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Abstract: The biomedical applications of viruses have attracted the attention of researchers because of their unique
properties such as excellent dispersion, stable structure, and mass production. At present, most of viruses for such a
purpose need to be assembled with different functional components including fluorescent probes, targeting ligands,
therapeutic molecules, and so on, to endow them with required performance, for example, visualization, immune
compatibility, specific targeting, and others. Before integrating the viruses with these functional components, they must
be modified. The structure of enveloped viruses consists of nucleic acid, capsid, and envelope. Therefore, biological
macromolecules such as proteins, polysaccharides, phospholipids, and nucleic acids can all be used as targets for the
structural modification of the viruses. The viral protein component can be derivatized and functionalized genetically or

post-translationally. For example, functional proteins or peptides can be genetically fused with the viral capsid directly.
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However, the other biomolecules including glycans, lipids, nucleic acids, and various metabolites are not amenable as

such genetically encoded tags. Bioorthogonal reactions through which the compatible reactive groups can selectively

conjugate with each other under physiological conditions, and also they are not toxic to cells and organisms. The major

features of these reactions include: outstanding reliability, specific selectivity, and good compatibility with naturally

occurring functional groups, making them a powerful tool for studying the structure and function of viruses.In this article,

major characteristics of these bioorthogonal reactions are summarized. Subsequently, general schemes for bioorthogonal

modifications on different viral components are depicted. Furthermore, we review the recent applications of bioorthogonal

reactions in virus-related research, including viral tracking, vaccine development, the diagnosis of viral infections, and

virus-based delivery systems. Finally, we conclude that based on the structure and application of viruses, researchers

could select appropriate bioorthogonal reactions for viruses engineering, and other strategies, such as genetic engineering,

biological coupling, and so on, could also be used to modify viruses to expand their applications.
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Fig. 1 Bioorthogonal reactions based on aldehydes or ketones

[13]

[ Aldehydes or ketones can condense with aminooxy compounds
(top) or hydrazide compounds (bottom) to form
stable oxime or hydrazine linkages, respectively ]
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Fig. 2 Biomacromolecules coupling with ligands by the trace-

less Staudinger ligation reaction.

[The phosphine-modified biomacromolecule (1) could react with the
azide-linked ligand by the Staudinger ligation reaction to yield imino-
phosphorane (2), which rearranges to produce the intermediate (3) for
hydrolysis to generate the coupling product (4) and a phosphine oxide

by-product.]
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Fig.3 Bioorthogonal cycloadditions of azides and
alkynes to form triazoles'"”

[Terminal alkynes are activated by Cu ( ) to undergo cycloaddition
with azides (top). Cyclooctynes react with azides through
a strain-promoted cycloaddition (bottom).]
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Strain-promoted alkyne-azide cycloaddition
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Fig. 4 Site-specific in vivo labeling of enveloped influenza VLPs™"
During intracellular protein synthesis, the AHA is incorporated into the nascent HA proteins. The modified HA is further incorporated into the
vesicles” envelope that can secret from the cells, carrying the chemical modification. Addition of the Alexa 488-cyclooctyne reagent allows the
site-specific modification of HA by strain-promoted alkyne-azide cycloaddition(SPAAC)
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Azide labelled MV
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Fig. 5 Modification of an enveloped measles virus can be

achieved by the metabolic incorporation of azido sugars into

the host cells through the protein glycosylation process™
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Fig. 6 Dual-fluorescent labeling of the viral envelope and nucleic acid in host cells””

[The vaccinia virus (VACV) propagates in the presence of both azide-Cho and [Ru(phen),(dppz)]* in the host cell. The biosynthesis
and incorporation of azide-Cho-containing phospholipids in the host cells are carried out at first ((D);then the cells are infected with
VACYV, and the [Ru(phen),(dppz)]*'is added into the medium at 2 h after the infection, which could enter the cells through the
permeable cytomembrane due to the cytopathogenic effect of the virus to label the nucleic acid of the virions (®); at 24 h after the
infection, DBCO-Fluor 525 is added into the medium to label the envelope of the VACV (®); after another 24 h with the infection,

the dual-labeled virions are finally assembled and released.]
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Fig. 7 Dual-fluorescent labeling of viral protein and nucleic Jii 5 (herpes simplex virus, HSV) %5 [ 7E 41 i #%

acid in host cells"”
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Fig. 8 A cartoon illustration for incorporating the O-GlcNAz residue with the adenoviral fiber protein

and subsequent chemical modification with the ligand™

[ Potential sites for the O-GIcNAz incorporation are indicated with red circles. Either

“Click” (1) or Staudinger ligation (2) chemistry is used to decorate metabolically labeled adenovirus. ]
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