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Abstract: In 2019, 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 belongs to Betacoronavirus subgroup B (BB coronavirus), but have large differences. 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 genotyping of 13 viruses using the 17
putative proteins revealed the high mutation rate and diversity of betacoronavirus. The present study for the
first time reported a very important mutation in the Spike (S) proteins of BB coronavirus. By this mutation,
2019-nCoV acquired a cleavage site for furin enzyme, which is not present in the S proteins of all other BB
coronavirus (e.g. SARS coronavirus) except the Mouse Hepatitis coronavirus (MHV). This mutation may
increase the efficiency of virus infection into cells, making 2019-nCoV has significantly stronger
transmissibility than SARS coronavirus. Because of this mutation, the packing mechanism of the
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 all other BB coronavirus (e.g. SARS coronavirus) except the
Mouse Hepatitis coronavirus (MHYV). In addition, we unexpectedly found that some avian influenza viruses
acquired a cleavage site for furin enzyme by mutation as 2019-nCoV. Further 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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20194F12H, A EEBIRIE 7201957 B K% 5 (2019 novel Coronavirus, 2019-nCoV) 5l i#Z[f)
Jifi % o 52 F2019-nCoVIEF (5 B, FATRIL: (1)2019-nCoV5 ™ H 2 PERFIR 25 & 1iF (Severe Acute
Respiratory Syndrome, SARS) &Ik 7% # (SARS Coronavirus, SARS-CoV ) [F]J& Beta & % 7 B 1. (BB
R, HFEMREZFIRK, X—REWERRERZER—B (20 5SARSTERITTH
EC, 2019-nCoV HARRE JHLES, (FAEREI TSR (3D WIEHT 4SS R SCHF2019-nCo VIR H 55 3k
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CUJ 2 AR AY RE42 S 10 #0208 1 5 7 1O IRl & 25 (1 5 H0ZE RS & (RkED R, ok,
SARSTHARIKGEESH [ (Spike protein)  HIVELIEHEE 4 (Envelope glycoprotein, Env) L/ £ Ifl
%t#% (Hemagglutinin, HA) FUIEMHIHEHEEH (Glycoprotein, GP) %5 & T ISR & E A[1].
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JEE Rk &) MR G 0K 2 5 #H 21100 3] 100065 [2]. Bk T B AT 28 7 1K % 5 (The Mouse Hepatitis
coronavirus, MHV)#t, SARSEH & KB 7 Betayl R 75 () S15S2.2 [A] () 52 #+ X (Junctional region)
WA W Furinx A EEVIEI A7 5 (cleavage site) , RIFurinf FIEEUIAL A o
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FERTIIBE T, JRAIEAL T 13 2% BB iR TR 2L KI5 %1,  (GenBank: JX993987. JX993988.
GQ153539. GQI153540. GQ153542. DQO71615. DQ412042. DQ412043. AY515512, AY572034.
AY274119. MN908947 1 MG772934) . {EAWIFLH, 13 s FIMRIE LG Eo A, HT—F
W5, X FA A4 SARS (AY274119) R P (AYS515512 FI AY572034).2019-nCoV (MN908947) .
Sk EHTL A L AR 2 SRR AR (MG772934) FIH B URIERF AR (MG772934 Z 4k 8 2%k H il 1) /5
H)e Fi4bh, HREEFEREE T 29 5% 2019-nCoV HEFEAFHIH THAg R fEAB S, FHZEL
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ZF AN A FurinBE )47 55 IR AR “RXXR” [5]. HEXF2019-nCoV 5 SARSZ [A]AZ A X A% R 5 471,
KIAR FRPERAE AN 71203 (B1IB) . PL “CGGCGG” A#Z LA S A3 i 254 FE 15 bp,  FIXEX
FE AL BINCBI NTHME 2, KL “CGGCGG” MATRAMMEMnIfe. Kk, a0 LT 77 Uk
BRIX BT H1 2k B W st At iR R BH . (1) 2 NCBI Genbank 304, ## =4DL E e
28 [12019-nCoVIE Y17 HI LR “CGGCGG” 5 (2) HZNCBI Genbank ¥4 5, M T I Betajeh Ik
FiEE (2019-nCoVERAM) ISE M FIX i % “RRAR” #E, RILH A WU 4 R0 55 A7 12
[FEFE N Furinf§ U167 21, 1 HAZ “RRARR” 5 (3) @i E A &M Hitllih e “RRAR” kS
St & mxt .

