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Abstract: Since the outbreak of the severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) at the end of
2019, it has evolved into different lineages, including Alpha, Beta, Delta, and Omicron. The development of broad-
spectrum vaccines has become a necessity for preventing the highly mutated respiratory viruses. Traditional vaccine
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antigens, originating from prototype strains, cannot cover rapid mutations with these viruses, leading to breakthrough
infections. With the development of synthetic biology, new technologies such as multivalent coupling of antigens,
reconstructed dominate antigen modules, engineering design of conserved epitopes, epitope display, and computation-
guided reconstruction have enabled redesigning antigens to achieve stronger immunogenicity with broader spectrum.
The technology of synthetic biology is also applicable in the vaccine production process, such as antigen expression in
nanoparticles, viral vectors, nucleic acids, and subunits. This article reviews the applications of synthetic biology
technology in developing broad-spectrum vaccines in recent years, particularly for the broad-spectrum SARS-CoV-2
vaccines, and summarizes how to display common antigens and cross-antigenic sites by the reverse vaccinology for the
activation of broad-spectrum immune responses against different mutant strains, achieving broad-spectrum vaccine
protection effects through “remaining constant in response to ever-changing”. The article also provides a
comprehensive comparison of the strengths and limitations of different broad-spectrum vaccine design strategies and
discusses challenges to applying synthetic biology in the development of vaccines, offering valuable insights for

universal against highly mutation viruses.
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Table 1 Research progress in SARS-CoV-2 vaccines
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Fig. 1 Applications of synthetic biology in the reverse design of vaccines
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Fig.2 Schematic diagram for engineering conserved epitopes HR1 and HR2 to develop broad-spectrum vaccine antigens
(Membrane fusion mediated by the SARS-CoV-2 S2 subunit. Initially, the standing RBD engages with ACE2, and subsequently, the S1 subunit
dissociates from S2, followed by the exposure of the S2 site and the cleavage of S2 by the host proteases. HR1 undergoes a “jack-knife” refolding
change to allow the insertion of FP into the host cell membrane. The folding back of the extended SH-HR2 element packs against the long central
CH-HRI coiled-coil, inducing the binding of SH onto the outer region of CH and HR2 to the HR1 groove. Subsequently, membrane fusion occurs

between the viral particles and host cells.)

(a)

B3 EAERAHRI2IMEEEL 3D () ULLHEAER A HRILS MEAE. 3D45H (b)
Fig.3 Schematic diagrams of the dimer protein HR121 and predicted structures (a) and the trimeric protein HRILS and predicted

structures (b)
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Table 3 Research progress in vaccines against the conserved epitope of SARS-CoV-2
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Fig. 4 Schematic diagram of strategy for designing consensus sequences

[62]

(Taking the SARS-CoV-2 consensus sequence Span as an example. O Establishing the whole sequences library; @ Evolutionary calculations of the

viruses; @) Constructing an evolutionary tree for the viral strains to obtain representative ones for each branch; @ Utilizing representative strains to

calculate the consensus sequences, and refining and optimizing them by incorporating back into the database; & Obtaining the consensus sequences

located at the evolutionary center.)
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Table 4 Research progress of the SARS-CoV-2 vaccines developed based on novel adjuvant strategies
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