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Abstract

Coxsackie virus Type 3 (CVB3), like other entroviruses, is a single (+) stranded RNA virus that uses the cytoplasmic surface of intracellular membranes for RNA replication. Numerous studies have shown that Coxsackie virus replication is sensitive to the fungal toxin Brefeldin A (BFA), a well-characterized, highly specific inhibitor of Arf1 GTPase activation, but the capacity in which Arf1 assists the RNA replication is not yet well understood. In uninfected cells, active GTP-bound state Arf1 associates with nascent endoplasmic reticulum (ER) export domains, recruiting effectors whose activities, ranging from regulating membrane curvature and cytoskeletal machinery to signaling, result in the biogenesis of the ER-Golgi Intermediate Compartment (ERGIC) membranes, which bud off, and fuse with the Golgi apparatus. Given this, Arf1 activity in infected cells may also be utilized to specialized unconventional organelles for RNA replication. We have previously shown that in CVB3 infected cells Arf1 accumulates on discrete domains of the Endoplasmic Reticulum membranes, which colocalize with viral replication machinery components. Here using fluorescence recovery after photobleaching techniques, we investigate the changes in Arf1 membrane binding and dissociation rates in single living cells at different time points during infection. With these rates and our measurements of the abundances of Arf1 at these accumulated domains, we generate a model of Arf1 dynamics in CVB3 infected cells. 
Introduction

Background of Experiment

In cells, there exists a framework of human genes encoded in RNA. This starts as DNA that exists in the nucleus surrounded by a nuclear membrane. Our cells also have RNA, which play many different roles inside the cell. mRNA, rRNA, and tRNA are those responsible for taking the genetic code from DNA and undergoing transcription (DNA ( RNA) as well as translation (RNA (proteins). Organisms then use these proteins that provide function to their survival. Under the stresses of a virus, the virus (which is normally single stranded RNA, however some exist in double stranded forms) uses the machinery of the cell to start creating its own proteins to ensure survival for itself. In hijacking the ribosomes (which is what help make the proteins), the virus costs the organism much stress and eventually it cannot survive because its machinery is being used and it cannot provide for itself.  This is the general effect of viruses on cells and deals with a vast majority of the research conducted regarding virally infected cells. 
The dynamics observed in the cell corresponding with Arf1 protein and its respective rates of association and dissociation displays an accumulation of Arf1 on membrane, this result can come from an increase in the association factor, or a decrease in the dissociation factor.  
Figure 1.  Schematic cartoon of how the Coxsackie virus infects a cell and replicates.
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Arf1: the protein of interest


Arf1 is a protein that is known for its vital importance in helping pinch off Endoplasmic reticulum membrane into the Golgi apparatus (Figure 3). Arf1-GTP is a form of protein that is found in all human cells; we are specifically looking at their activity in HeLa cells. They are found to be necessary for viral RNA replication.  Arf1 also has many effector proteins in which some are vital to its productivity while others aid as catalysts to help the transfer of membranes explained above.  Some of these effectors include but are not limited to: Sar1, Rab1B, Cop II, and Pi4K. Arf1 exists in two forms, a cytosolic form ARf1-GDP, as well as a membrane-bound form Arf1-GTP. There are molecules that facilitate the transfer of Arf1-GDP to Arf1-GTP and vice versa. These molecules are called GAP and GEF; their respective actions are shown in Figure 2.

Figure 2. Shows the exchange between Arf1-GTP (membrane-bound) and Arf1-GDP (cytosolic) pools in cells. 
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In uninfected cells, they are found along the ER or ER exit sites and contribute to packaging vesicles and sending them to the Golgi apparatus. The Golgi mainly exists because of the transfer of vesicles via microtubules that are formed, encapsulated, and sent out because of Arf1 and its effectors. This transfer of membrane flow between the ER and the Golgi is much faster than the Golgi sending it back to the ER, which is the reason for the accumulation of membrane—which is called the Golgi apparatus. In general, both organelles are responsible for protein, molecule motility. If the microtubules are blocked, then the ER is not able to send membrane to the Golgi and thus a Golgi is not seen because it is not formed.  This is why we may declare the Golgi to be called a steady state organelle.
Figure 3. Schematic of membrane transfer between ER and Golgi apparatus
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 This budding of the ER, sending membranes, and effector proteins all play crucial parts on regulating the Arf1 protein; some even vital to its existence. For instance, Arf1 can take two forms depending on whether it is membrane-bound or found freely in cytosol. If a GTP molecule is attached to the Arf1, an Arf1-GTP molecule is formed. This form, which is membrane bound, binds to the Golgi, and is found on the ER exit sites. The other form of Arf1 is the Arf1-GDP, which is a hydrolyzed form of the GTP molecule, it is found in cytosol, and cannot bind to membranes. In order for an Arf1-GDP to be converted to an Arf1-GTP, a GTP molecule must completely replace the GDP molecule. This exchange for GTP from GDP is mainly caused by GEF (guanine exchange factor) that is an effector protein. The protein responsible for the hydrolysis of GTP to GDP is GAP (GTPase Activating Protein).  If Arf1 is in its GTP form, it is considered active and can recruit other effector proteins to come help it commit its functions, some of which are transporting vesicles out to the Golgi apparatus.

