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B ZE.H A EWEF (Severe Acute Respiratory Syndrome Coronavirus 2,SARS-CoV-2) & & # K LB —FF T 2 L ARy B B &
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WAk E E A, KA MEGAS.05 # #9 Neighbor-joining 3 # # £ F SARS-CoV-2 Np B8 3= 7 7 th 2 48 & & #; UL
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Protean 1% $t #EAT 947 BN , 4 & Phyre2 £ % T EAE W &Y = |8 £ 47, 45 4 HUA Wuhan-Hu-1 Np 89 B @b B MR KL, £ R
&I T F H X SARS-CoV-2 Np #9582 7 7| & & A8 4L (99.6%~-100% ) , Wuhan-Hu-1 Np % 28 5 5| & 419 aa, 2% 8] A4 & H 2
AU, e PE a-BRTMENB-HEB-HARTANEGEN, L5 B EE P NMERE T, TN BARTELRCLALT
52~59 69~75.83~89 106~ 115,119 ~ 124 130~ 136,154 ~ 166,217 ~ 227,243 ~ 249 267 ~ 273,299 ~ 315 333 ~ 339 347 ~ 363,
379~385.389~401.,403~411 & H B X F, K# K § & N FF K SARS-CoV-2 RALEH AL Bk Al Ew B AR FREE R
2B, 7 E ¥ COVID-19 4 F — B sk |
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Spatial structure of Np of novel coronavirus Wuhan-Hu-1
strain and prediction of its B-cell epitope

GAO Kexing, LU Fei, GAO Jingxi, HU Zhigang, JI Feng”, GUO Zhigang "
(School of Life Sciences, Nanjing Normal University, Nanjing 210046, China)

Abstract: Severe Acute Respiratory Syndrome Coronavirus 2 ( SARS-CoV-2) is a newly discovered infectious
coronavirus, which can cause Coronavirus Disease 2019 ( COVID-19). The outbreak of the disease has caused
severe impact both at home and abroad. Compared with the other three structural proteins encoded by SARS-CoV-2,
Nucleocapsid phosphoprotein ( Np) is more conservative and plays an important role in pathogen diagnosis, vaccine
design, and treatment. This paper aims to predict the spatial structure of Np in Wuhan-Hu-1 strain and its B-cell
epitope ,and lay a foundation for the development of epitope vaccine and related monoclonal antibody of SARS-CoV-
2. In this study, the Neighbor-joining method in MEGAS5.05 was used to construct a phylogenetic tree based on the
base sequence of Np of SARS-CoV-2 strain. The SARS-CoV-2 Wuhan-Hu-1 strain was used as the research object,
and parameters such as hydrophilicity index, flexible region, surface possibility, and antigenic index were analyzed
and predicted by the Protean module in the DNAStar software, combined with the spatial structure simulated by the
Phyre2 online tool, so as to comprehensively predict the dominant B-cell epitopes of Np of Wuhan-Hu-1. Results
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show that the gene sequences of Np of SARS-CoV-2 isolated from different regions were highly similar (99.6%-
100% ). The amino acid sequence of Np in Wuhan-Hu-1 strain was 419 aa.The spatial structure of Np in Wuhan-
Hu-1 strain was fairly regular. It contained only a small amount of a-helixes, while most of the structures were
B-sheets, B-turns, and random coils. Results of multi-parameter comprehensive analysis showed that the possible
antigenic epitope regions of B-cell were located in the amino acid regions of 52-59, 69-75, 83-89, 106-115, 119-
124, 130-136, 154-166, 217-227, 243-249, 267-273, 299-315, 333-339, 347-363, 379-385, 389-401, and
403-411. The results of this study can provide theoretical information for the development of epitope vaccine, rapid
diagnostic reagents, and monoclonal antibodies with respect to SARS-CoV-2, and offer new strategies for COVID-19
treatments.

