
cells are unique in that different proteins of interest have 
been labeled, so we can watch protein activity in living cells. 
They also cost six hundred dollars per vial, so we were really 
selective at first. We also knew that more lines that would be 
super-targeted to our research were going to be released 
soon, and we wanted to buy those, too.

Because these are human-derived cells, there are a lot 
of controls and protections surrounding their use. We were 
allowed to proliferate our one vial of cells to hundreds, but 
only for our own approved research. Gaining the approval 
to first obtain and then use these cells is a significant under-
taking. Through our ongoing collaboration with the Allen 
Institute, we worked with them and the relevant entities at 
UC Santa Barbara not only to purchase all of their lines that 
were available at that time, but also to create a biobank 
agreement, which greatly increased the access to the cell 
lines for other labs on campus. 

Having the cells available in a biobank eliminates more 
than half of the paperwork for other labs on campus that 
would like to use these stem cells. Each lab still needs 
review by an oversight committee that ensures ethical uses 
of the cells, but still, it’s great to have that kind of “candy 
store” on campus and be able to say, “I’d really like to see a 
fluorescent tag on that protein.” Best of all, when any of us 
makes improvements or additions to these banked lines, the 
biobank agreement allows us to “redeposit” and share them 
with any other lab on campus.

We ended up buying twenty of the lines and then 
banking multiple vials of them. If you culture the cells in the 
right way, you can make eighty or a hundred vials from one 
vial, plenty for my lab, for backup, and for other people who 
want to use them. This biobank is consistent with UCSB’s 
culture of collaboration and makes it easier for a community 
of users to share experience, cell lines, and knowledge. 

C: Can you tell us about the graduate program in biological 
engineering that has been proposed at UCSB?
BP: The proposal is for a new PhD degree program in biolog-
ical engineering, and it has gone most of the way through the 
campus review process now. This interdisciplinary program will 
draw faculty from both the College of Engineering and the 
Division of Math, Life and Physical Sciences. The proposal is 
currently being reviewed by Executive Vice Chancellor David 
Marshall and Chancellor Henry T. Yang before moving on 
to the next stages of UC review. The campus review com-
ments were generally quite positive and the main concerns 
centered on how to realize the longer-term growth goals of a 
new program launched during or on the heels of a pandemic. 
Notably, these same reviewing entities also recognized that 
campus does already have a strong base of resources in terms 
of faculty enthusiasm and commitments to teaching, training, 
and mentoring in the new program. Thus, we believe we can 
successfully launch the program now, even if faculty hiring 
and growth toward our goals of launching an undergraduate 
program may be delayed. 

C: Can you tell us about the process of ramping down and 
then reopening the lab in response to COVID?
BP: We went back into the lab on June 15, and people have 
been making good progress ever since. I’m really impressed. 

Postdoctoral scholar Anna Kim (left) and Erica Castillo, a Stanford doctoral candidate,
image beating heart cells on a microscope in Beth Pruitt’s lab at UCSB.

It has highlighted a few places where we need to be more organized, but 
overall, I’m really proud of my lab for how they have handled this whole situa-
tion, how they have made the best use of their time when we were sheltering 
in place and couldn’t enter the lab, and how quickly people got back to their 
research when they returned. 

We’ve always had a collaborative lab, but this has really fostered a deeper 
collaboration. If you don’t have permission to be in the lab as much as you 
want to, and someone is going to be there making devices, maybe they make 
them for their experiments but also for others to use. And someone who is 
doing the cell manipulation can prepare something for someone else. The 
pandemic has made us more dependent on each other, and that has really 
brought out the best in everyone. 