Methods
Carl Zeiss LSM (laser scanning microscope) Confocal Fluorescent Microscopy
Using a confocal microscope, we are able to efficiently analyze the data we received as images, movies, and other sources of microscopic recording mechanisms. In order to effectively analyze our data, we had to normalize our data to the cell. Since the program measures intensity per pixel per unit area, we can effectively relate the intensity of the fluorescence to the area of interest. To do this, we use the following equation: the intensity of Arf1 fluorescing spot minus the intensity of background multiplied by the area of spot, that quantity divided by the quantity of the intensity of entire cell minus intensity of background multiplied by the area of entire cell. This equation normalizes the intensities with respect to the cell and takes into account any background intensities that would otherwise affect the data. We also used the LSM software to compile movies, 2-d, and 3-d images. In using this technology, we are able to conduct several experiments to test our hypothesis of whether the off rate, the hydrolysis of (membrane bound) Arf1-GTP by GAP to Arf1-GDP (cytosolic), is changing.
Live cell microscopy was performed on a Zeiss LSM510 line scanning

confocal microscope. HeLa cells were grown in coverglass-bottom chambers (Lab-Tek). They were maintained at 37°C on the microscope stage for the duration of the

experiments. High spatial resolution images were obtained with a 63X/1.4 N.A. plan

apochromat oil immersion objective with a small (1.2 Airy unit) pinhole aperture,

whereas images for purposes of quantitation (e.g. FRAP) were acquired with a 40X/1.3 N.A. oil immersion objective with a fully open pinhole setting. All images were acquired on 12-bit photomultiplier tubes. No saturated images were analyzed for quantitation.

Co-localization of Arf1 and viral proteins are endoplasmic reticulum export sites 

During the progression of a Coxsackie infection, the HeLa cells exhibits many changes. Using fluorescent microscopy, we can bind a GFP, green fluorescent protein, to the Arf1 protein so we can view it under the microscope. Pre-infection, in the control HeLa cells, Arf1 proteins accumulate at the Golgi apparatus. There is an exchange of membrane between the Endoplasmic reticulum and the Golgi, the fact that the rate of transfer between ER to the Golgi is much faster than the slow rate from the Golgi membrane going to the ER is why the Golgi exists. For instance, if the rate between membrane exchanges from the Golgi to the ER were sped up, there would essentially be no Golgi apparatus present in the cell. Another reason for the accumulation of Arf1-GTP on the Golgi in uninfected cells is because the ER is a very diffuse membrane. Which considers the fact that Arf1-GTP does bind to the ER membrane, however it is a very on and off dynamic reaction that does not enable Arf1-GTP to stay membrane bound on the Endoplasmic Reticulum.  In continuing infection, starting prevalently around 3 hours post-infection with 100 µl of the virus, there is an accumulation of Arf1-GTP at ER export domains. These sites on the ER can be seen using a separate ER membrane marker, ssRFP-KDEL. In viewing the fluorescing protein and membrane, one can verify that the Arf1-GTP is coalescing at these ER domains. 


A second experiment can be conducted to show where the viral proteins that the Coxsackie virus has coded for are located in relation to Arf1 and the ER. The virus is hijacking the host cells machinery to create several viral proteins. To locate these viral proteins, an experiment where we fluorescently tagging viral protein 2BC and Arf1 is done to detect their respective locations in the cell post-infection. What is noticed in the cell is the co-localization of the viral proteins and Arf1-GTP. This in essence shows that the viral proteins are also abundant at the ER export domains where Arf-1GTP is found. This has implications that when the virus uses the host cells machinery, the viral protein replication, and functions is associated with Arf1 and the ER export sites.    

