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3.2 Carbon Evaporation 

As a part of the grid preparation carbon is that is deposited on the grid has holes in it of a 

specific size by the process of carbon evaporation. Here we look at the basic principle of this 

method but the specific parameter adjustments are mentioned in the methods section  

 

 

Figure 13:Carbon Evaporation 

The panel (a) on the left shows a schematic diagram of the principle of carbon evaporation. 

Panel (b) shows the DV-502B evaporator used for this process[43, 44]. 
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Carbon evaporation has a fairly straightforward principle. A high voltage circuit is formed 

with the help of graphite rods as shown in Fig: 12(a). A freshly cut piece of mica is placed in 

the bell jar of the carbon evaporator which is kept at high vacuum condition. 

The passing of current through the rod leads to it reaching an incandescent state. When this 

happens carbon is actually being evaporated off the rod and deposited on the mica. Once the 

mica is coated it is very slowly submerged into water (preferably in a small water tank).The 

carbon film floats off the mica. The holey carbon side of the grid is then carefully placed in 

contact with the floating carbon[34, 45] .  
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3.3 Glow Discharge 

 

Figure 14:Glow Discharge Apparatus 

Figure 14 (a) shows the E-7620 by Electron Microscopy Sciences along with a closer look at 

the glow discharge add-on. Figure (b) shows the “luminescent glow” that is normally observed 

in a glow discharge chamber [46].     

 

Figure 14 (a) shows the E-7620 by Electron Microscopy Sciences along with a closer look at 

the glow discharge add-on. Figure (b) shows the “luminescent glow” that is normally observed 

in a glow discharge chamber [46]. 

 

The glow discharge step is performed in reduced atmosphere and is a well-known and accepted 

method to make the surface of carbon hydrophilic.  A standard glow discharge device is shown 

above. The process involves placing the grid between two electrodes in an evaporator at high 

voltage [47]. 
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3.4 Sample Vitrification 

 

 

One of the vital steps in the process of sample preparation specifically pertaining to the cryo-

EM technique is vitrification. If water present in the biological sample is cooled slowly it leads 

to the formation of crystals. The crystals that form damage the macromolecule and distort its 

structure. From the point of view of a structural biologist it is essential that the structure 

 

Figure 15:Sample Vitrification by Vitrobot’[48] 
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remains intact. Through vitrification the sample is cooled at a very fast rate avoiding crystal 

formation completely and thereby preserving the structure [49].The “Vitrobot Mark IV” is 

used for freeze plunging the sample. It has a lot of advantages compared to conventional 

methods. The greatest advantage other than the obvious one of automating vitrification is high 

throughput and reproducibility. These advantages can be attributed to the highly controlled 

environment that the vitrobot provides. 

  

The figure above shows the “Vitrobot Mark IV” by “FEI”. It consists of several parts such as 

a sample holder (which can be filled with Liquid N2, blotting pads to remove the excess 

sample, and tweezes to hold the grid with the sample in place during the plunging process. 

The Figures below show enlarged views of each component for the sake of clarity  
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Figure 36 Docking of atomic structures into 3D map and mutation analysis  

 

Figure showing the side view with the N-terminus docked atomic structures. Highlighted 

in blue are R321 and R329. The other mutations that occur at interface 1 are highlighted 

in red. 

  

The mutations which are of interest are R321 and R239 and are marked in blue. The other 

mutations marked in red are also mutations that occur at the interface 1.  
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Interface 1 is formed between neighboring A and B subunits. When the channel is closed these 

domains interact as shown by Petegem et al [95] . The R321 and R329 which are marked in 

blue come within a 3.5Å distance of each other and hence are important when considering the 

interaction of the domains during the closing of the channel. 
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10.2 Comparing RyR1 with RyR2 under Different Levels of Noise 

 

The second goal of my work was to analyze the problem of noise bias which as explained in 

the introductory section on this topic is the alignment of noise into the reference structure 

leading to physiologically implausible results. 

 

In order to do this I compared 2 Datasets .The RyR1 with Mg2+ in the presence of CHAPS 

with the RyR2 in the presence of CHAPS (0.25%) and Amphipol (0.3%) (Both of which are 

detergents). By its nature Amphipol replaces CHAPS leaving only the RyR2 with Amphipol. 

