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Identification and Control of Gene 
Expression in Yeast

SYNTHETIC BIOLOGY aims at building novel biological ‘circuits’, synthetic networks, which can alter cell 
behavior by performing specific desirable tasks. Additionally it can be used to build simplified models of 
complex biological pathways in order to better understand their working mechanisms.


REAL-TIME AUTOMATIC REGULATION OF GENE EXPRESSION is a key technology for synthetic biology enabling, 
for example, synthetic circuit's components to operate in an optimal range. Additionally it can be used to 
attain a quantitative understanding of the dynamical behavior of a protein. 

 EXPERIMENTAL RESULTS

Internship in the Systems and Synthetic Biology Lab at the Telethon Institute of 
Genetics and Medicine. Affiliation to the Istituto Italiano di Tecnologia. 

FUTURE WORKS. 1) Control of gene expression for the study of neurodegenerative disorders (e.g. Parkinson’s disease).
  2) Stochastic feedback control of gene expression at the single-cell level.
  3) Identification of mathematical models to describe gene expression at single-cell level by means of linear mixed-effects modeling.
  4) Stochastic simulator of biological ‘circuits’.

IDEA: to use control engineering to regulate gene expression in yeast.

EXPERIMENTAL TEST-BED for the assessment of control 
strategies: GAL1 promoter in Saccharomyces 
cerevisiae.
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The PI controller, as expected from control theory1 and from
our in silico predictions, performs similarly to the MPC and
ZAD strategies only in the set-point control task, whereas it is
the worst performer in the case of signal-tracking experiments.

The MPC and ZAD controller perform similarly well in all
the control tasks. The main differences are that the MPC
performs slightly better than ZAD for fast switching reference
signals (such at the staircase signal in Figure 6); however, it
requires a higher number of input switches when compared to
the ZAD controller. The ZAD technique may be advantageous
in those applications in which a high cost is associated with
the actuation such as when the input administration can
cause stress to the cells (e.g light stimuli, antibiotic, osmotic
shocks, etc.).
In conclusion, automatic control of gene expression from

inducible promoters is mature enough to be applied routinely
in synthetic biology and more generally in quantitative biology
applications. Although we showed the experimental application
of these control strategies to the GAL1 promoter, the same
techniques can be applied to other inducible promoters and to
different cellular models.
The choice of the control strategy to employ will depend on

which kind of control task needs to be achieved (set-point or
tracking), the complexity of the synthetic circuit to be con-
trolled, the availability of a descriptive mathematical model of

Figure 8. In vivo ramp and sine wave tracking control tasks. The black line is the average fluorescence intensity during the calibration phase of
180 min. The blue line is the reference signal (r). The green line is the measured fluorescence level (y) across the yeast population. The red line is
the control input (u). (A, B) Two in vivo ramp tracking control experiments by the means of the MPC (A) and ZAD (B) controllers. The control
action starts at time t = 0 min and ends at t = 1500 min. (C, D) Two in vivo sine wave tracking control experiments by the means of the MPC (C)
and ZAD (D) controllers. The control action starts at time t = 0 min and ends at t = 2100 min. (E) Performance indices: Integral Square Error
(ISE), Integral Absolute Error (IAE), Integral Time Absolute Error (ITAE), number of switches of the control input, and the percentage of time
during which the cells are provided with the “ON” input.

Table 1. Comparative Analysis Summary

control
strategy

model
required pros cons

PI no ★robust not suitable for signal
tracking control

★reduced
computational
complexity

MPC yes ★suitable for set-point
and signal tracking
control

high number of input
switches

★best performance for
fast varying references

ZAD yes ★suitable for set-point
and signal tracking
control

performs slightly worse
than MPC on fast varying
references

★reduced number of
input switches
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ISE IAE ITAE #switches u(t) Time in Gal(%)
PI 1,71 18,18 5,11 E03 300 66,05

MPC 1,23 12,04 3,62 E03 70 42,53

ZAD 1,43 13,54 4,08 E03 34 55,67
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