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codon table, and these limited kinds of amino acids serve as the building blocks for the natural protein synthesis. During the
long-term evolution, nature is able to expand the structure and function of cellular proteins via changing the sequence
order of amino acids. However, the evolution process is random and lack of controllability. Manipulating the structure
and function of target proteins can also be realized by incorporating an expanded set of building blocks with new
chemical and physical properties. Genetic code expansion for synthesis of proteins containing unnatural amino acids at
any designed position can be achieved via the manipulation of the cellular components responsible for the translation
step of the central dogma, which could endow target proteins with new and expanded properties. This review will be
focused on the introduction of principles, strategies, techniques to engineer and rewire translational machinery and
chassis underpinning genetic code expansion technology. Furthermore, emerging applications in the field of protein
function regulation, innovative biomedicine and biocontainment relying on this technology will also be discussed.

Most lifes on the earth use a set of 20 naturally occurring amino acids as the building blocks for protein synthesis,
according to the highly conserved codon table. Natural evolution modulates the structure and function of cellular
proteins via random mutations among the limited, canonical collection of basic units. Instead, an expanded set of
unnatural amino acids with new chemical and physical properties can be incorporated into proteins by synthetic
biologists with molecular precision. Genetic code expansion for proteins can be achieved by engineering the translation
step of the central dogma. This review will first introduce the principles, strategies, and techniques underpinning
genetic code expansion technology, which targets the translational machinery in model chassis. Furthermore, related,
emerging applications including protein function regulation, innovative biomedicine, and enhanced biocontainment

will be discussed. We conclude with future perspectives.

Key words: unnatural amino acid; genetic codon expansion system; translational tool; adaptive cell chassis; orthogo-nality
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(a) The schematic diagram for genetic code expansion technology
[The unnatural amino acid (unAA) is ligated to the engineered tRNA by a dedicated aminoacyl-tRNA synthetase (aaRS). The product (AA-tRNA)
is then delivered by an elongation factor (for example, EF-Tu) to the ribosome, where the anticodon of the tRNA matches the UAG codon of the

mRNA. The UAG codon will also be recognized by the release factor which results in the termination of translation]
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(b) The schematic diagram for the orthogonality of and aaRS/tRNA pair
(The introduced aaRS should specifically recognize its cognate tRNA and unAA, and should not cross-react with the endogenous aaRS/tRNA pair.
In addition, if multiple aaRS/tRNA pairs are introduced to incorporate different unAAs into the single polypeptide, these pairs themselves should re-

main mutually orthogonal)
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(a) The schematic diagram for the construction of the adaptive chassis via genome recoding
(After comprehensive genome recoding, the‘ open’ codon will be released by deleting the corresponding tRNAs or release factor. By doing this, many

translational errors including premature termination, nonspecific suppression of stop codon and amino acid misincorporation will be eliminated)

L NxN
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AR AR TBUEE B e LR JER AR 5 R

(b) T JE IR AR SRR g 2 i R s = R
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OB L, AT S R R R AR AL R A 5 O J: LR o B R AR R R )

(b) The schematic diagram for the construction of the adaptive chassis via unnatural nucleotides mediated replication, transcription, and translation
(The chassis that stores and retrieves increased information is constructed by introducing the cellular components for maintaining and transcribing
an unnatural base pair (UBP) in its nRNA and DNA. Together with the engineered tRNA with unnatural nucleotides in its anticodon and other
translational tools, the semi-synthetic chassis can produce proteins containing unAAs)

B2 #i7HERENERRERE

Fig. 2 The chassis for genetic code expansion
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