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Abstract— Time-resolved cryo-electron microscopy has 
revolutionized biology by imaging biomolecules such 
proteins and deadly viruses. A microfluidic device is used 
to mix two reacting biomolecules, before they are imaged. 
This study examines the differences between two 
microfluidic devices: polydimethylsiloxane (PDMS) and 
silicon. The PDMS microfluidic device could potentially 
replace silicon devices in labs to study biomolecules. PDMS 
device is less expensive and easier to manufacture. The data 
showed that the PDMS device produced consistent and 
repeatable results. The study concluded that the time 
frames of the PDMS device must be increased to match the 
performance efficiency of the silicon device. 

I. INTRODUCTION 

Time-resolved cryo-electron microscopy is a scientific break-
through that has revolutionized biology by capturing images of the 
biomolecules in action. The mixing-spraying is a method [1,2,3] 
that involves mixing and reacting two biomolecules inside a 
microfluidic device (Fig. 1A). Afterward, the biomolecules are 
sprayed onto a grid, frozen, and then imaged. These images are 
analyzed and processed with the single-particle cryo-EM method 
[4]. Several previous studies [1] have demonstrated effective use of 
the silicon device. However, Polydimethylsiloxane (PDMS) devices 
are less expensive and easier to manufacture. This study compared 
performance of PDMS and silicon devices to evaluate viability of 
PDMS as an alternative to silicon devices.   

II. METHODS 

Solutions 30S and 50S ribosome subunits were reacted in the two 
microdevices and to produce 70S ribosome solution. 900 images 
(micrographs) were obtained, from which 617 good micrographs 
were screened. From these micrographs, 42,000 2D particles were 
computationally autopicked using RELION. RELION picked 2D 
images based on pixel intensity and orientation [5]. The 2D images 
were subjected to 3D classification, where 2D images of 50S 
ribosome subunit and 70S ribosome structures were separated, and 
then averaged together to create 3D structures (Fig. 1B). 3D 
classification was repeated four times by providing 50S ribosome 
subunit references to sustain the variability of the number of 2D 
images during each run. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 1: (A) The two solutions of the biomolecules are mixed within 
the microfluidic device, and sprayed onto the grid [1]. 
(B) 3D structures of  30S, 50S, and 70S ribosome. 
 

III. RESULTS 
 

The 3D structures created for ribosomes using the PDMS 
device were consistent and repeatable over the four runs. 
For the ~60ms time frame, the PDMS device created 20% 
70S ribosome whereas the silicon device created 33% [1]. 
This showed that the PDMS device was slower than the 
silicon device in creating 70S ribosome. 
 

IV. CONCLUSION & FUTURE WORK 
 

This study showed that the PDMS device is a viable 
alternative to the silicon device at the ~60ms time frame. 
The convenience and affordability of the PDMS device will 
lead to a widespread use of cryo-EM, furthering the 
understanding of the structures of biomolecules, proteins, 
and deadly diseases. As future work, the time frames of the 
reaction in the PDMS device must be increased, such as the 
148ms, 200ms, and 580ms time frames, to produce 
population densities similar to that of the silicon device.  
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