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Codon Optimization and Expression of Norovirus

Capsid Proteins in Insect Cells

GUO Li* ZHOU Hong-li* QU Jian-guo* WANG Jian-wei*™ XU Xi-wei® HUNG Tao"

(1.National Institute for Viral Disease Control and Prevention, China CDC, Beijing 100052, China; 2. BeiJing Children’s
Hospital, Beijing 100045, China )

Abstract Norovirus is currently the predominant human calicivirus that causes diarrhea in China.
Among the documented noroviruses, types 4, 1 and 3 are the leading genetics groups. In order to
improve the expression of the norovirus capsid, we re-designed and artificially synthesized the
full-length norovirus capsid genes by adopting the codons preferentially used in insect cells without any
changing of the amino acid sequences. The codon optimized capsid genes of Norovirus GGII1, GGII3,
GGll4 and GGII7 were respectively expressed in insect cell Sf9 using baculovirus vector. The results
showed that, compared to the wild type, the expression levels of the optimized genes were remarkably
increased. The assembly of norovirus-like particles was observed in the Sf9 cells infected with the
recombinant baculovirus expressing the capsid protein. The recombinant capsid expression peaked at
72h post infection of the recombinant baculoviruses. The results obtained in the present work will lay a
foundation for the development of the immunological diagnostic reagents as well as vaccines for human
caliciviruses.
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cDNA

1
Table 1 Adopted codons for the artificial synthesis of genes
encoding norovirus capsid

Amino Acid Codon Amino Acid Codon
Ala(A) GCT GCC Asn(N) AAC AAT
Cys(C) TGC TGT Pro(P) Cccc ccCT
Asp(D) GAC GAT GIn(Q) CAG CAA
Glu(E) GAG GAA Arg(R) CGT CGC
Phe(F) TTC TTT Ser(S) TCC TCT
Gly(G) GGT GGC Thr(T) ACC ACT
His(H) CAC CAT Val(V) GTG GTC
lle(1) ATC ATT Trp(W) TGG
Lys(K) AAG AAA Tyr(Y) TAC TAT
Leu(L) CTG CTC * TAA

2.2
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RT-PCR
cDNA pCDNA I
pCDNA 11/90C EcoR | Xho |
1647bp
pCDNAII/90C  EcoR 1 Xho
|
pFastBac | pFB1/90C
1
2.3
GGll4 GGII3 GGlI1 GGlI7 GGII3

bp
15000y 1 2 3 4
10000 bp
7500
2000
5000
2500 1000
1000 750
500
250 250
100
1 pFB1/90C  pCDNAI1/90C
Fig. 1 Restrictive endonuclease analysis of pFB1/90 and
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Fig. 2 Increased expression of the codon-optimized norovirus

capsid gene
1, rvBacGGII1; 2, rvBacGGll4; 3, rvBacGGII7; 5, rvBacGGII3; 6,
rvBac90C; 7, prestained protein Markers; 4, Negative control.
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Fig. 3 Time-phase of norovirus capsid expression in insect cells
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Fig. 4 Assemly of norovirus-like particles in Sf9 cells after

the recombinant capsid expression
A: Wild norovirus in stool. B: Norovirus formed virus-like particle in stool.
C: Codon optimized GGII3 norovirus capside protein formed virus-like
particle in insect cell. D: Wild type GGII3 norovirus capside protein formed
virus-like particle in insect cell.
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