
 

Layered feedback mechanisms add control to
engineered cells

December 9 2022, by Victor K. Salazar

  
 

  

Performance analysis of the layered feedback controller using a linearized state
space model. a Schematics of the node-based system. Here A and B are two
molecular species, where A activates the expression of B and R. Functioning as a
regulator, R regulates species B directly through the cis feedback on B and
indirectly through the trans feedback on A. When both types of feedback exist in
the same system, the configuration is termed layered feedback. b An illustration
of the robustness-speed trade-off limit of feedback control. With a given set of
parameters that define R, if one type of feedback is fast and fragile and another
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type of feedback is robust and slow, then layering these two feedbacks together
could overcome the robustness-speed trade-off limit bound by either of these
two feedbacks alone. c Response magnitude with production disturbance at
different frequencies. This plot shows the magnitude response of species B
(y-axis) when all three species' production rates are subjected to a perturbation
(on γ) at different frequencies (x-axis). d Peak Disturbance and settling time on
a step response in a two-dimensional parameter space defined by KR and dR. The
top panel shows the output peak disturbance when all three species' production
rates are subjected to a step perturbation on γ. The bottom panel shows the time
it takes for the systems to settle to a new equilibrium after the perturbation. The 
y-axis (KR) represents the repression constant of regulator R; a large KR models a
regulator with weak repression strength. The x-axis (dR) represents the
degradation rate of regulator R. e The four designs' step response performance
evaluated in robustness and speed in a 10 × 10 parameter space. f The four
designs' impulse response performance evaluated in robustness and speed in a 10
× 10 parameter space. Credit: Nature Communications (2022). DOI:
10.1038/s41467-022-33058-6

Dr. Chelsea Hu, an assistant professor in the Artie McFerrin Department
of Chemical Engineering at Texas A&M University and a member of the
Accountability, Climate, Equity, and Scholarship (ACES) Faculty
Fellows Program, is using synthetic biology to help scientists control
genetically engineered cells. Her study is the first to use modeling and a
physical experiment to show the effectiveness of layered feedback
mechanisms. Hu collaborated with Dr. Richard Murray at the California
Institute of Technology.

"Synthetic biology is incredibly useful," Hu said. "It allows scientists to
engineer a cell by turning a specific gene on or off to make the cell
behave in a certain way. The problem is that once scientists have created
the engineered cell, they have very little control over how it reacts to
external factors. My research is about using synthetic biology to
implement the needed control mechanisms."
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Hu's research was published in the journal Nature Communications.

"Control is the most vital aspect of engineering," Hu said. "We can
develop anything, but if we can't control it, it's not useful to us. The goal
of my research is to help scientists have more control over engineered
cells by applying feedback mechanisms."

Engineers regularly use feedback mechanisms to control systems in a
way that impacts daily life. Without feedback mechanisms, things like
modern aircraft or motor vehicles could not exist.

"The best way to think about a feedback mechanism is to think about
your air conditioner," Hu said. "If you program your air conditioner to
72 degrees, when the temperature rises to 73, the unit will cool the room
until it returns to 72 degrees. When the thermostat reaches the set
temperature, the unit will shut off."

However, because not all feedback mechanisms are created equal,
adding them will not always improve performance. The mechanisms
must be properly combined because there is often a tradeoff between
speed and robustness. A quick response is usually frail, and a robust
response usually takes more time.

Engineers often layer two feedback mechanisms to overcome the
tradeoff when designing a fast and robust system. This optimization
strategy is largely responsible for the robust performance of most
modern technology. Similar layering strategies are also naturally
occurring in biology. When a living organism experiences a disturbance,
such as an environmental, physical or chemical change, it uses layered
feedback mechanisms to return to homeostasis.

"We are trying to determine if it's a coincidence that evolution and
engineering use the same layered feedback design," Hu said. "We are

3/5

https://phys.org/tags/feedback/
https://phys.org/tags/air+conditioner/
https://phys.org/tags/living+organism/


 

also researching if layered feedback mechanisms in biology overcome
the speed and robustness tradeoff in the same way they do in engineered
systems. Most importantly, we are determining if using layered feedback
mechanisms is the right path to gain control of synthetic biological
systems."

While layered feedback mechanisms are widely used in modern
technology, Hu's work is the first of its kind to design, model, analyze
and engineer this layered architecture in living cells. After creating the
living cells with the layered feedback mechanisms, Hu administered
disturbances to measure the cells' response. Her research confirms, both
computationally and experimentally, that layered feedback mechanisms
improve cell performance over time.

Hu's research is the first step in figuring out how scientists can have
greater control over engineered cells. In the future, this research could
have a profound impact on humanity when it is integrated into the
biomedical, agricultural, industrial and environmental fields.

"Once we can control engineered cells, we can use them to improve
human life," Hu said. "The cells could be used to help with things like
treating bowel inflammation, improving plant growth or cleaning up
chemical waste. But control in synthetic biology is still in its infancy, and
we have a lot of work to do before this technology is widely integrated
into our everyday lives."

  More information: Chelsea Y. Hu et al, Layered feedback control
overcomes performance trade-off in synthetic biomolecular networks, 
Nature Communications (2022). DOI: 10.1038/s41467-022-33058-6
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