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Abstract: The result of density transects analysis of the ends (0
0
 and 180

0
) vs sides (90

0
 and 270

0
) of elliptical TCRV are 

shown in figure 6.7. While the density of the inner and outer membrane peaks remained constant, there was less electron 

density present in the expected positions of GP, Z and NP on the flat “sides” (90
0
 and 270

0
) of elliptical TCRV particles. 

The shape of each peak was similar, but no broadening was observed. This was interpreted to indicate that less protein 

was present at the expected position for each of the three viral structural proteins, GP, Z and NP. It was further revealed 

understand the role of protein organization in virion morphology, images of TCRV was manually grouped according to 

the apparent organization of the Z and NP components. In order to do this, all elliptical TCRV particles were selected and 

manually rotated to match one of the nine categories shown in Figure 6.5.  The number of images in each section 

therefore reflects the prevalence of each type of organization in the population of elliptical TCRV.  As shown in Figure 

6.5, the most common organization found displayed well organized Z and NP around the termini of the longest diameter, 

i.e., at highly curved “ends” of each particle.  In contrast, Z and NP organization often appeared to be disrupted at the 

termini of the shortest diameter, i.e., on the less curved “sides” of each particle.  The presence of GP appeared to 

correlate with protein organization, with GP being present only on regions where organized Z and NP were visible inside 

the virion.  Several of the particles appeared to lack GP on the flat or inwardly curving “sides” of the particle 
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Introduction. 

The purpose of this analysis was to measure how much Z and NP is positioned near the edge of the virion. It was yet 

unknown so we come up with this method to select different sides as briefed to do the transect analysis. 

In order to understand protein organization and pleomorphicity images of well-organized and poorly organized arenavirus 

have been shown and radial density averages have been taken. Radial density transects were taken at 8 points spaced 

evenly around each particle. 

6.1.1 Principles of electron diffraction and electron density. 

The diagram below is intended to help describe how the electron beam will be affected as it passes through the different 

types of atoms that make up the phospholipid envelope and protein constituents of the virion.  Basically, the larger the 

number of electrons, and the greater the number of occupied electron shells, the more apparent contrast will be produced 

when an electron beam passes through the sample (figure 6.1). For example, the phosphorous atoms found in the 

headgroup of the phospholipid molecules of the membrane will have a greater apparent electron density compared to 

proteins, which consist predominantly of the smaller atoms carbon, hydrogen, nitrogen and oxygen [187]. 
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Figure 6:1. This figure shows the amount of electrons in outer and inner layer of viruses. 

6.2 Process of radial density: 

In order to understand the process of the radial density, what and how it was done is illustrated below. In this process, the 

image brightness is taken as a surrogate for the relative electron density. Although absolute comparisons are problematic, 

relative comparisons, for example between matched section of the same virion, are within the scope of this technique. The 

relationship between structure and apparent electron density is presented in schematic form in figure 6.2.  

 

Figure 6.2. The process for measuring relative organization and density of each protein in the viral complex. 

In this way eight triplicate samples were taken from around the elongated virions. 

One end of the virion, centered on the longest available diameter was initially marked as being at 0
0
. Further samples were 

recorded at ~45
0 
intervals such that 0

0  
and 180

0 
derived from the termini of the maximum diameter and 90

0
 and 270

0 
from 
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the termini of the shortest diameter, with one additional sample taken in between each of these. Figure 6.3 shows a virion 

with one positions of each of the 24 (8×3) samples indicated by a rectangle.  

 

 

 

 

 

 

 

 

 

 

 

Figure 6:3. Elliptical virion in the position of eight triplicate density transects indicated by rectangles. 

6.3 Images of arena viruses: 

In order to understand the context of the density transect analysis, images of well-organized and poorly organized 

elliptical and round viruses are shown below (See figure 6.4). 

 

Figure 6.4. (A-B ) Showing well organized Z and NP at the curved ends of elliptical particles (C-D) Uniformly 

good organization of round particle (C) well organized round particles (D) Good organization of round particles. 

