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Liquid liquid phase separation (LLPS) describes the process of a liquid demixing from its liquid 
environment, forming a droplet that is not miscible with its surroundings1. Low complexity domains 
(LCDs), such as the RGG domain, are sequences that are associated with the promotion of protein LLPS2. 
Regulatory factors such as temperature and salt concentration also modulate LLPS. Previous work has 
demonstrated controllable assembly of linearized RGG domains3. Protein assemblies are sizable, well-
organized supramolecular structures of individual proteins dictated by specific protein interactions. A 
hetero-oligomerizing protein assembly is composed of monomeric and trimeric proteins that assemble 
when mixed4. Through combining LLPS and protein assemblies, one can fuse two methods of regulation 
in a compelling way due to the disorder of LLPS and the order of the protein assemblies. When the two 
forms of regulation are simultaneously in motion, they have ability to induce novel properties of LLPS 
due to the lack of linearity and increase in spatial proximity of the RGG domains. 

Optimized Protocol:

Autoinduction: Shake media at 180 rpm at 37℃ overnight

Purification: Keep recombinant proteins at 30-40℃ throughout the process. Use buffers 
with high salt concentration to prevent phase separation. For trimers, resuspend cell 
pellet in 8M urea buffer to increase solubility. Increase imidazole concentration to 
promote elution from the column.
Dialysis: Dialyze at 50℃ to prevent phase separation.

Optimization of the recombinant protein expression and purification protocol proved 
to be successful as evidenced by protein gels. 

Preliminary data from the turbidity assays displays that in two of the three assays, the 
assembly mixture phase separated before its constituent parts. This suggests that the 
formation of assemblies intensified LLPS because the assembly mixture was able to 
phase separate at a higher temperature that would normally render a non-assembly 
mixture soluble. Our expanded knowledge of protein assembly blended with LLPS as 
dual forms of regulation can have far reaching effects on future models of 
biomolecular assemblies.
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RESEARCH QUESTION 
Hypothesis: When liquid liquid phase separation (LLPS) is incorporated as an additional form of 
assembly through the fusion of RGG domains to assembly proteins, it will elicit novel properties of 
LLPS assembly due to the RGG domains interacting in close proximity and in a non-linear framework.

Aim 1: Establish a protocol for recombinant expression and purification of RGG fused assembling 
proteins.

Aim 2: Experimentally determine the liquid-liquid phase separation (LLPS) properties of RGG domains 
fused to assembling protein oligomers using spectrophotometric assays to measure temperature 
dependent turbidity.
Significance: In completing these aims, we will better understand how thermoresponsive LLPS affects 
protein assemblies, allowing for a strategy to further elucidate properties of LLPS, protein assemblies 
and the interactions that occur between them to develop a comprehensive understanding of diseases 
that involve protein aggregation as an integral part of their proliferation.

A. B.

A. In general, the procedure for our 
experiments follows the flowchart in 
chronological order.
B. This figure displays PyMol images of 
the constituent parts of the RGG-fused 
assembly. The red trimer has two 
variants. The yellow and green monomers 
are variants. The RGG domain is fused to 
each protein. Assembly occurs once the 
monomer variants are mixed. The 
monomers are fused to the trimer and 
the opposing monomer. Since each trimer 
has three monomers, the remaining two 
monomers of the trimer will fuse to the 
opposing monomer to form the large, 
biomolecular assembly.

Protein gels obtained from the purified 
constructs. Each gel is labeled with the 
construct name and molecular weight of 
the protein. For each construct, the band 
of interest is located on the elution lane, 
which signifies a successful purification of 
the recombinant proteins.

A. Turbidity assay for monomer 

variants with RGG fused domains

B. Turbidity assay for a monomeric 

variant and trimeric variant with RGG 

fused domains

C. Turbidity assay for a monomeric 

variant and trimeric variant with RGG 

fused domains

FUTURE WORK

As a continuation of the study, turbidity assays of each assembly should be conducted 
in triplicate in both small and large cuvettes. Additionally, improvements in the 
sample calculations with regard to ratio of monomer to trimer is a facet that could 
produce improved and more consistent results. Lastly, microscopy images of the 
assemblies should be taken to serve as evidence that liquid-liquid phase separation is 
occuring.
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