths of 2.42- –  24.22 mM.  P value (T-test): P <p < 0.05 - *, P < 0.01 - **, P <= *; p < 0.001 - ***);  = ***);  (D) P. putida F1 relative cell size as was mesuredmeasured using flow cytometry. Untreated cells (control) -are indicated in blue; PEF-treated cells treated with a current density of 0.02, 1.2 and  5.2 A cm-2 –are as displayed in purple, green, and red line andlines, respectively; only PI -positive stained cells -are in solid red (D). 	Comment by MB: Using which method and on what media?	Comment by MB: X-axis describes….y-axis describes…..	Comment by MB: In figure A, only?	Comment by MB: In the treated and un-treated cells you used red twice. It is confusing
7.1.3.3.5
4.6 Viability of PEF-treated P. putida as a function of suspension in a rich medium, BHI medium and PBS: In this experiment, the P. putida and S. aureus bacteria in PBS (P. putida as well as S. aureus. were…. Data are shown for P. putida where similar results were found with slight different differences that were observed for S. aureus) were when exposed to PEF treatment (of 2.9 kV cm-1 and at a current density of 3.4± ± 0.1 A cm-2) (physical. Physical parameters asfor these experiments were described in section 7.1.3.3.3.3.3.  	Comment by MB: Compared to PBS?	Comment by MB: Were transferred to a BHI medium? Something is missing here. 

Also, how many samples were taken, when, and how much suspension was transferred from the samples to the medium? How long were they incubated for? If previously described, cite the section. 	Comment by MB: Where is this data shown? 	Comment by MB: Ambiguous. Specify quantitative and/or at least qualitative values (larger, smaller, similar, enhanced…etc.). 	Comment by MB: One slight difference or slight differences?	Comment by MB: Voltage value? If so, specify. 	Comment by MB: Revise section title. 
[bookmark: _Hlk32943721]TheA PEF-treated bacterial suspension (0.02 OD 600 nm) was divided into 3three 100 µL portions each of 100 µL. The first portion, was transferred to XXX (time '0') immediately after the PEF treatment was examined forto examine bacterial viability (in CFU mL-1 (time '0'). ). The second portion was suspended ininto 900 µL of 0.54 mM PBS and designated as PEF-treated bacteria in PBS, while the third portion was suspended ininto 900 µL BHI and designated as PEF-treated bacteria in BHI. The same procedure was performed on bacterial suspensions that were not exposed to PEF treatment, and designated as non-treated bacteria in BHI and non-treated bacteria in PBS. (control). The PEF-treated and non-treated bacteria were incubated for 24 h at 37ºC, and at indicated times during 24 h, a viable count assay was performed. (Figure 4A). 	Comment by MB: When taken? 	Comment by MB: Which bacteria?	Comment by MB: How many replicate samples were taken? 3? Please specify. 	Comment by MB: Specify which one in parentheses (name of the viable county assay). There are many…

Also specify how you all differentiated between understanding what were the pure culture colonies and what was considered contamination.
  

[bookmark: _Ref19006371][bookmark: _Ref19006345]Figure 4. Viability (CFU mL-1) assays of PEF-treated and non-treated P. putida F1.  (CFU mL-1). All samples were collected at various time-points between 1.5 h and 24 h after treatment unless specified otherwise. (A) PEF-treated bacteria inat time '0' ([image: ]); non-treated bacteria inat time '0' ([image: ]); PEF-treated bacteria in BHI (1.5-24 h) ([image: ]); PEF-treated bacteria in PBS (1.5-24 h) ([image: ]); non-treated bacteria in BHI (1.5-24 h) ([image: ]); non-treated bacteria in PBS (1.5-24 h) ([image: ]). P value (([image: ]). Significance was assessed using a Student’s t -test): significance of the  and examined CFU count incounts at each examined time relatedcollection point in relation to its control P < 0.001***; significance of the CFU of the ***. Significance tests of treated bacteriabacterial quantities were assessed in PBS related to BHI, inat each examined time-point P < 0.001 ### (B) A). OverProportions of over-expressed proteins in PEF-treated P. putida F1 in BHI, compared to the non-treated sample (B)..  	Comment by MB: Missing name of assays (method) and medium used to quantify. 	Comment by MB: Again, due to formatting changes I recommend describing the legend symbols vs. inserting like this. 	Comment by רבקה כהן/Rivka Cahan: נראה שחסרים סימנים של סגניפיקנטיות	Comment by MB: Yes, and there are also missing details on descriptions of what statistical tests were performed and what software was used in the main text and very shortly described here.  
At time '0', the PEF treatment led to a reduction of 4.8 log10. The non-treated bacteria in PBS remained inat the same concentration during the entire experiment; and the. The non-treated bacteria in BHI continued to replicate, reaching 1.20E+10 CFU mL-1 after 24 h. However, no CFUs of the PEF-treated bacteria in PBS or in BHI were observed from the fourth to the sixth hours after the exposure. The PEF-treated bacteria in BHI began to replicate after the 6thsixth hour, and by the 8theighth hour reachingthey reached 1.18E+04 CFU mL-1. At the end of the experiment (24 h), the CFU counts were similar to those in the BHI control (the non-treated bacteria). 	Comment by MB: Approximately 4.8 log10 bacteria (which ones) ± S.D.

