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Editorial on the Research Topic
 Synthetic Nucleic Acids for Expanding Genetic Codes and Probing Living Cells



Synthetic biology is a new and emerging discipline that involves the design and construction of novel biological probes and entities such as enzymes, genetic circuits, or synthetic cells with engineered or expanded biological functions. The field of synthetic biology developed as a result of revolutionary biotechnologies, such as high-throughput DNA synthesis, rapid genome sequencing, as well as directed and continuous evolution approaches to probe cellular functions at the most basic level, including modifying the sequences of nucleic acids and proteins in living cells. Re-writing or re-programming existing biological systems to produce designer proteins and nucleic acid polymers is a major area of focus in synthetic biology.

This special issue of Frontiers in Bioengineering and Biotechnology brings together diverse and cutting-edge applications in synthetic biology. The work highlights the utility, adaptability, and innovative potential of RNAs, including engineered or synthetic RNAs, in revealing biology at the molecular level. Applications of these synthetic nucleic acid technologies span multiple fundamental areas of synthetic biology including genetic code expansion and new fluorescent probes for observations of mistakes in protein synthesis or microRNA activity in live cells.


GENETIC CODE EXPANSION WITH AND WITHOUT CELLS

Several of the studies in this special issue focused on the area of genetic code expansion. The field involves a range of methods that enable protein synthesis with additional or non-canonical amino acids (ncAA) beyond the standard 20 amino acids building blocks normally used in protein synthesis. Overall, research in this field has led to a staggering array of different chemical functionalities that have applications in site-specific protein labeling with fluorescent or reactive probes, and in protein modifications, such as programmed phosphorylation or acetylation. Indeed, as an introduction to this area, Chung et al. provided an insightful review of the many applications of genetic code expansion, highlighting studies that biochemically characterize specifically labeled or modified proteins.

Pyrrolysyl-tRNA synthetase (PylRS) is a naturally occurring enzyme in certain anaerobic archaea and bacteria that has been used to incorporate > 50 different ncAAs into proteins, reviewed in Wan et al. (2014). Jiang et al. pushed the enzyme yet further and produced an engineered PylRS mutant with an enhanced activity and the ability to incorporate additional ncAAs, including histidine, and cysteine analogs that have applications in protein engineering and studies of protein function.

Going beyond the barriers to synthetic biology associated with living cells, Cui et al. reviewed advanced cell-free methods for protein synthesis with multiple different ncAAs. Cell-free approaches enable the production of designer proteins with an expanded palette of ncAAs that include diverse chemical functionalities or unusual backbones (β-amino acids or α-hydroxy acids), including those that might be toxic to cells. Using a cell-free system, Xiao et al. developed a novel approach to generate synthetic proteins with site-specific modifications using a flexizyme. The method employs a flexizyme, which is a nucleic acid enzyme or ribozyme that aminoacylates transfer RNAs (tRNAs) with a desired non-canonical amino acid (ncAA). The authors demonstrated synthesis of histones with site-specific lysine acetylation or incorporation of a non-hydrolysable thioacetyl-lysine analog for studies on the histone code.

Finally, McKenna et al. used genetic code expansion to generate specifically phosphorylated forms of the oncogenic kinase, AKT1 (Figure 1A). The system relies on an engineered transfer RNA (tRNA) (Hohn et al., 2006) that is specifically recognized by phosphoseryl-tRNA synthetase (SepRS) to reassign UAG codons to phosphoserine. The authors produced active variants of the kinase to validate putative AKT1 substrates (Balasuriya et al., 2020), which represent new targets to inhibit AKT1-dependent oncogenesis.


[image: Figure 1]
FIGURE 1. Synthetic and engineered RNAs for genetic code expansion and probing living cells. The schematic highlights a few of the innovative technologies described in this special issue. These include engineered transfer RNAs (tRNASep) to enable genetic code expansion and applications such as the production of active human kinases (A). In addition, this special issue highlights novel reporters of RNA activity, including green fluorescent protein reporters sensitive to either tRNA-dependent amino acid mis-incorporation (B) or microRNA activity (C).




FLUORESCENT LIVE-CELL REPORTERS FOR MISTRANSLATION AND GENE SILENCING

Chen et al. engineered a novel fluorescent reporter (Figure 1B) to observe and quantify errors in proteins synthesis in live cells. The technology enabled studies of an editing defective tRNA synthetase that produces both properly aminoacylated as well as mis-aminoacylated tRNA species leading to mistranslation in bacterial cells.

MicroRNAs are naturally occurring small non-coding RNAs that bind to particular messenger RNAs (mRNAs) for gene silencing. Although the ability of miRNAs to regulate gene expression, including that of oncogenes, is well-known, approaches to measure microRNA activity are often lacking. Siddika and Heinemann reviewed a new and emerging field devoted to engineering protein reporters and new methods to detect and quantify microRNA activity, localization, and quantity (Figure 1C). Next generation RNA sequencing, for example, can uncover unknown microRNAs, and fluorescent microRNA probes can measure the level of active rather than total microRNA in living cells (Turk et al., 2018).

The ability to precisely manipulate gene expression is important for defining how gene products function and for designing genetic circuits for synthetic biology. Indeed, microRNAs inspired the use of synthetic RNAs to silence gene expression as well. RNA interference (RNAi) is a technology that allows targeted silencing of particular mRNAs with complementary sequences. Because silencing RNAs (siRNAs) are normally produced as a duplex, the opposite or passenger strand, has significant potential to silence off-target genes. Sheng et al. reviewed new approaches to reduce off-target gene silencing using single stranded siRNAs.

In summary, here we highlighted innovate approaches involving engineered or synthetic nucleic acid-based technologies to expand the genetic code with additional amino acids or to observe or manipulate the activity of different kinds of RNAs in living cells. We anticipate that the studies contained in our special issue will inspire new RNA technologies for applications in biomedical research and synthetic biology.
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