Monolayer cultures of HeLa cells, grown either in multiwell

chambers for time-lapse microscopy or on 18 mm coverslips in 12 well plates for

 immunofluorescence were infected with the CVB3 strain of the Coxsackie virus.
Figure 4.  Arf1-GFP at different times post CVB3 infection. At time 0 hours, Arf1 is primarily in its GTP-bound state at the Golgi apparatus, and in the GDP-bound state in the cytosol.   As infection progresses, there is an accumulation of Arf1 at discrete ER sites. Cells are co-expressing Arf1-GFP and ssRFP-KDEL plasmids.
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Figure 5. Arf1 accumulated membrane domains are enriched in viral replication machinery components. At 4 hours post infection, cells expressing Arf1-GFP, were fixed and immunostained with antibodies to GFP (to recognize Arf1) and viral protein 2BC. Scale bar 5(m.
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Fluorescence Recovery After Photobleaching (FRAP)

Frap experiments are used to determine how mobile a particular molecule is, in our case, Arf1. In order for this to be possible, we must tag (covalently bond a fluorophore to the Arf1 protein) Arf1 with GFP. This way we can use an epifluorescence microscope to visualize Arf1 using a low light intensity.

All fluorescent dyes reflect light of one wavelength after they have absorbed light of another wavelength. If a very high intensity, blue light is delivered to the dye, the dye will photobleach meaning that the high intensity light has rendered the dye unable to fluoresce.

Using this microscope to focus the light on a selected region of our choice, we can flash a very intense light onto these same molecules. 

There exists a black area filled with photobleached molecules surrounded by fluorescently tagged molecules that have not been photobleached. These molecules are able to diffuse. As they diffuse, the photobleached molecules and the fluorescent molecules will begin to mix. However, the bleached (blackened) area will gradually increase in brightness as fluorescent molecules migrate into this area.

Figure 6.
                [image: image7.jpg]Photobleach

percent
fluorescence

time



                         
A baseline of fluorescence is collected (1) before the photobleaching occurs (arrow) where numerous iterations of lasers reduced the amount of fluorescence significantly (2). Over time, the amount of fluorescence in the photobleached area increases as unbleached molecules diffuse into this area (3). At (4) there is a plateau or stabilization of the amount of fluorescence recovery. The time scale τ is determined by the slope of the curve (3). The steeper the curve, the faster the recovery and therefore, the more mobile the molecules.
http://www.bio.davidson.edu/Courses/Molbio/FRAPx/FRAP.html

Figure 7. FRAP of a control HeLa cell showing a representative cartoon of Golgi   bleached area
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Figure 8.
FRAP experiment within an uninfected cell. The Golgi bound Arf1-GFP (red) was photobleached and recovery of fluorescence back in to this area was monitored measured for a 4 minute period. 
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For FRAP experiments, a region of interest (ROI) was drawn around the Arf1-GFP

labeled structures and this ROI was photobleached for 5 s with a high intensity 488 nm laser beam. Images of the samples were then taken with low intensity light for 3 min. Input from lateral diffusion effects was excluded by 1 photobleaching areas that did not have apparent contacts with other intracellular structures associated with Arf1-GFP. The FRAP data were analyzed with image analysis software which allowed us to measure the mean fluorescence per pixel in the defined ROIs. To obtain the total fluorescence associated with Arf1-GFP either at the Golgi apparatus or at cytoplasmic foci in an infected cell we multiplied the background-subtracted mean fluorescence per pixel in the ROI with the area of that ROI. The total fluorescence at each time point was corrected for photobleaching (which typically occurs after a time series) by dividing it by the total fluorescence of the cell at that time.

Figure 9. The data in (A) was normalized and plotted. An exponential curve was fitted and a timescale of recovery ( (tau) value was calculated. This ( value is proportional to the inverse of the sum of both association and dissociation rates of Arf1 with the membrane (ER or Golgi). 
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Brefeldin A Experiment