Keywords : Coronavirus Disease 2019 ( COVID-19) ; Severe Acute Respiratory Syndrome Coronavirus 2 ( SARS-

CoV-2) ; Wuhan-Hu-1; Nucleocapsid phosphoprotein; Spatial structure; B-cell epitope
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Fig.2 Protein structure prediction of Np in
Wuhan-Hu-1 strain
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Phylogenetic tree of SARS-CoV-2 N protein base sequence isolated from different countries and regions
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PAPRFRIAS [ 19 77 25 43 5508 Np i 9 2544,
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WRE s A AR AR BT S, Ho M B3 5] Ry
— X BEH 262 ~274 (13 aa) ; B-H5 £ 70 Aii L # 1)
5], 189~ 196 X Bifr K (8 aa) , A 1EEL> Z ik
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A ER X I B - o MR E S HIO A1, Horh 368 ~ 382
X B AR e K X1 o-BRE (15 aa) , B-HTE i 47
A T IN ES A 5 D 5 B4 A X 80 A 3
A1 RI— X BEh 182~209(28 aa) (W 3 3%
1.%2), P Karplus-Schulz ¥ 7l H i) Wuhan-Hu-
1 ¥k Np X B ARTE 5~15,17~50,57~83,89 ~
106,114~119,125~128,136~153,161 ~169,174 ~
208,211~216,225 ~ 250,254 ~266,275 ~299,309 ~
310,325~ 329,339 ~ 348,361 ~ 392,401 ~ 416, A] U,
Np FFTEZ AP IX B, A AT g B i 2 353k r
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Fig.3 Secondary structure of Np in Wuhan-Hu-1 strain predicted by different methods
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Fig.4 Flexible regions of Np in Wuhan-Hu-1 strain predicted by Karplus-Schulz method

% 1 Garnier-Robson ;&7 A Wuhan-Hu-1 # Np M”44
Table 1 Secondary structure of Np in Wuhan-Hu-1 strain predicted by Garnier-Robson method

Secondary structure Location

54~58,60~62,125,135~ 136,154~ 155,216 ~233,249~261,311~317,340,346~ 357,
366~385,397~408,417~419

a-helix

1,9~18,31~32,39~42,51~53,64~66,71~76,82~95,100~ 106,108~ 112,118 ~ 122,
B-turn 129~ 134,144~ 148,155~ 162,165~ 174,181~ 185,207 ~ 211,240~ 248 , 262 ~ 274,281 ~ 282,289 ~ 293 ,
302~307,321 ~325,330~339,358 ~ 362, 388 ~ 396,409 ~ 411

2~3,7,34~38,43,63,67~69,77,81,96~97,107,113~ 114,123~ 125,127~ 128,
B-sheet 137~138,143,163~ 164,175~ 178,186~ 187, 189~ 196,200,203 ~ 204,234 236 ~237 ,275~276,280
283,294 ~300,327~329 341 ~342 345 365,386~ 387

4~6,8,19~30,33,44~50,59,78~80,98~99  115~117,125~ 126,138 ~ 142,149~ 153,
random coil structure 179~180, 188,197~ 199,201 ~202 205~ 206,212 ~ 215,235,238~ 239,277 ~279 281 284 ~ 288 ,
301,308 ~310,318~320,326,343 ~ 344,363~ 364,412~ 416

% 2 Chou-Fasman ;&5 Wuhan-Hu-1 # Np I ZR &
Table 2 Secondary structure of Np in Wuhan-Hu-1 strain predicted by Chou-Fasman method

Secondary structure Location

35~40,52~56,61~65,100~ 104,137~ 140,216 ~231,251 ~254 347 ~359 368 ~ 382,
387~391,394~400,405~410

a-helix

B-turn 13~18,49~56,83~95,109~113,130~136,155~161,267~275,329~332,388~396

2~9,19~34 41~48,57~60,66~69,75~82,96~99,105~ 108,114~ 117,121 ~ 124,126~ 129,
B-sheet 141~144,150~ 153,162~ 165,167~ 170,176~ 179,182 ~209,212~ 215,236~ 239,241 ~ 244 247 ~ 250,257 ~ 260,
278~289,295~298,308~311,316~319,325~328,333~336,343 ~ 346,364~ 367,383~ 385,401 ~404,413 ~416