Similar processing and optimization steps were carried out for the RyR2 so that the results 

would be comparable. The optimization of PBC (a resolution dependent weighting value) and 

threshold are shown in the figures below. 
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Shown below is the initial search loops of the RyR2 with Amphipol dataset. For the loops 

shown in the figure the FSC (0.5) was 36.5Å and the FSC (0.143) was at 34.9Å.We see that 

loop 6 is a significant improvement from loop 2.  

 

Figure 37:Effect of PBC on Resolution with Changed Mask Radius 

The following graph shows the variation in the resolution at an FSC of 0.143 when PBC 

was changed for the three cases where PBC=100, 50, and 25. The outer mask radius was 

changed from 190Å to 180Å. PBC 50 was chosen as the best since it showed consistently 

lower fsc (0.143) values which implicated higher resolution. 

 

 In comparison to the PBC optimization of the  Mg2+ dataset the RyR2 was difficult to 

optimize possibly also suggesting high levels of noise in the data 
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Figure 38: Initial Loops of RyR2 dataset 

The figure shows the FSC curves of loops 2 to 6 of the RyR2 Dataset 

Search or mode 4 of FREALIGN operation was carried for 20 loops to achieve a stable 

structure .The structure was then refined using the mode 1 of FREALIGN operation. 

Optimization of the various reconstruction parameters was carried out similar to the RyR1 

dataset and the optimized reconstructions were further processed. 
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The Figure shows that the FSC (0.5) reduced to 34.9Å and the FSC (0.143) was at 20.2Å 

. 

 

Figure 39: Progression of RyR2 dataset loops 36-40 
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Figure 40 Summary for the RyR2 Image Processing  

The figure serves as a summary graph for all the image processing done for the RyR2 

dataset in the presence of Amphipol. The arrow is drawn in the direction of decreasing 

FSC (0.5).  
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Figure 41: Overall comparison between Datasets 

This is a summary graph for both RyR1 and RyR2 datasets, the arrow shows the point at 

which only the TM domain was reconstructed.  
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*The FSC (0.143) value is 15.7 Å for the complete structure. Since the RyR2 is a complete 

structure this is a fair comparison.  However a resolution of 12.6 Å was achieved for the 

transmembrane domain 

 

 The figure above shows the results from the two datasets in order to gain better 

perspective of how the reconstructions progressed in each situation. The resolution 

values at the two cutoffs of FSC (0.5) and FSC (0.143) are furnished in the table.  For a 

fair comparison we compared the structure of the RyR1 (and not just the TM domain) 

with the complete structure of the RyR2. 

 

To better visualize the problem of alignment of noise to the structures we observed the 

RyR2 structures in Chimera. The results of this visualization is shown below. 

 

Dataset RyR1 with Mg2 RyR2 with Amphipol 

Number of Particles 10645 25731 

FSC(0.5) 20.1Å* 34.9Å 

FSC(0.143) 15.7Å* 20.5Å 

Table 2: Resolution comparison of RyR1 v/s RyR2 reconstructions.  
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Figure 42: RyR2 reconstruction comparison 

RyR2 comparison between the reconstructions at loop 6 v/s loop 40 in panel (a) and 

panel shows loop 6 v/s loop 40. Panel (b) on the right shows the comparison between 

loop 40 and loop 94 of the RyR2 reconstruction and how the TM domain is elongated 

As can be seen in table 2 above we used two datasets in order to analyze the problem of noise 

bias under different levels of noise. The RyR2 with Amphipol dataset contained nearly 2.5 

times the number of particles when compared to the RyR1 with Mg2+ dataset. However, the 

fsc (0.5) resolution obtained by the RyR1 dataset was significantly better. Though the RyR2 

had an apparent resolution of FSC (0.143) =20.5Å the transmembrane domain was elongated 

beyond plausible limits.  In order to validate our findings we compared the classes from the 

RyR2 dataset and the 3D reconstructions that were achieved. The observed classes did not 

represent the 3D reconstruction in the transmembrane domain. Thus we were clearly able to 

conclude that the elongation of the TM domain is indeed due to noise bias.  
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RyR2 found predominantly in the heart is a membrane protein. The purification of which 

involves the solubilization of proteins and lipids using a detergent (Amphipol) as well as the 

addition of additional lipids during its purification. Amphipol is a detergent that was expected 

to increase the contrast of the particles. However the detergent added a lot of noise to the 

particles hindering the 3D reconstruction process. This is what we believed to have caused the 

problem of noise bias. The purification of RyR1 on the other hand is comparatively straight 

forward and doesn’t require the addition of lipids. 