Brefeldin A is a fungal toxin that interferes with protein transport from the ER to the Golgi apparatus by inhibiting transport in Golgi. As seen in Figure 2, BFA ultimately stops the K​on rate which lets us diagnose the Koff and see whether it changes. The mechanism for this to occur is such that BFA prevents GEF from replacing a GDP with a GTP molecule on the Arf1 protein. If this GTP transfer is stopped, then there can be no new Arf1-GTP made. This indeed shows an Arf1 accumulation on the membrane. Brefeldin A (BFA) is a cell permeable fungal toxin which specifically and rapidly blocks the GDP/GTP exchange on Arf1 (i.e. association), leaving the GTP hydrolysis step (i.e. dissociation) unaffected. Therefore, we treated cells with BFA at different time points of infection, in order to observe the rate of dissociation of Arf1 from membranes. We found that Arf1 dissociation from membranes was significantly slowed down in infected cells.
Figure 10.   BFA treatment with an uninfected vs. 3 hour post infection CVB3 infected cell
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The experiment was conducted in the following manner: first infecting the HeLa cells with the Coxsackie virus, then treating with BFA to observe the reaction that would occur. If BFA had been administered to the cells pre-infection, we would not see the same results. This is accounted by the fact that BFA prevents protein association and would consequently not have any accumulation of Arf1-GTP on the membrane post-infection. In the control cells, there is a much faster dissociation of the Arf1 protein off the membrane than compared to the three hour post infected cell. For the same time points, if the control cell has less bound Arf1-GTP to the membrane, this entails that there is a faster dissociation off of the membrane and thus in an infected cell, there is a slowed dissociation rate. To reiterate, the infected cells have more membrane bound Arf1-GTP and this is caused by a slowed k​off, thus there is a large quantity of Arf1 present in the infected cell as compared to the control cell. Now that it is determined that the off rate of Arf1 has been slowed, one must look at what is causing this interference. 
ArfGAP1 Decrease in infected cells

To look for a potential mechanistic explanation for why Arf1 dissociation may be slowed during infection, we decided to investigate the dynamics of Arf1GAP, which is a critical regulator of Arf1 GTP hydrolysis (i.e. dissociation rates) on membranes. Cells are co-expressing Arf1-RFP and Arf1GAP-YFP and have been infected with CVB3. Time-lapse images taken of two cells are shown in Figure 11. Note that unlike at time 0 hours post infection when Arf1 and ARf1GAP are both associated with Golgi membranes, as infection goes on, less and less ARf1GAP is found at sites where Arf1 accumulates. What is observed in the experiment concurs with the previous results that the off rate is being disturbed.
Figure 11. ArfGAP1 dynamics during infection 
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Our Mathematical Model
In trying to explain biological phenomenon, we use a set of differential equations to explain and predict the outcomes of our experiment. In the FRAP experiments, there was an initial drop in fluorescence due to the laser iterations depleting the fluorescent and membrane bound Arf1-GTP-GFP where subsequently afterwards, in about four minutes of recovery, the Arf1 fluorescence reaches close to 100%.  This rate of recovery over the time period it took place is called τ (tau).  As Arf1 shuttles between GDP and GTP forms, we must explain the coming on and off the membrane in relation to the cell through different stages in regards to the FRAP experiments. This model can best be explained in phases of the FRAP experiment.
Pre-bleach
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 X consists of two other variables, X​f and Xu. Xf is the fluorescing Arf1-GTP and Xu is unlabeled Arf1-GTP, meaning it is not seen under the confocal microscope because it is not fluorescing.
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Which also have two components Yf and Yu 
An equation can also be said constraining the four variables to the volume of the cell:
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(3)
Where V is the total volume of the cell and C, a constant, represents the total amount of Arf1 in the cell.
The next step is to further break down and quantify the constants of Arf1 present in the cell, but first we have to set some initial conditions.
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(5)
To name another constant  S≡ total number of sites on the ER, we can assume this is constant since it is plausible that during the four minute interval of the FRAP there is a constant amount of sites.  
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where Xf and Xu are bound Arf1-GTP and Arf1-GDP respectively and E stands for the total empty sites.
Arf1 is in a dynamic equilibrium where it is either cytosolic or bound to the ER or Golgi membrane, to incorporate this in our model we must account for the exchange of the Arf1-GTP (membrane bound) and Arf1-GDP (cytosolic) on the membranes.  This is shown in Figure 2.
We also can further simplify the total fluorescent Arf1 as
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where F is total Fluorescence; and the total unlabeled Arf1 as
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where U is total unlabeled material.
These terms can be used to normalize our parameters such that: F + U = 1

During Bleach

Figure 12.  A schematic to represent the bleaching process


Bleaching
Xf               Xu
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Before Bleaching (-)

After Bleaching   (+)
This says that the amount of Arf1-GTP unlabeled is a fraction of the Arf1-GTP fluorescing. 