We also had some undergrads who were supposed to do research with 
us this summer, but they’re not allowed back in the lab yet, and we don’t 
know when they will be, so we switched all their projects from what they were 
doing to doing video and image analysis. It was a skillset that none of them 
really had, but we we took a team approach to mentoring them. Each student 
had a grad-student mentor and would attend a session each week run by one 
of the mentors or a postdoc to learn about a different mode of analysis. So, 
they got exposed to all of the things you can do with image data. They be-
came profi cient over the summer and are now able to support those who can 
work in the lab. It’s different, but it’s working.

watched pot never boils,” goes the 
saying, but that was not the case for 
researchers from UC Santa Barbara, 

including materials professor Omar Saleh, 
and their partners at the Ludwig-Maximilians 
University (LMU), in Munich, Germany, when 
they watched a “pot” of liquids formed from 
DNA. Their findings appear in the Proceedings 
of the National Academy of Sciences.

Recent advances in cellular biology have 
enabled scientists to learn that the molecular 
components of living cells, such as DNA 
and proteins, can bind to each other and 
form liquid droplets that appear similar 
to oil droplets in shaken salad dressing. 
These cellular droplets interact with other 

components to carry out basic processes that are critical to life, yet little is 
known about the function of the droplets or how they interact with other cellular 
components. To gain insight into these fundamental processes, the researchers 
used modern methods of nanotechnology to engineer a model system — a liquid 
droplet formed from particles of DNA — and then watched those droplets as they 
interacted with a DNA-cleaving enzyme.

Surprisingly, they found that, in certain cases, adding the enzyme caused the 
DNA droplets to start bubbling suddenly, like boiling water. “The bizarre thing 
about the bubbling DNA is that we didn’t heat the system; it’s as if a pot of water 
started boiling even though you forgot to turn on the stove,” says Saleh, co-leader 
of the project. However, the bubbling behavior didn’t always occur; sometimes 
adding the enzyme would cause the droplets to shrink away smoothly, and it was 
unclear why one response or the other would occur.

To get to the bottom of the mystery, the team carried out a rigorous set of 
precision experiments to quantify the shrinking and bubbling behaviors. They 
found that there were two types of shrinking behavior, the first caused by enzymes 
cutting the DNA only on the droplet surface, and the second caused by enzymes 
penetrating inside the droplet. “This observation was critical to understanding the 
behavior, as it put into our heads the idea that the enzyme could start nibbling away 
at the droplets from the inside,” notes co-leader Tim Liedl, professor at the LMU, 
where the experiments were conducted.

By comparing the droplet response to the DNA particle design, the team 
cracked the case: they found that bubbling and penetration-based shrinking 
occurred together, and happened only when the DNA particles were lightly bound 
together, whereas strongly bound DNA particles would keep the enzyme on the 
outside. Saleh notes, “It’s like trying to walk through a crowd; if the crowd is holding 
hands tightly, you can’t get through.”

The bubbles, then, occur only in lightly bound systems, which allow the en-
zyme to get through the crowded DNA particles to the interior of the droplet and 
begin to eat away at it from the inside. The chemical fragments created by the 
enzyme lead to an osmotic effect, where water is drawn in from the outside, causing 
a swelling phenomenon that produces the bubbles. The bubbles grow, reach the 
droplet surface, and then release the fragments in a burp-like gaseous outburst. “It 
is quite striking to watch, as the bubbles swell and pop over and over,” says Liedl.

The work demonstrates a complex relationship between the basic material 
properties of a biomolecular liquid and its interactions with external components. 
The team believes that the insight gained from studying the bubbling process 
will lead both to better models of living processes, and to enhanced abilities to 
engineer liquid droplets for use as synthetic bioreactors.

The research was enabled by an award to Saleh from the Alexander von 
Humboldt Foundation, which allowed him to visit Munich and work directly with 
Liedl on this project. “These types of international collaborations are extremely 
productive,” says Saleh.

Solving the 
Mystery of 
Bubbling DNA
Exposure to enzymes causes a peculiar 
response in liquid droplets formed by DNA. A 
new study explains the mechanisms behind it.

An artist’s rendering depicts strands of 
DNA. Exposure to enzymes can cause 
droplets of DNA to bubble.
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