  

In order to compare qualitatively the noise that was present in the RyR1 dataset (with Mg2+) 

with the noise present in case of the RyR2 dataset with Amphipol we use figure 43.  The figure 

shows the reconstruction of the ribosome under different levels of noise by Radermacher et 

al[2].These model datasets that were created under different conditions of tilt. The numbers 

correspond to the increasing amount of noise. 
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Figure 43: Projections with Increasing Noise  

Model datasets  obtained  by tilting the 3D reconstruction of the ribosome by Radermacher et al 

[2]. Different tilt conditions are used as follows:  high (a) and similar, low (b) tilts. (c)–(f).Gaussian 

noise is added(increased) in order of the increasing numbers. 
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Seen in the figure below is a montage of images that from the RyR1 dataset with Mg2+ shown 

in panel (a) and the RyR2 dataset, which is shown in panel (b). These were created in SPIDER 

and viewed through WEB. 

 

We saw that the RyR2 classes were similar to the noise level observed in the high-tilt condition 

observed in panel c 10. In comparison the classes of the RyR1 dataset with Mg2+ and CHAPS 

is similar to the classes shown in panel d 2. There is an easily observable difference in the 

noise levels of the two classes as seen in the figure below 

 

 

Figure 44: Comparison of Noise levels in RyR1 v/s RyR2 dataset 

We observe clear RyR’s in panel (a) with boundaries that are easily distinguishable as 

separate from the background noise. In comparison it is much harder to distinguish the 
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boundaries in panel (b) due to the high level of noise. This clearly demonstrates the 

difference in the amount of noise present in the two datasets. 
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11. Conclusion and Future Work 

 

The reconstruction of the RyR1 in the presence of Mg2+ was successfully obtained with 

an FSC (0.143) =15.7Å for the complete structure, with the transmembrane domain 

achieving a FSC (0.143) resolution of 12.6Å in a physiologically closed state. The 

reconstructions of the RyR1 in the open and closed state which were achieved earlier by 

Samso et al were the foundations of these findings. Through the comparison of the 

physiologically closed state in the presence of CHAPS, Mg2+ and an ATP analogue we 

showed that this physiologically closed state is closer to the closed state than the open 

state. We also showed that the RyR1 in the physiologically closed state is not as closed 

when compared to the closed state without Mg2+ .  

 

Since we are always striving for better resolution in the cryo-EM field our efforts will 

focus on attaining higher resolution. Higher resolution 3D maps will help to better 

understand the structure and how changes in the structure relate to function. In the case 

of RyR1 with Mg2+ we hope to use a direct electron detector (instead of a CCD) which 

should significantly increase the quality of images acquired.  
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Studying the RyR2 under different levels of noise demonstrated the problem of noise 

bias that is present in cryo-EM today. The utility and need of different validation 

techniques other than just Fourier shell correlation curves was greatly highlighted.  

 

Henderson et al [83] outlines several pragmatic guidelines in order to tackle the problem 

of noise bias . He suggests obtaining a few images at large defocus and high exposure 

levels. High exposure of 80, 100, or even up to 140 el/Å2 is very likely to cause radiation 

damage in the sample though avoids the “Einstein from Noise” pitfall which is seen in previous 

sections. This is possible remedy however it must be noted that a balance must be struck 

between contrast and resolution. 

 

Sample preparation with different concentrations of Amphipol in order to get the least noise 

is one possible remedial direction to tackle the level of noise in the RyR2 data. Removal of 

the residual CHAPS after it has been substituted by Amphipol is another possible remedy to 

reduce the amount of noise causing detergents in the preparation.  

 

Calculation of resolution from “gold standard” FSC curves gives a realistic resolution value 

of the reconstruction. FREALIGN calculates the FSC values based on two half datasets. One 

dataset contains even and the other dataset contains odd particles. If high noise is present in 

one of these datasets it can bias the calculation of FSC. In order to prevent this we can use an 
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alternative method to validate the reconstruction.. This is done so that the half reconstructions 

are free from any false correlation.  
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