2.4 Wuhan-Hu-1 #k Np BI3E/K 50 R E 7] getE 182~207,226 ~ 270,276 ~ 283,294 ~ 301,339 ~ 347,

K (Kyte-Doolittle 7 ) 2087 S /R (WLIE 5),  356~390,401~410,414 ~419 [X 385 /Y 22 18 7T fiE P4
Np /KX B b b, LB s R8I S, — Ko Jrr g A8 7, RN 5 v S0 i) 30 &2 3 4, B
AAEBRZEE SR K SR . R AT BEVE (Emini ) A ATRENL T Np R, H & 1E 8 ik 3 Bt e 3% L 1Y
ST R (E 6),1~13,20~49,58~68,75~97,  H#¢k,
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N3 ™ Alpha, Regions-Garnier-Robson

0 B Hydrophilicity Plot-Kyte-Doolittle
45
5 Wuhan-Hu-1 #k Np B3k &
Fig.5 Hydrophilicity of Np in Wuhan-Hu-1 strain
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Jameson-Wolf yE TN 25 2R Wos (WK 7)), HZ
AU ECR = 9 IX 884 41 T Wuhan-Hu-1 Bk Np
L 2~12,17~48,58~71,75~85,88~ 108,113 ~
130,137~ 153,171 ~ 216,226 ~ 267,274 ~ 300, 337 ~
349,355~390 X, Hirp 171 ~ 216 M Hu 45 £

280 300 320 340 360 380 400

u-‘ /5 O Surface Probability Plot-Emini

Wuhan-Hu-1 #k Np B3R 7 8 1%
Fig. 6 Surface probability of Np in Wuhan-Hu-1 strain

1 X B, 5cA AT REAE A L3R A

2.6 Wuhan-Hu-1 #k Np B[R RAGLI5%L
Kolaskar-Tongaonkar {2 F1 il 25 5 i 7= ( WLIE] 8)

Wuhan-Hu-1 #k Np BY$LJ 6 B7E 0.874~1.197 Z [H]

sl , BIEH 0.988,

20 40 60
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17
W@M‘ @ Antigenic Index-Jameson-Wolf
-1.7

& 7 Wuhan-Hu-1 # Np Bin/R541
Fig. 7 Antigenic index of Np in Wuhan-Hu-1 strain
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Position

Wuhan-Hu-1 ¥ Np R R IEEL

Fig. 8 Antigenic epitope index of Np in Wuhan-Hu-1 strain

2.7 Wuhan-Hu-1%k Np B9 B 40 3% {0 7 i 25 3R
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PEFREL PR 5L 8 A SR T ] Re M SRR R AL S
BT AT, S H PR R AR Bas R, w . an i)
H—X B YRR S = 0.988 (¥{H) . F i nl BE
PE= 1 kktE= 0, 2005 6 MR, HN
P BRI I DX AEAE S 1 DX B, DA 32 IX B AR R %
ATLMESN Np (9 B b i, 456 25 () il 45
WL AF A LR AR 16 DML RN (I
%3).

3 9 8

PUIE AL (Epitope ) S48 P 58 B J5URE S ELA
TR S SRR P 91 K HL2R i i 25 2
RN AN ] SE S RSN U L AR S NAL) A NN
N S PRI AANE B A B R g
T T HE— AR (5~ 7 aa) , FITEIX Be &5 #) £
KBRS HA TR 3P, A e R EE 9 4
JRREA, 257 TN AT AN 2 W 25 T e S
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B AV E T I o % S B BRI RE L AR T
M NCBI 358 T Wuhan-Hu-1 ¥k Np 2382751 (419
aa) , %% (A 2540 FiN 45 45 75 , Wuhan-Hu-1 ¥k Np 25
A GICAARAR , P S B K A R AR T — 8 Bt
1 B-4rE HARZH B MAATCHLINE 716 T

R, FIRAETE D B o-180E, A i FR
R SARS-CoV-2 3K % 58 A5 % A v [
YT e Np B WP v AR <7k MERA
I Wuhan-Hu-1 #£ Np HTJR A7 0] DL R R — 20
B TAESRHE T 17

%3 Wuhan-Hu-1#k Np B A ERE R EREF T

Table 3 Amino acid sequence of B-cell antigenic epitope of Np in Wuhan-Hu-1 strain