Which treatment produced this reduction? It is unclear.	Comment by MB: How many hours, at what temperature, and stored where?	Comment by MB: 1.2 × 1010? Stay consistent in formatting throughout	Comment by MB: At the 24 h point I assume? Unless you all checked again at which time after 24 h?	Comment by MB: First exposure at what conditions?	Comment by MB: Stay consistent in formatting throughout	Comment by MB: In which samples?
The same experiment but with the Gram-positive bacteria S. aureus showed that these bacteria were more resistant to PEF treatment, compared to the Gram-negative bacteria P. putida. The PEF treatment of S. aureus led to a reduction of approximately 3.2 log10 CFU mL-1. In addition, the PEF-treated S. aureus which were suspended in BHI maintained a count of 1.84E+04 CFU mL-1 for about 1.5 h, and then began to multiply (data is not shown). While This is an interesting contrast compared to the PEF-treated P. putida which decreased to zero CFU mL-1 at the fourth hour, and remained there for about 2 h, and then began to multiply. It was previously reported that the thick peptidoglycan layer and structural properties of a Gram-positive bacterial membrane protect them from PEF damage. For this reason,We suggest that the results from the PEF-treated S. aureus in BHI are due to multiple studies that found Gram-positive bacteria areto be more resistant than Gram-negative typesbacteria to PEF treatment [7,54]. 	Comment by MB: ± S.D.?
4.7.1.3.3.5 MS analysis of the proteins from PEF-treated P. putida F1 suspension, compared to non-treated bacteria:
 Bacterial (P. putida) suspension in 0.54 mM PBS were PEF-treated (2.9 kV cm-1) followed by suspension in BHI.  For MS analysis, two samples were taken (3three replicates of each):) and the following conditions were applied: the PEF-treated bacteria, which were immediately diluted to 1:10 in BHI; and the non-treated bacteria, which were also diluted in BHI. The samples were taken 6six hours after the PEF treatment. It is important to note that the growth rate of the PEF-treated bacteria in BHI from the 6thsixth to the 8theight h was 4.68 h-1. Meanwhile, in the untreated culture the growth rate at the beginning of the log phase was 1.08 h-1. We assume that the PEF-treated culture in BHI by the 6thsixth hour was not composed of dead cells, but rather a large population of them were in a stress modestressed state which may be considered VBNC or sublethally injured cells. Thus, the appropriate control for MS analysis of the PEF-treated bacteria in BHI was untreated culture grown for the same time (6 h), and not a control culture at the end of the lag phase. 	Comment by MB: At the same ratio?
TheAll samples were washed in PBS (x 3). The proteins in the sediment were extracted and digested. The MS analysis was performed at the Smoler Proteomics Center at the Technion, Israel. As shown in Figure 4B, the results of the proteins consisted of three main groups: 55% were found to be related to stress conditions,; 36% to various proteins,; and 9% to uncharacterized proteins (Figure 4B).  	Comment by MB: How, why, how much? After collection/treatment or sonication?	Comment by MB: In order to identify/quantify…	Comment by MB: Collectively from all the samples after treatment? 

