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Abstract:  LCMV is best treated as two population one is small viruses that are unnaturally round and large viruses that are the same 

as vesicles. We also found that shape of small arenavirus particles is significantly rounder than shape of vesicles. Therefore:  Protein 

interactions of Arenaviruses make small particles round. Large particles are elliptical due to insufficient interaction of protein. Future 

work now focuses on variation in the GP, NP, and Z that correlates with changes in size and shape. 
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Introduction: LCMV native and Fusion-activated LCMV (see fig 35) from the same preparation and then took its average size and 

average ratio to do the coefficient correlation (r). We then selected both sets of data of shape and GP% of each of them to whether 

GP% affects the shape and size of the particles. We discovered by doing correlation coefficient that fusion activation strongly reduces 

the association between shape and size. This  might be due to changes upon fusion activation by acidic pH or Lithium chloride as GP-

1 dissociates from the virion causing particles to appear “spikeless”,GP-2 changes shape and appears longer is no longer visible near 

the viral membrane and NP remains inside the virion. We further hypothesized that GP has important role in forming the shape of 

virus particle. 

Data analysis shows that small LCMV particles are significantly rounder than vesicles as P value is = .0001 by ANOVA (Please see 

fig 33).The shape of vesicles and large LCMV particles are not significantly different (ANOVA, P = .29). Therefore interactions 

among LCMV proteins are qualitatively different on small and large LCMV particles. We hypothesized that small LCMV are more 

infectious as compare to large ones whereas large LCMV are less infectious. We will carry out molecular investigation for this 

hypothesis in future. 

 
Figure  26. Scatter plots showing the separation of two population a sensible dividing point.   

 

We compared small and large LCMV particles separately to all the vesicles found that small LCMV particles are significantly rounder 

than vesicles (see Figure 26).  As far as small and large particles contain the same protein but the outcome of protein interaction is 

very different on small and large particles. 

We therefore concluded that:  Shape of LCMV overall is significantly different from shape of vesicles, LCMV is best treated as two 

populations :small viruses that are unnaturally round and large viruses that are the same shape as vesicles, Shape of small LCMV 

particles is significantly rounder than shape of vesicles  and therefore, Protein interaction of LCMV make small particles round.  We 

hypothesize that due to insufficient interaction between large particles they are elliptical and future work will now focus on variation 

in the GP, NP, and Z that correlates with changes in size and shape.  

We measured longest and shortest diameter of each particles LCMV, PICV, TCRV and DOPC (see Fig 27) from the same preparation 

and then took its average size and average shape to do the coefficient correlation (r). We then selected both sets of data of shape and 

size of each of particle of LCMV, TCRV, PICV and DOPC to see whether or not affects the shape and size of the particles. We 
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discovered by doing correlation coefficient that (r) LCMV 0.40 PICV 0.06 TCRV 0.02 and DOPC -0.03. Larger size correlates more 

elliptical shape for Arenaviruses .Shape and size of vesicles are not correlated (see Fig 27) 

 
 Figure 27.  Scatter plots showing the relationship between size and shape for three types of arenavirus and for empty DOPC vesicles. 

We measured longest and shortest diameter of each particles LCMV native and Fusion-activated LCMV (see fig 35) from the same 

preparation and then took its average size and average ratio to do the coefficient correlation (r). We then selected both sets of data of 

shape and GP% of each of them to whether GP% affects the shape and size of the particles. We discovered by doing correlation 

coefficient that fusion activation strongly reduces the association between shape and size. This  might be due to changes upon fusion 

activation by acidic pH or Lithium chloride as GP-1 dissociates from the virion causing particles to appear “spikeless”,GP-2 changes 

shape and appears longer is no longer visible near the viral membrane and NP remains inside the virion. We further hypothesized that 

GP has important role in forming the shape of virus particle. 

 

 
Figure 28. Scatter plots showing the shape and size of LCMV and fusion-activated LCMV particles from the same preparation. 

Correlation coefficients (r) between shape and size are shown below. 

We then investigated whether the relationship between size and shape affected by fusion activation.  Changes upon fusion activation 

by acidic pH or Lithium chloride include GP-1 dissociates from the virion causing particles to appear “spikeless”, GP-2 changes shape 

and appears longer, Z is no longer visible near the viral membrane and NP remains inside the virion.  We found that Correlation 

Coefficient (Pearson r)If r is near then It means  -1 means inverse correlation (both change proportionately, but in opposite directions) 

if it is 0 means not correlated and +1means values are correlated (both change proportionately) so here we see in LCMV native value 

is  (r) 0.04 whereas in case of fusion-activated LCMVs its value is  -0.02 which means  not correlated. From this data we concluded 

that fusion activation strongly reduces the association between shape and size (see Fig 28).  

