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A furin cleavage site was discovered in the S protein of the 2019 novel coronavirus
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Abstract: The 2019 novel Coronavirus (2019-nCoV) has caused the pneumonia outbreak in Wuhan (a city of
China). In our previous study, the analytical results showed that both 2019-nCoV and SARS coronavirus belong to
Betacoronavirus subgroup B ( BB coronavirus) , but have large differences, which are consistent with the differences
in the clinical symptoms of two related diseases. The most important finding was that the alternative translation of

Nankai CDS could produce more than 17 putative proteins, which may be responsible for the host adaption. The
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genotyping of 13 viruses using the 17 putative proteins revealed the high mutation rate and diversity of BB
coronavirus. The present study for the first time (on January 21st, 2020) reported a very important mutation in the
Spike (S) proteins of Betacoronavirus. By this mutation, 2019-nCoV acquired a cleavage site for furin enzyme in
its S protein, which is not present in the S proteins of most other Betacoronavirus (e.g. SARS coronavirus). This
cleavage site may increase the efficiency of virus infection into cells, making 2019-nCoV has significantly stronger
transmissibility than SARS coronavirus. The infection mechanism of 2019-nCoV may be changed to being more
similar to those of MHV, HIV, Ebola virus (EBoV) and some avian influenza viruses, other than those of most
other Betacoronavirus (‘e.g. SARS coronavirus). In addition, we unexpectedly found that some avian influenza
viruses acquired a cleavage site for furin enzyme by the similar mutation as 2019-nCoV. Therefore, the natural
mutation can result in a short insertion to form a cleavage site for furin enzyme. The cleavage site for furin enzyme
in 2019-nCoV contains the “CGGCGG” sequence encoding two arginine (R) residues. “CGG” , however, is a rare
codon for human. So we concluded that these two codons were present in the 2019-nCoV —like Betacoronavirus
before they transmitted into human and the intermediate host(s) are mammals with a high relative frequency of
“CGG” usage. We provide a relative frequency table of " CGG" usage in mammals to help identify the intermediate

hosts of 2019-nCoV. Future studies of this mutation will help to reveal the stronger transmissibility of 2019-nCoV

and lay foundations for vaccine development and drug design of, but not limited to 2019-nCoV.
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G@153539 VNVFQTQAGCLIGAEHVNASYECDIPIGAGICASY--HTASV--LRSTGQKSIVAYTMSLGAENSIAYANNSIAIPT
GQ153540 VNVFQTQOAGCLIGAEHVNASYECDIPIGAGICASY--HTASV--LRSTGOKSIVAYTMSLGAENSIAYANNSIAIPT
GQ153542 VNVFQTQAGCLIGAEHVNASYECDIPIGAGICASY--HTASV--LRSTGQKSIVAYTMSLGAENSIAYANNSIAIPT
JX993987 INVFQTQAGCLIGAEHVNASYECDIPIGAGICASY--HTASV--LRSTGQKSIVAYTMSLGAENSIAYANNSIATIPT
DQO071615 TNVFQTQAGCLIGAEHVNASYECDIPIGAGICASY--HTAST--LRSVGQKSIVAYTMSLGAENSTIAYANNSTIAIPT
DQ412043 VNVFQTQOAGCLIGAEHVNASYECDIPIGAGICASY--HTASV--LRSTGOKSIVAYTMSLGAENSIAYANNSIAIPT
DQ412042 PYVFQTQAGCLIGAEHVNASYQCDIPIGAGICASY--HTASH--LRSTGQKSIVAYTMSLGAENSVAYANNSIAIPT
JX993988 VNVFQTQAGCLIGAEHVNASYECDIPIGAGICASY--HTASL--LRNTGQKSIVAYTMSLGAENSTIAYANNSIATIPT
AXY515512 NNVFQTQAGCLIGAEHVDTSYECDIPIGAGICASY--HTVSS—--LRSTSQKSIVAYTMSLGADSSIAYSNNTIAIPT
AY572034 NNVFOQTOAGCLIGAEHVDTSYECDIPIGAGICASY--HTVSS—-LRSTSQKSIVAYTMSLGADSSIAYSNNTIAIPT
AY274119 NNVFQTQAGCLIGAEHVDTSYECDIPIGAGICASY--HTVSL--LRSTSQKSIVAYTMSLGADSSIAYSNNTIAIPT
MG772934 TSVFQTQAGCLIGAEHVNASYECDIPIGAGICASY--HTASI--LRSTGQKATIVAYTMSLGAENSIAYANNSIAIPT
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Fig.1 A furin cleavage site is discovered in the S protein of the 2019 novel coronavirus
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Notes: 13 virus genomes were clustered into 5 groups according to their hosts. These 5 groups were named SARS (AY274119), civet ( AY515512 and
AY572034), 2019-nCoV ( MN908947), Zhejiang bat ( MG772934) and other bat ( the other 8 virus genomes). A. The amino acid sequences of

junctional regions between S1 (upstream) and S2 ( downstream) , the “RRAR” sequence (in red box) was recognized as a furin recognition sequence

“RXXR”, MN908947 was used to predict the protein secondary structure, where H stands for the helix, E stands for the strand, and C stands for the

coil. B. The nucleotide sequence of the insertion (in red box) corresponds to “RRAR”.
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Table 1 Furin cleavage sites in influenza viruses

Virus® Type Subtype AAposition” Furin® Host
MN653237 Influenza A H3N2 342 RQTR Canine
MH363669 Influenza A H3N2 342 RQTR Canine
MH266392 Influenza A H3N2 342 RQTR Canine
MH988772 Influenza A H5N1 343 RKKR Great created grebe
MH988771 Influenza A H5N1 343 RKKR Cormorant
DQB64717 Influenza A H5N1 343 RKKR Goose
FJ602810 Influenza A H5N1 343 RKKR Great black-headed gull
EU401796 Influenza A H5N1 343 RKKR Peacock
MH988774 Influenza A HS5N2 339 RETR Teal
M24457 Influenza A H7N1 339 RKKR Chicken
AJ493216 Influenza A H7N1 340 RVRR Turkey
EF470587 Influenza A H7N3 343 RMTR Chicken
AY303631 Influenza A H7N3 346 RETR Chicken
CY015065 Influenza A H7N3 338 RRRR Turkey
AY338459 Influenza A H7N7 338 RRRR Chicken
712617 Influenza A H7N7 339 RRKR Fowl
747199 Influenza A H7N7 339 REKR Chicken
M17735 Influenza A H7N7 339 REKR Chicken
MKS552554 Influenza A HON2 335 RSSR Duck
LC208508 Influenza A HI9N2 335 RSSR Duck
MN918143 Influenza A HON2 335 RSSR Chicken

VE 56 1 543 ] NCBI GenBank /& ZEf¥) Accession Number; 5 4 31| J& Furin BV 55 AE & RBR 5 A9 A7 B 5 56 5 512 Furin BFYIN S50,

Notes: (a)The Accession Numbers in the NCBI GenBank database.(b) The positions of cleavage sites for furin enzyme. (c¢)The sequences of cleavage

sites for furin enzyme.
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