A.

GO153539 VNVFQTOAGCLIGAEHVNASYECDIPIGAGICASY—--HTASV--LRSTGOKSIVAYTMSLGAENSIAYANNSIAIPT
GQ153540 VNVFQTOAGCLIGAEHVNASYECDIPIGAGICASY--HTASV--LRSTGOKSIVAYTMSLGAENSIAYANNSIATIPT
GQ153542 VNVFQTOAGCLIGAEHVNASYECDIPIGAGICASY--HTASV--LRSTGOKSIVAYTMSLGAENSIAYANNSIAIPT

JX993987 INVFQTQAGCLIGAEHVNASYECDIPIGAGICASY--HTASV--LRSTGOKSIVAYTMSLGAENSTIAYANNSIAIPT
DQO071615 TNVFQTOAGCLIGAEHVNASYECDIPIGAGICASY--HTAST--LRSVGOKSIVAYTMSLGAENSTIAYANNSIATIPT
DQ412043 VNVFQTQAGCLIGAEHVNASYECDIPIGAGICASY--HTASV--LRSTGQOKSIVAYTMSLGAENSIAYANNSIAIPT
DQ412042 PYVFQTQAGCLIGAEHVNASYQCDIPIGAGICASY--HTASH--LRSTGQOKSIVAYTMSLGAENSVAYANNSIAIPT
JX993988 VNVEFQTQAGCLIGAEHVNASYECDIPIGAGICASY--HTASL--LRNTGQKSIVAYTMSLGAENSIAYANNSIAIPT
AY515512 NNVEQTQAGCLIGAEHVDTSYECDIPIGAGICASY--HTVSS--LRSTSOKSIVAYTMSLGADSSIAYSNNTIAIPT
AY572034 NNVEQTQAGCLIGAEHVDTSYECDIPIGAGICASY--HTVSS--LRSTSOKSIVAYTMSLGADSSIAYSNNTIAIPT
AY274119 NNVFQTQAGCLIGAEHVDTSYECDIPIGAGICASY--HTVSL--LRSTSOKSIVAYTMSLGADSSIAYSNNTIAIPT
MG772934 TSVFQTOAGCLIGAEHVNASYECDIPIGAGICASY--HTASI--LRSTGQKATIVAYTMSLGAENSTAYANNSIATIPT
MN908947 SNVFQTRAGCLIGAEHVNNSYECDIPTIGAGICASYQTQTNS PRRARSVASQSTIAYTMSLGAENSVAYSNNSTATPT
Secondary

Structure: CCCCCCCCCEEECCCCCCCCCCCCCCCCCCEEECCCCCCCCCCCCCCCCEEEEEECCCCCCCCCCCCCCCEEEECCC

B.

AY27A119 GACACTTCTTATGAGTGCGACATTCCTATTGGAGCTGGCATTTGTGCTAGTTACCATAC——-——— AGETTCTTTA-—

N R e e e N R R RN R [T
MN908947 AACAACTCATATGAGTGTGACATACCCATTGGTGCAGGTATATGCGCTAGTTATCAGACTCAGACTAATTCTCCTCG]

AY27A119 —--—-—-TTACGTAGTACTAGCCAAA-AATCTATTGTGGCTTATACTATGTCTTTAGGTGCTGATAGTTCAATTGCTTAC

CEEEEEr  reen I8 4 0 S [ S A O 9 0 0 ' e ) e 1 1 PO .
MN908947 [GCGGGCACGTAGTG-TAGCTAGTCAATCCATCATTGCCTACACTATGTCACTTGGTGCAGAAAATTCAGTTGCTTAC

AY27A119 TCTAATAACACCATTGCTATACCTACTA

FEEErreer e et el
MN908947 TCTAATAACTCTATTGCCATACCCACAA
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Figl. A furin cleavage site was discovered in the S protein of the Wuhan 2019 novel coronavirus

