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Reconstitution of  Cell-cycle Oscillations in Microemulsions of  
Cell-free Xenopus Egg Extracts

Researchers in Qiong Yang’s lab have developed an experimental framework that allows 
them to reconstitute 30-40 self-sustained mitotic cell cycles in oil droplet-based artificial cells 
over multiple days until the energy runs out. The ability to manipulate and track the dynamics 
of  a biological oscillator is crucial for elucidating its complex mechanisms. However, it is 
challenging to characterize an oscillatory circuit in live cells due to the noisy signals resulting 
from the continuous cell growth and cell division at each cell cycle and the lethality of  
modulating key clock components. They have developed a high-throughput cell-free system 

Modulating the Evolution of  Drug Resistance 
Researchers in Kevin Wood’s lab are looking at new ways to optimize the use of  currently available drugs to develop new 
therapies. Drug resistance is a serious and growing threat to public health.  Discovering new drugs is an expensive and difficult 
task, so there is an urgent need for out-of-the-box approaches to optimize the use of  currently available drugs.  One idea that’s 
received recent attention is to dose the drug in specific temporal patterns, aiming (for example) to maintain the cell population at 
some manageable level rather than exterminate it.  Our work takes a different approach. What if  it were possible to dose the drug 
in specific ways over space, giving rise to spatial regions with high drug concentrations and others with low drug concentrations? 
If  we tuned that spatial profile carefully, could we slow the evolution of  resistant cells in the population and potentially prolong 
the efficacy of  the drugs?  Max, a PhD student in physics, addressed this question using a very simple mathematical model, and 
he found something interesting: non-unifom spatial profiles of  drug can either speed or slow resistance--so from a practical 
perspective, spatial dosing could work really well or fail miserably.  Why?  It has to do with how fast the cells can move--that 
is, how fast they can migrate to explore the environment--and the rate at which mutations arise, something more or less set by 
genetics. Non-uniform profiles dramatically slow resistance when cells move slowly or mutate rapidly--intuitively, small pockets 
of  resistant cells arise but are spatially isolated and struggle to get a foothold in the population.  The work is entirely theoretical, 
but it makes a number of  explicit predictions that we are currently testing in laboratory populations of  bacteria.  It’s important 
to note that  the model is a clear oversimplification of  the complex clinical situation, and it ignores potentially important effects 
from, for example, the host immune response.  The advantage of  this simplicity is that the model can be analyzed in detail using 
tools from statistical physics.  I’d like to stress that the work wouldn’t have been possible without Max’s strongly analytical and 
mathematical skills (not to mention some real determination during times when the calculations seemed intractable).  Even given 
the idealized nature of  the model, the results point to interesting proof-of-principle dynamics and enrich our understanding of  
ecological-evolutionary trade-offs in cell populations.  More generally, the results underscore the need to consider evolutionary 
outcomes, not merely instantaneous drug efficacy, when designing effective long-term therapies.

to overcome these challenges by encapsulating Xenopus laevis egg extracts into water-in-oil emulsion microdroplets (JoVE 
2018; eLife 2018). Microdroplets containing cytoplasmic-only cycling extracts function as artificial cells constantly undergoing 
over 30 self-sustained mitotic oscillations. When adding demembranated sperm chromatin to trigger nuclei self-assembly in the 
system, they observed a periodic progression of  chromosome condensation/decondensation and nuclei envelop breakdown/
reformation, as in real cells. Due to its easily-accessible nature, the cell-free oscillatory system can be quantitatively manipulated 
with the addition or depletion of  recombinant mRNAs, proteins, or inhibitors, and is highly tunable to varying droplet size, 
temperature, and energy levels. Such innate flexibility and robustness are key to uncover clock properties like tunability and 
stochasticity that would otherwise be difficult in intact cells.
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Join us for our upcoming events: 

April 12, 2019 - Oncley Lecture 

April 15, 2019 - Krimm Lecture 

May 4, 2019 - Spring Commencement
Want to be featured in an upcoming newsletter or 
e-newsletter? We want to know what our alumni have been 
doing! Send us any recent publications, awards or family 
news to biophysics.events.communications@umich.edu 
and you could be featured in our publications, website or 
social media! 

Just want to receive our e-newsletters and updates? Don’t 
forget to update your alumni profile on our website! 

Thank you to those who participated in Giving Blueday 
this year!
If  you are still interested in giving to the Biophysics 
program, visit leadersandbest.umich.edu. 

Don’t forget to follow us on social media! 

@UMBiophys @umbiophys @UMBiophys