We next compared the shape of Arenaviruses and vesicles to see the variance in between the shape and size of virus particle and to 

find an answer of proteins role in making shape of virus particles. We concluded that concluded shape of arenaviruses is significantly 

different from shape of vesicles, but significantly less so after fusion activation (see Fig 29).  Therefore we concluded that proteins of 

arenavirus make particles slightly more round (on average), but fusion activated particles almost revert to shape of vesicles.  

 
Figure 29. P value is comparing the different type of particle to vesicles 
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Figure  30. Comparison of the shape of vesicles of two LCMV populations showing scatter plots.  Data is the 

same as presented in Fig. 26. 

 
Small LCMV particles are significantly rounder than vesicle (ANOVA, P = .0001). The shape of vesicles and large LCMV particles 

are not significantly different (ANOVA, P = .29). Therefore interactions among LCMV proteins are qualitatively different on small 

and large LCMV particles. We therefore hypothesized that small LCMV are more infectious as compare to large ones whereas large 

LCMV are less infectious. 

We also investigated how arenavirus protein-protein interactions contribute to shape by counting GPs and calculated percentage GP 

and measured fullness of virions appear in the particles and measuring the correlation between GP coverage, shape, size and fullness.  

Fullness was calculated as the ratio of core (NP) to edge (lipid) brightness for each virion. Here we concluded that percent GP 

coverage is not consistently correlated with any other parameters (see Fig 31). 

 
Figure  31.  Scatter chart showing percentage GP vs Shape, size and fullness. 

We also investigated that relationship of ribonucleoprotein density in the virion core to size, shape and GP coverage and concluded 

that fullness is consistently correlated with virus shape, but not with size or amount of GP (see Fig 32). 
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Figure 32. Relationship of ribonucleoprotein density in the virion core to size, shape and GP coverage.  Here we concluded that 

fullness is consistently correlated with virus shape, but not with size or amount of GP. 

We selected GP and Picked GPs of LCMV (See Fig 33) and JUNV (see Fig 34)and did Eman NR classes to see how they appear in 

virion. Then we looked in to Junin virus as well.  We will measure protein spacing from class averages to investigate and compare the 

protein size and shape of each of species of arenavirus.  

 
Figure 33. Surface features as well as inner densities. (A and B) Class averages of LCMV showing GP, LB, Z 

and NP attached from Top to bottom of the NR class generated images. (C and D) same as of A and B but 

different group of Classes. 

 

 
Figure 34. First structural analysis on the Junin virus GP, NP and Z (A, B and C) From top to bottom NR class generated image of 

GP, Lipid Bilayer(LB),Z and NP attached in the virion. 

 

We have concluded that the shape of Arenavirus overall is significantly different from shape of vesicles. LCMV is best treated as two 

population one is small viruses that are unnaturally round and large viruses that are the same as vesicles. We also found that shape of 

small arenavirus particles is significantly rounder than shape of vesicles. Therefore:  Protein interactions of Arenaviruses make small 

particles round. Large particles are elliptical due to insufficient interaction of protein. Future work now focuses on variation in the GP, 

NP, and Z that correlates with changes in size and shape.  

A final model of LCMV virion is presented which shows GP on top attached to lipid bilayer. Ring finger Z protein is attached with 

lipid bilayer and with Nucleoprotein. L and S segments are inside of virion attached with NP (Please see Fig 35). 
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Figure 35. Final model of LCMV  virion showing protein assembly. 

 

Future work:   

We have a plan to trap more mice and rats from different locations in Sindh province of Pakistan. We will trap them from agricultural 

land, residential areas, poultry farms and food godowns for collection of tissue (liver and spleen) samples. All collected samples will 

then be stored at Central Veterinary Diagnostic and Research Laboratory (CVDL) Sindh, Tandojam, Pakistan for dispatching to here 

in our lab G-70 for further analyzes. 

 

Conclusion 

 

After completion of remaining measurement and GP counting and GP selecting we will analyze that data by using Eman program and 

ANOVA.  We will also make viruses, grow them and separate them by size using column chromatography.  We will then examine the 

ratio of particles to infectious units to determine how rigid, stable and infectious these particles are.  We will collect blood and tissue 

samples from rodents from different parts of Sindh province of Pakistan as part of our epidemiological work to find a scientific 

evidence of disease incidence and distribution caused by Arenaviruses and Toroviruses.  We will make VLPs of arenaviruses to 

present their structure which will help in development of antiviral drugs.  Giving up-to-date data and scientific evidence and 

distribution of both of the viruses will also help livestock and fisheries department′s planning and development directorate to 

formulate and devise a control strategy to from further spread of arenavirus-like diseases among livestock and aseptic meningitis 

among human population regionally and globally. 
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