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Rescued influenza A virus with codon deoptimized NS1 gene is
attenuated both in vitro and in vivo

Shijia Luan'? Weiqi Pan'”, Ting Li'~, Huagiang Yang', Beiwu Zhang'~, Feng Li'~,
and Ling Chen1 >3

1 Guangzhou Institute of Biomedicine and Health (GIBH), Chinese Academy of Sciences, Guangzhou 510663, China
2 Department of Biomedicine and Biotechnology, University of Science and Technology of China, Hefei 230027, China
3 Guangzhou Institute of Respiratory Disease, National Key Laboratory of Respiratory Disease, Guangzhou 510120, China

Abstract: To develop novel live attenuated influenza vaccine, we explored the feasibility to attenuate influenza virus by codon
deoptimization of NS1. According to the codon usage bias in influenza A virus, we designed and synthesized a condon-deoptimized
NS gene by substituting codons of 110 amino acids in the NS1 gene of A/Puerto Rico/8/34(HIN1) with unpreferred synonymous
codons. The influenza A virus with the codon deoptimized NS1 gene (deoNS virus) was rescued by reverse genetics. Plaque forming
assay and virus growth curve showed that the growth of deoNS virus was reduced about 1000 times in MDCK cells compared to that
of the wild-type virus. Intranasal inoculation with deoNS virus did not cause death or evident disease in infected BALB/c mice.
Furthermore, the virus titer in the lungs of mice infected with deoNS virus was significantly lower (i.e. 100—1000 times) than that of

wild-type virus. Our results indicated that influenza virus could be effectively attenuated by synonymous codon deoptimization of
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NS1 gene. This strategy will be useful to develop new attenuated candidates for the production of live attenuated influenza vaccines.
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Fig. 1

Synonymous codon-deoptimization in 330 nucleotides of NS1 gene (151 nt—480 nt). 1: the cDNA sequence of PR8 NS1

gene(151 nt—480 nt, GenBank Accession No. AF389122); 2: the sequence with the deoptimized synonymous mutations (the
synonymous mutations are shown in grey); 3: the deduced amino acids sequence(51 aa—160 aa).
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Fig. 2 Codon usage analysis of synthetic deoptimized NS1
gene. Y axis: the relative codon frequency (RCF); X axis: amino
acid and codon usage. The relative frequency of individual
codon (RCF) is shown for each amino acid in black for

influenza A virus genome and in white for the synthetic
deoptimized NS1 gene.
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Fig. 3 RT-PCR amplification of the NS gene from the rescued

virus. 1: DL 2000 marker; 2: negative control; 3: RT-PCR
product of NS gene.
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Table 1 Virus titer in mice lungs after challenge with viruses

Group Days post infection  Virus titer (logEIDso/mL+SD)
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Fig. 4 Plague assay of R-PR8 and deoNS virus. (A, B) Microphotographs of the plaque with magnification of 40 times after 2 days
of infection (A: R-PR8; B: deoNS). (C, D) Scanned pictures of the plaque after 4 days of infection (C: R-PR8; D: deoNS).
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Fig. 5 Real-time quantitative PCR analysis of virus growth in
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Fig. 6 Body weight changes of mice after challenge with viruses.
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