Seauence Initial position Terminal position Amino acid sequence of B-cell Length/aa
number antigenic epitope
1 52 59 WFTALTQH 8
2 69 75 GQGVPIN 7
3 83 89 QIGYYRR 7
4 106 115 PRWYFYYLGT 10
5 119 124 AGLPYG 6
6 130 136 IIWVATE 7
7 154 166 NAAIVLQLPQGTT 13
8 217 227 AALALLLLDRL 11
9 243 249 GQTVTKK 7
10 267 273 AYNVTQA 7
11 299 315 KHWPQIAQFAPSASAFF 17
12 333 339 YTGAIKL 7
13 347 363 KDQVILLNKHIDAYKTF 17
14 379 385 TQALPQR 7
15 389 401 QQTVTLLPAADLD 13
16 403 411 FSKQLQQSM 9

SARS-CoV-2 i F £ 5 8R! Np R H 2
G U RN ZE A (Np ML E . S) Z—, TR i 9]
W7 A I S B Y RS e R S5 R ) Np
KRR TR R Y i) B IR R Y
Pl B, 5 1E b JoAl Beta 7R # 41 SARS-
CoV \MERS-CoV &5/ P2 Wt I FIAH DGR i i 1T
AAER Y B RS BUR E R, E
P HR I T R 25 W R T R A 22 i
BEAR S5 S 0 AU e B DG VR T, T Np 76
ol ) 1 e B A ST R IE G AT s A
B HETHLRBAEY)  Bioss ZE R B B H 41
Xt Wuhan-Hu-1 ¥k Np BT, B AR IAE R IEA G R A
F B #R ] Np Fop i3 IF8 1 2, 1 T 45
Np MR W TR EAE R 3 K2 . X FREHT
il %, /N T T G B e KR Rk, AT
£ AR T A 5 8 RIS I SR IR B = &
SRS FTLL MERRHERT B 40 M TR 0L A R E
FEWR 741, F30 2k e 8 A N 58 PR DA S T e A
FA S 5 AR EE 2 K, 1T LUK i 4812 Wi )
FALTE PR B, MR AR IR
M Z 28855 L . 45 SR 46 7R, Np $T

JEFR BB R 0.988 , HL i FRAv 8 B e 1 X 3 43 A1
¥i5) B KA 1.197, Hidh 52~59 69 ~75.83~89
106~115,119 ~ 124 130 ~ 136,154 ~ 166 217 ~ 227 .
243 ~249 267 ~ 273,299 ~ 315 333 ~ 339 347 ~ 363,
379~385 389~ 401 403~ 411 BEMRXEESE T K
BB A8 ERE 1 X, F8 R X SE X BT e HL A
YERFROITERE, AW T[RRI (TBM ) 4L
T 25 A a5 R 3R N X S Y
(SAXS) 3R 15 By K 70 HF E = 4 4549 (pdb id.
6yun) T AR, B R B A L TR
THY B2 B LA S5 T R 25 T O 22T B
RS R, X 5 28 B 3T saxs IS 5)
NTD FEE AR 520 (0 35 25 AT R A — 5
M EEF 22 5% o X017 2l A [R] 33000 7 2k 3 i 1 [F)
AR IE T Z2 S B0 DL R s B 56 E i E B
Hopp-Woods FFAI 1) 3 7K 7 2 B0 >0
PR SR A T 28 5 T LAl (H 5 B — S5 ik
FALE , 225000 A ER R B 2 2 T IL
THURRA 2380 /AU E IR T 2R 2 1Y
HAEMAME SR 0E . B diMibT R AN AT
MR H B — e R R, e i S
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PR R R AR BV 22 HA B A, PR
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FHICME . HERFIT Np TR RO A B T —25
INPUHERBL PR M R 25 A0 S 1T HLRE 6% R4 5225
Vit & R RS Wi R) R BIF & i A R
(T T A P AR IR

4 % ®

I X} Wuhan-Hu-1 £ Np BI88IE 7513517154k
3T, JFE Rk A4 Np B9 9045 H =ik oK
Pk R Rt PURSEECE 2R S MR = s
PSS R R, A L7 A UL T S5 2 Y i
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FEGR LA T 2%, LI B 1 fif P SARS-CoV-2
TG Bl 9 BE N B e U] i B )
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