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Abstract: Synthetic biology is an emerging interdisciplinary research field. By designing and constructing new or
re-designing the existing natural systems, it confers them novel functions, which do not exist in nature. Owing to the
predictability and controllability, synthetic biology attracts more and more interest from biologists, physicists, and
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engineers. Synthetic biology approaches not only can be widely used for biotechnological applications but also can be used
to study complex biological systems to address fundamental questions. Here, we reviewed the recent studies following the
concept of “build-to-understand”, particularly, the studies to understand intracellular network structure, cell physiology, the
behavior of multicellular populations, and ecosystems.
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Fig. 1 Network motif in biological system. (A) Typical network motifs, for example negative feedback, positive feedback
and forward feedback loop'. (B) The negative feedback consists of tetracycline repressor TetR and TetR-repressive
promoter displays significant lower level of gene expression noise, in contrast to non-feedback control™. (C) The negative

feedback circuit shows better linearity than the non-feedback circuit'®.
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Fig. 2 Chematic illustration of the experiment and the “adder-per-origin” model. The mreB- or fisZ-titratable strains were
constructed based on Ptet-tetR feedback loop. By the designed genetic circuit, mreB or fisZ expression levels and cell
dimensions were continuously altered. In both case, the D period increased with cell width and length. The C period and
doubling time 1 remained constant. The perturbed D period sets the average number of origins per cell, which is equal to
the scaling factor S because replication initiation triggers cell division. The average number of origins per cell then sets the

average cell volume'"”.
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Fig. 3 Ripe pattern formation. (A) Schematic of the circuit. At high cell density, increased AHL level aids to
DNA-binding of LuxR, therefore activates the expression of cI. CI suppress the expression of heZ, which is required for
bacterial motility. An extra source of CI is regulated by TetR-repressive promoter. aTc as used to induce the expression of
the extra cl. (B) Log-phase bacterial cells were inoculated on semi-solid LB agar plate. The cells formed the stripe pattern
after a period of time of growth. The number of the stripe can be tuned by varying the aTc oncentration'”.
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Fig. 4 Ooperator and cheater. (A) Schematic of the experiment that utilize the sucrose metabolism in yeast. The Cooperator
expresses invertase, which hydrolyze sucrose in the periplasmic space. The vast majority of the glucose and fructose created
by sucrose hydrolysis diffuse away and can be consumed by a mutant cheater, which does not produce the invertase. The
cooperator strain has a defective HIS3 gene, therefore, it is histidine auxotroph. The researchers can tune the cost of
cooperation by tuning the concentration of histidine™”. (B) In sucrose culture, the cooperator and the cheater can coexist. The

data suggests that cooperator and cheater reach an equilibrium as the consuming of histidine, regardless of starting fractions*'
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