In order to understand the role of protein organization in virion morphology, images of TCRV were manually grouped 

according to the apparent organization of the Z and NP components. In order to do this, all elliptical TCRV particles were 
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selected and manually rotated to match one of the nine categories shown in Figure 6.5.  The number of images in each 

section therefore reflects the prevalence of each type of organization in the population of elliptical TCRV.  As shown in 

Figure 6.5, the most common organization found displayed well organized Z and NP around the termini of the longest 

diameter, i.e., at highly curved “ends” of each particle.  In contrast, Z and NP organization often appeared to be disrupted 

at the termini of the shortest diameter, i.e., on the less curved “sides” of each particle.  The presence of GP appeared to 

correlate with protein organization, with GP being present only on regions where organized Z and NP were visible inside 

the virion.  Several of the particles appeared to lack GP on the flat or inwardly curving “sides” of the particle.  Taken 

together, this suggests that well-organized protein complexes are usually associated with regions of the membrane where 

the local curvature approaches that of a sphere of approximately 100 nm diameter. 

 

 

 

Figure 6.5 (A) TCRV particles grouped by internal organization. Particles are organized according to the key at lower 

right, which indicates good organization with a thick inner line. 

6.4 Radial density average: 

In order to understand the radial density non overlapping membrane regions were collected along the entire edge of each 

viral particle to minimize the distortion caused by small variations in curvature. These images were converted to electron 

density transects, then aligned and averaged. Radial density values were extracted from these averaged images using 

SPIDER.  

6.5 Transect analysis of TCRV  

A 

B 
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Figure 6.6 illustrates how density transects were compared. If the area under the curve is the same but the curve is wider 

then it would be interpreted the amount of protein is same but poorly organized. If the area under the curve is less but the 

curve is not wider this would be interpreted to mean that there is less protein, but the organization is the still same. A third 

possibility is that if the area under the curve is less and the curve is wider this would be interpreted to indicate that there is 

less protein and more disorder.   

 

 

Figure 6:6. This picture shows the protein thickness and density. 

6.6 Radial Density average of TCRV: 

The results of density transects analysis of the ends (0
0
 and 180

0
) vs sides (90

0
 and 270

0
) of elliptical TCRV are shown in 

figure 6.7. While the density of the inner and outer membrane peaks remained constant, there was less electron density 

present in the expected positions of GP, Z and NP on the flat “sides” (90
0
 and 270

0
) of elliptical TCRV particles. The 

shape of each peak was similar, but no broadening was observed. This was interpreted to indicate that less protein was 

present at the expected position for each of the three viral structural proteins, GP, Z and NP. 

 

Figure 6.7. Radial Density averages of TCRV. It shows round particle in dotted line and elliptical viruses are 

shown in red and blue color which were taken from two corners diameter maximum and diameter minimum.  

6.7 Density of Arena virus: 

In order to understand the density of viruses of all sizes, all TCRV virions, round (n=94) and elliptical (n=119) in total 

213 viruses, grouped by size, were selected. Averages for groups of 12 similar-sized virions +/- SEM (dotted lines) were 

calculated. It was concluded that there is no significant relationship between virion size and apparent density of NP, Z and 

GP (see figure 6:8). This also demonstrated that different sized particles, which naturally have different local curvatures, 

give constant density results, meaning that parts of a virion that differ only in curvature as at the ends and sides of 

elliptical virions, should not differ unless there is a difference in local protein density or architecture.   
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Figure 6:8. The density versus size of arenaviruses. Averages for groups of 12 similar-sized virions +/- standard 

error of mean (SEM) (dotted lines) 

6.8 Comparison of elliptical, intermediate and round particles: 

In order to understand the difference between each of separate protein of TCRV, virions were separated into groups of 

equal size containing data from the most elliptical roundest and intermediate virions. As shown in figure 6.9, the GP, Z 

and NP regions of the virion show a periodicity with high protein content indicated by high electron density at the ends (0
0
 

and 180
0
) lower protein content at the sides (90

0
 and 270

0
) and intermediate protein content in between (45

0
, 135

0
, 225

0
 

and 315
0
). 

This effect was greatest on elliptical particles, intermediate on intermediate particles and least on round particles, which 

displayed uniform protein density. 