The bleach process as describe in the FRAP experiment can be characterized by lasers beaming light onto the Arf1 protein and depleting the GFP fluorescent tag from the protein, removing it. Thus, the following equations show a change in variables the formation of Arf1-GTP and Arf1-GDP as either fluorescent or unlabeled.
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After Bleach

Figure 12. Schematic representation of Arf1-GTP un/binding to an empty site 



We can use this schematic to describe the ER sites where Arf1-GTP binds. Xf becomes an empty site E at a rate Koff which is our off rate or dissociation rate.  Meaning that this is the rate at which Arf1-GTP comes off the membrane and is hydrolyzed to become Arf1-GDP. At the same time, Xf binds to an empty site (E) at a rate Kon where:
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The same principle can be applied to Xu where the probability that an empty site will contain an unlabeled Arf1-GDP
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      (15)
To further describe this schematic we can use the law of mass action to set up equations regarding the change in Xf  and Xu.  Now, the equations that can describe the rate of change of each Arf1-GTp, or Arf1-GDP are as follows:
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However, E represents the total amount of empty sites, which can be substituted by the total sites minus the sites occupied by Arf1-GTP. Which is either in the fluorescent Arf1-GTP or in unlabeled Arf1-GTP form; this changed our equations to:
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Thus, our equation is:
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(20)
From our Arf1 constants, now we can rewrite the equation to be:
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note: 
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We can assign Кon/V = К’on

[image: image35.wmf](

)

(

)

,

’

 ,,   

–––

fu

offfuonfuuffu

dX

kX

КCXXYVSXX

dt

=-+--


(22)
using equation () and rearranging the equations,
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(23)
We then assume that the initial concentration of the unlabeled Arf1 on the membrane is very small compared to the total Arf1 in the cell, which also implies that Nu >>> Nf .

Now, our new equation is without the membrane bound unlabeled form of Arf1:
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Looking at the constraint equations for the constants again, Cf - Xf = Yf
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In looking at the steady state for this equation, we see the following:
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To describe S, the total sites where Arf1-GTP can bind, such as to quantify it in respect to the Endoplasmic Reticulum, which must hold true biologically, S is the total sites on the ER that Arf1-GTP can be bound to. Thus,
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where R is the area of the Endoplasmic Reticulum and α (alpha) is a factor multiplied by R, which is the total area of the ER. This shows to be the total amount of sites that are available for Arf1-GTP to bind. We define S this way to include possible changes in the amount of total possible sites for the ER to change. As during infection, this is a possible question to ask which may further affect our Kon or Koff. 

If we rearrange the equation to: 
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If we then divide our original equations by R, since we do not know the total area of the ER, this is to nondimensionalize and/or normalize the Arf1-GTP and Arf1-GDP with respect to the ER  
The equations have redefined variables:
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Starting from equation (18) and to rewrite the equations with the new variable: 
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Now, setting the equation equal to zero, we solve and determine the steady state:
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In this model, we have to assume that the change in unlabeled Arf1 does not change. This is not a large assumption due to the fact that the time scale we are looking at the FRAP experiments are on the order of a few minutes and there is not a great change in the unlabeled Arf1.

Thus,
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And at steady state:
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note: Kon= КonYf      
            (35)
Now, finding the ratio of the intensities per pixel area of a selected region in the Carl Zeiss LSM program, this ratio, in our data called K, is quantified by the fluorescent intensity of the Arf1-GTP on a membrane divided by the fluorescent intensity of the Arf1-GDP in cytosol. χf /Yf  or Arf1-GTP / Arf1-GDP are called K. 
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To conclude this model, another assumption must be made. The assumption is that the amount of sites on the ER available for the Arf1-GTP to bind is much less than the total number of sites. This assumption is arguable since one can declare that the virus is affecting the rate of transfer of Arf1-GDP to Arf1-GTP to the available empty site on the membrane.