7.1.3.45. Available conditionsequipment, personnel, and collaborations
The biologymicrobiology experiments will be done at Prof. Rivka Cahan ladperformed in the labs and under herthe supervision.  of Prof. Rivka Cahan. The lab is equipped with a high-voltage generator for applying an electric field on bacterial suspension. The voltage pulses are controlled bysuspensions with a signal generator (Stanford Research System DS45, 30 MHz),) to control voltage pulses. The lab also contains a homemade electroporator chamber made of two stainless-steel plates, incubators for bacterial growth, UV-Vis. Spectrophotometer spectrophotometer, analytical scale, orbital shakers, laminar safe cabinet, chemical hood, centrifuge with fix-angle and swinging bucket rotors, CG-FID, HPLC,  autoclaves , refrigerators, freezers and ‐80ºC freezers. We will have access to the shared facilities of Ariel University. Major equipment includes flow cytometer (FCM), GC/MS, SEM, AFM, confocal microscopy, and fluorescence microscope. Prof. Cahan's crewlab group consists of one post-doctoral fellow, 4four PhD students, 1one MSc and 4four undergraduate students. The biologymicrobiology part of the mentioned studyproject will be conducted by PhD and postdoc students. 	Comment by MB: Specify manufacturer, version, and location in parentheses. 	Comment by MB: Consider replacing this term with “professionally-made” or “lab-quality”. 	Comment by MB: ‐20ºC? Please specify	Comment by MB: Which include…? State the relevant ones. 	Comment by MB: Located where? Which will be continuously available?
The bacterial reversible electroporation model on bacteria will be conducted by Dr. Gad Pinhasi. He performsHis lab group focusses on theoretical, experimental and numerical studystudies on transport phenomena, i.e. fluid dynamics, heat and mass transfer. The study includes His lab group will perform the numerical analysisanalyses and computational fluid dynamics, investigating portion of this project. His group will investigate the mechanisms of two-phase flashing flow and combustion. He is working in numerical analysis and computational fluid dynamics, investigating mechanisms of two-phase flashing flow.	Comment by MB: Of what university?
Dr Pinhasi's crewlab group consists of 2two PhD students, and 5five undergraduate students. The modeling part of the mentioned study will be conducted by a PhD student.
collaborations
7.1.3.5.1Collaborations
6. Expected results and pitfalls
1- Duration of the PEF-induced pores will be found usingby applying a fluorescent dye (Lucifer Yellow) into Gram-negative, Gram-positive and mammalian cells. Pitfall: since. One anticipated pitfall of the proposed research is that the MW of the Lucifer Yellow is 457.25 Da, the: The data on when the beginning of the porepores open and the exact time of resealing will not be accurate for the low and high MW of the differentdiffering selected moleculescompounds. In addition, the time duration of the porespore openings may be changed accordingchange due to the selected moleculecompound properties. These limitations may be solvedadressed by expanding (correlated to the data of Lucifer Yellow) the time for examinationexamining the permeability rate of the different molecules  	Comment by MB: Duration of time they are open? Unclear. 	Comment by MB: And quantifying/examining how? Via which method?	Comment by MB: This is the first time this is mentioned in the project. What and where are the accompanying details to this?	Comment by MB: The methodology is unclear here. How will you all assess pore opening and resealing based on high and low MW of compounds?	Comment by MB: Such as X, Y, Z….	Comment by MB: Methodology here is unclear. What units of what will you all be correlating to one another? 
2-compounds.  The permeability rate of the hydrophilic and hydrophobic moleculescompounds will be determined. Pitfall: part. Another anticipated pitfall of this project includes the fact that some of the selected moleculescompounds, when used in high concentration, may cause a damage to the cells. This may be solved by reducing the concentration of the selected examined molecule. compound. 	Comment by MB: Via what method?	Comment by MB: And keeping within concentrations of X,Y,Z, as demonstrated successfully in the research of XX et al. 
Times table
Abstract
7.3  Timeline	Comment by MB: Recommended to write as a Gantt Chart if you have room to include it, but it is not required in the ISF guidelines to include in the main text. 
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