
When Tony Hyman arrived to teach in the Marine 
Biological Laboratory (MBL) Physiology course in 2008, 
he didn’t imagine that a research project he brought for 
the students would inspire a major, galvanizing discovery, 
one that is illuminating the causes and potential cures for 
a host of serious human diseases. 

Accompanying Hyman that summer was postdoctoral 
fellow Clifford Brangwynne, to be a teaching assistant in 
the course, and several strains of the worm C. elegans, a 
workhorse species in biological research. The scientists 
had already fluorescently tagged various proteins in the 
worms, and the students would observe the proteins and 
draw conclusions about what they were doing inside the 
cell. 

In one of the strains, they had tagged somewhat 
mysterious entities called P granules. In C. elegans and 
in other species, when the egg cell is fertilized with 
sperm, the cell immediately polarizes with clear anterior 
and posterior ends. The P granules congregate in the 
posterior (P) end of this new embryo, where eventually 
sperm and egg cells will form. In 2008, it was unknown 



now often called “biomolecular condensates,” plays a 
pervasive role in organizing the contents of living cells. 
Still under study is why cells need to create condensates. 
They may serve as “reaction crucibles “ that concentrate 
certain molecules to perform some function; and/or they 
may sequester molecules not needed for other cellular 
processes.

Yet the LLPS process “comes with inherent dangers,” 
Hyman has written. If the protein concentration inside 
a condensate gets too high and the proteins “jam” or 
aggregate, the cell may not be able to dissolve the 
aggregates or limit their growth. Many diseases of the 
brain are characterized by toxic aggregates of proteins, 
such Alzheimer’s, Parkinson’s, and amyotrophic lateral 
sclerosis (ALS). To date, at least four companies have 
been founded to investigate the role that LLPS may play 
in these diseases and others, and hopefully to identify 
drugs and cures.

But back in 2009, just one example of LLPS in cells had 
been discovered. And Brangwynne hoped to find more, 
to demonstrate generality. He loved being at MBL and 
decided to come back for another summer and “hang out” 
in Tim Mitchison’s lab, who was returning as a Whitman 
scientist. There, using frog eggs, Brangwynne started 
looking at another membrane-free structure found in 
the nucleus of cells, called the nucleolus. He was able to 
determine that the nucleolus, too, is a liquid droplet that 
emerges by phase separation (Brangwynne, Mitchison 
and Hyman, PNAS, 2011). 

On another front, Ron Vale, now returning to MBL as a 
Whitman Center scientist, was exploring similar

mysterious, membrane-free assemblies of proteins and/