So, if Xf  >>> α our new equations are:
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(37)   
If Xf is much less than the total amount of sites present in the cell, or thinking of the Endoplasmic Reticulum as having more sites on it than Arf1 can saturate, this assumption can hold true. In using this assumption, the steady state simplifies to:
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   (38) 
However, this equation suggests possible changes Kon, Koff, or α.  This further suggests that if there is a change in this ratio it is caused by a changing rate or by a change in the number of sites available on the ER membrane for Arf1-GTP to bind. Based on our experiments and previously researched experiments and data, we hypothesize that Koff (the off rate) will decrease, and that α is constant. Saying that alpha is constant denotes that during the four minute FRAP in which this model takes place; there is no change in sites available for Arf1-GTP to bind on the membrane.  
Our time constant τ, is now evident from our linear differential equation,
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(39)   
Using τ and K, we can solve independently for К’’on and koff
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Results
Calculations and data from collected experiments after infecting HeLa cells
Table 1.  Shows sample values for variables of interest 
	Time (hr)
	Kon
	Koff
	K
	Tau

	
	(K/(1+K))*(1/tau)
	(1/(1+K))*(1/tau)
	K=Kon/Koff
	1/(kon+koff)

	 
	 
	 
	 
	 

	0
	0.085
	0.060
	1.412
	6.868

	1
	0.099
	0.077
	1.289
	6.868

	2
	0.098
	0.074
	1.320
	5.823

	3
	0.094
	0.066
	1.416
	6.229

	4
	0.110
	0.067
	1.643
	5.632

	5
	0.089
	0.050
	1.799
	7.198

	6
	0.104
	0.049
	2.141
	6.557

	7
	0.110
	0.034
	3.248
	6.973

	8
	0.076
	0.021
	3.718
	10.312


Table 2.  Average K and Tau values 
	Time (hr)
	Post Infection
	Average K Values
	Average Tau Values

	0
	No Virus
	1.41
	6.87

	1
	1 hr
	1.28
	5.66

	2
	2 hr
	1.32
	5.82

	3
	3 hr
	1.42
	6.23

	4
	4 hr
	1.64
	5.63

	5
	5 hr
	1.80
	7.20

	6
	6 hr
	2.14
	6.56

	7
	7 hr
	3.24
	6.97

	8
	8 hr
	3.72
	10.31


These results show that the Koff has significantly decreased over the post infection period.
Figure 13. Averages and trend in association and dissociation rates
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Conclusion
Proteins in cells are regulated by numerous different mechanisms. When the virus enters the cell, it uses the cell’s machinery to create its own viral RNA and proteins to ensure its survival. The Coxsackie (CVB3) strand has shown to hijack Arf1 and its effector proteins. Arf1 and its effectors, have the responsibility of pinching off the ER membrane and essentially creating vesicles which transport to the Golgi apparatus. Coxsackie hijacks these Arf1 proteins and subsequently Arf1’s effectors and uses it for its own purposes. During infection, we see that Arf1 accumulates on the discrete domains of the Endoplasmic Reticulum membranes. Which is shown in the fluorescent microscopy observations. These Arf1 domains are enriched in viral replication proteins. Whereas we also see the viral proteins, 2BC, colocalized with Arf1 protein at the ER export sites. Through othe experiments, we have determined that the K​off, the rate at which Arf1-GTP hydrolyzes to Arf1-GDP via a reaction with GAP (GTPase Activating Protein) is being interrupted and slowed. From FRAP experiments and simple kinetic analysis we find that the accumulation of Arf1 at these ER domains correlates with a gradual decrease in its rate of GTP hydrolysis over the course of infection.  When infected cells are treated with BFA at different time points of infection, a slow dissociation of Arf1 from these sites is observed, this is consistent with the FRAP findings. Finally, we find that there are significant decreased levels of ArfGAP1, the GTPase activating protein of Arf1 GTP hydrolysis, at these sites where Arf1 is accumulated. These findings suggest during infection Arf1 GTP hydrolysis is gradually inhibited, resulting in a net accumulation of Arf1-GTP on membranes. Some further hypotheses to explain the reduced abundance of ArfGAP1 
are as follows:
· The virus could be acting directly on ArfGAP1 and/or Arf1 where it is inhibiting the described exchange mechanism.

· The decreased GTP hydrolysis may be a result of viral proteins perturbing the interaction between Arf1 and its GAP, ArfGAP1. 
· The accumulation of Arf1 at these membrane domains could result in an altered effector recruitment whose activities in turn may lead to a unique organization of membrane domains more suitable for viral RNA replication.
The hypothesis is thus answered, and directly shows that the off rate of GTP hydrolysis to GDP has been reduced significantly—which states that our hypothesis was correct. Hitherto, much has been discovered about the Coxsackie virus and its effects on cells; however, more tests and experiments need to be completed to further test the pathway in which the ArfGAP1 exchange system is being affected. 
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