 

 

 

Figure 6:9. (A) Blue line represent the most elliptical viruses (B) Red line represents the intermediate virus 

particle means neither elliptical nor round ones (C) Yellow line represents the roundest virus particles.   
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To better assess the architectural differences in round and elliptical particles, density in the region where NP was expected 

(IT-2 in Neuman et al [120]) was plotted against shape for groups of particles. Each group contained 5% of the available 

particle data, sorted according to virion shape. From this data it was concluded that low NP density in IT-2 near the inner 

leaflet of the virion membrane was associated with elliptical morphology. This may give a clue to the mechanism by 

which elliptical particles arise either from miss-assembly ( marked by low NP density in IT-2) or from local disruption of 

the GP-Z-NP complexes (figure 6.10). 

 

Figure 6:10. This figure shows NP density versus shape. 

6.10 Comparison of inner to outer leaflet and outer leaflet density: 

In order to understand the density of vesicles as compare to the arenaviruses, and the ratio of various vesicles was taken 

and plotted the transect plots. Here we are trying to make an assay to detect that how much protein is inserted in the 

membrane so I have looked at the vesicles from lots of different sources and groups. It was concluded that ratio of inner to 

outer is constant in vesicles (see figure 6:11). 

 

 

Figure  6.11 Ratio of inner to outer leaflet density is constant for vesicles. 
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6.11 Comparison of PICV native and fusion activated with the vesicles: 

In order to understand the inner to outer and outer leaflet density the data of vesicles from various sources and groups and 

PICV native and fusion activated was calculated from transect plot. It was concluded that the ratio of outer leaflet density 

is constant where inner to outer leaflet density is variable (figure 6.11 and 6.12). The most proteins are in the inner leaflet 

of native PICV and the least in vesicles as evidenced by increasing electron density of the inner leaflet relative to the outer 

leaflet membrane (figure 6.13). 

 

 

Figure 6:12. Outer leaflet density is constant in PICV. 

 

Figure 6:13.  Ratio of inner to outer leaflet is variable in PICV and vesicles from different sources and groups. 

6.12 Comparison of LCMV native and fusion activated with the vesicles: 

In order to understand the relative density of the membrane leaflets of LCMV and TCRV the analysis was repeated. As 

for PICV, LCMV particles showed an increasing protein content of the inner leaflet compared to co-purified vesicles 

membranes from the same micrograph (figure 6.14), while outer leaflet density was similar (figure 6.15).  
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Figure 6:14. Ratio of outer to inner leaflet density. 

 

Figure 6:15. Outer leaflet density only in LCMV. 

6.13 Comparison of TCRV native and fusion activated  with the vesicles: 

Similar results were also obtained for TCRV (figure 6.16 and 6.17) suggesting that all arenavirus particles have 

considerable protein content in the inner bilayer leaflet. A second interesting effect was that fusion activation (PICV and 

LCMV) produced particles with an intermediate protein density in the inner leaflet, suggesting that some protein had been 

removed from the inner face of the membrane. 

Fusion activated TCRV were not available for analysis, but 20 particle (about 0.5% of the dataset) were identified that had 

no visible surface GP and had disorganized interior, similar to fusion-activated LCMV and PICV particles. These also 

showed an immediate inner leaflet protein content as expected (figure 6.16).  
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Figure 6.16: Ratio of outer to inner leaflet density in TCRV 

 

Figure: 6.17. Outer leaflet density only in TCRV 

6.14 Discussion. 

From this chapter it it was discovered that arenavirus shape is controlled by complexes containing GPC, Z and NP at the 

surface of the virion, and that an unbroken inner shell of NP is essential for maintaining a rigid spherical shape. 

Furthermore, it was revealed that the inner leaflet of intact arenaviruses has a lower density than the inner leaflet of 

vesicles consistent with the interpretation that viral proteins are displaying lipid molecules from the inner leaflet of the 

viral membrane. 

Conclusions 
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The result of density transects analysis of the ends (0
0
 and 180

0
) vs sides (90

0
 and 270

0
) of elliptical TCRV are shown in 

figure 6.7. While the density of the inner and outer membrane peaks remained constant, there was less electron density 

present in the expected positions of GP, Z and NP on the flat “sides” (90
0
 and 270

0
) of elliptical TCRV particles. The 

shape of each peak was similar, but no broadening was observed. 
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