13 26 P AR e 0 N T Tk — Pt oe, IX T2 dn 44 SARS (AY274119) 5 M (AY515512 Hil AY572034).
2019-nCoV (MN908947). 3K FHWiiL ALl (Il HEA (MG772934) FNFLElmiE it id (MG772934 Z 41 8 43K H il
FFED. A: XEEIRIE ST (L) 5 S2 CRE) MM R X P ZEERFS: “RRAR” [F5 (LG I5HE
W) FF4 Furin BRUIAL s IR AR “RXXR”; 8 Z 45 M TR T MNO0894T ], H ARFLIRHELH helix, E
REHT B strand, CARETME ML coil. B: FNM—BIZIRIFH] (LLETTHEND 5 “RRAR” FFHIRNS R,

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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SRt S1R S2 ARG AR (K B WKL [6]. 53— 7T, I 2019 ARG EF M S & 1 OB 1
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BARREEAA . 54, R667T 18I B R 2 el R 2 S 5 (1 P i) Furin BEYINL . 7 SLI0R W
RAE SARS b RIEHE S FEAMZZ A X 1) R667 5 R797 [T AN Furin BEYIAL &1, ATRESHYSR S £
HERL &R 7. B, 2019-nCoV 5 SARS AR EEAHEL,  [FIB 4% Furin(R685)F1 5 8 [ B lG 1]
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T REREE AT, HIV (GenBank: NC 001802.1) ) gpl60 Fi%1H H7% % ( GenBank:

1M SARS 7t

NC _002549.1) GP K Furin BFUIA7 520 5172 “REKR” Al “RKIR” , 1fi Beta w0056 35 R A RAT & 7
R EAELE Furin BEYIH7 25 “RRARR” , a4k I, SARS % Beta 7l IR # 5 FL AT Furin B U467 25 19
HemirGERHERIGIAR R A — RV, —SRUBR TR HA ] Lo AR — A4
Furin S A BGVIAL R, T HIX SRR KA R S (R 1D o 2019-nCoV fEHLIERE 3R T
Furin B V)AL T, X —RAS R ARN HUB LS AR 2 D R A BOR RN, H S 200t TN Bh T34 14 i

it RES R A 2R 1 T i LA O BRI R A ML B DGR, B Bh - 3RA 14 Beta 5t bR 973 25 (1) (.25 AL e MLk )
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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
MHO988772 Influenza A H5N1 343 RKKR Great created grebe
MH988771 Influenza A H5NI1 343 RKKR Cormorant
MNO918143 Influenza A HON2 335 RSSR Chicken
EF470587  Influenza A H7N3 343 RMTR Chicken
AY338459 Influenza A H7N7 338 RRRR Chicken
712617 Influenza A H7N7 339 RRKR Fowl
M24457 Influenza A H7NI1 339 RKKR Chicken
CY015065 Influenza A H7N3 338 RRRR Turkey
747199 Influenza A H7N7 339 REKR Chicken
M17735 Influenza A H7N7 339 REKR Chicken
AJ493216  Influenza A H7N1 340 RVRR Turkey
AY303631 Influenza A H7N3 346 RETR Chicken
MH363669 Influenza A H3N2 342 RQTR Canine



MH266392 Influenza A H3N2 342 RQTR Canine
MH988774 Influenza A H5N2 339 RETR Teal
MK552554  Influenza A HIN2 335 RSSR Duck
LC208508 Influenza A HON2 335 RSSR Duck
DQ864717 Influenza A H5NI1 343 RKKR Goose
Great black-headed
FJ602810  Influenza A H5N1 343 RKKR cull
EU401796 Influenza A H5N1 343 RKKR Peacock

2H—%11§ FINCBI GenBank#{ % J ] Accession Number; 55 VU 51 f& Furinf§ U1 {57 /5 76 S 2 5 %1 P A A2 1 ; 26 7141 & Furin
g DAL R PP A
2 The Accession Numbers in the NCBI GenBank database. ® The fourth column are the positions of the Furin recognition site.

¢ The fifth column are the sequences of the Furin recognition site.
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