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Abstract:  Synthetic biology, an emerging interdisciplinary field, involves molecular biology, bioengineering, microbiology, and system
biology, aiming to create entirely new biological systems and products using principles of biology and engineering methods. The conceptualization
of the “cell factory” has propelled synthetic hiology towards industrial applications, allowing the hioengineering technology having a big step
towards industrial application. However, challenges such as low production efficiency, genetic instability, and intricate regulatory processes
persist, hindering the creation of highly efficient and robust “cell factories” for transformation. In recent years, the fields of cell engineering
and genetic engineering have developed rapidly, with the maturation of technologies such as new cell elements, cell chassis, and gene circuit
construction methods. Through precise gene editing and regulation, these technologies can enable the programming of specific functions in cells,
such as enhancing cell metabolism, altering cell differentiation pathways, and designing new cell functional modules, with broad application
prospects.This review provides a comprehensive overview of rapidly evolving cell programming technologies. These technologies, situated
within the realms of cell engineering and genetic engineering, encompass novel cellular components, cellular chassis concepts, and gene circuit
construction methods. The strategic integration of these advancements aims to address the existing challenges in synthetic biology. The utilization
of these technologies is poised to empower engineered bacteria with enhanced working capacities, thus paving the way for the development of
more efficient and resilient “cell factories.”
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AR (gene ) BUTARET, SICHAITAHNIINRE, HBORES Camplifier ) : REAEAEZRIBEILR 46 sl R HAT S g sl OB SR AR5, I FLT LG 3o S50 0 3l 281 i e
ARSI AN RERET] 5 A% IR (biosensor ) : XA 1T NSNS SR HEA T AT AL RO SIS W, A TS 5 A7kRR (memory ) : 2L L)
BHCHZIC T, SER AN AR 5 SERR G &% (repressilator ) : TRICANM I REDRIAFAE ) 124109 T 5 118G (counter ) « S8 L 115520 R4S BAIC I I SN,
ST N S 2 ) A0 N 2 R AR R

Under genetic regulation, each element assumes a distinct role. Amplifier: It amplifies the transcriptional signals with gain control within cascade gene networks, and
functional control inside and outside the cell can be achieved by predicting and dynamically modulating transcriptional signals. Biosensor: Real-time regulation through visual
and dynamic monitoring of environmental components both inside and outside the cell factory. Memory: Memory elements within the cell factory extend its working time by
preserving essential information. Repressilator: Probing intracellular regulatory dynamics. Counter: Catalyzing complex cell programming, the counter concept facilitates more

intricate cell programming and broader biotechnological applications by calculating the cascade reactions of units within the cell

B 1 framERIMES

Fig.1 Topology concepts on cell programming
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“repressilator” 3 MEMFAHOAEH, BIDE. Jord, e JER AT SR EADOEETT (green flurescent protein, GFP ) #1725 o il FHAE R 2 i i B 4%

GFP i 00, ML R B R A PR 5

The “repressilator” comprises three operons interacting and inhibiting with each other. Notably, the zetR gene assumes a pivotal role in governing the regulatory node of GFP.

Through the application of a time-lapse fluorescence microscope to monitor the GFP signal, the circuit manifests periodic oscillations
B 2 #X “repressilator” T{E/RIH

Fig. 2 Work mechanism of initial “repressilator”
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Table 1 Partial modification basis and technology of the cell programming involved in this study
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elements such as promoters (a) , riboswitch (b ) , and transcription regulators
(¢ ) . These hiosensors efficiently convert the sensed signals into diverse outputs,
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valuable insights into the intricate cellular responses to external stimuli
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Table 2 Summary of basic logic circuit construction
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