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CoV-2 L b L7z EHEHI S 7 Tud, MERS-CoV 725 SARS-CoV ~ & #1k L 7= prototype @ SARS-
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T(Thr)500—Y(Tyr)41 D =262  T486 —Y41Diff=2.83 &
Y499 —D(Asp)38 FHEHE=2.99 A Y436 —D38DffE=3.02 A

10 SARS-CoV-2 (PDB ID No.6VWIE) & SARS-CoV (PDB ID No.3SCJE) DZ#1E41D spike
protein & & ~ ACE2 & OfEH Ol (X9 DO DHEL)

A: SARS-CoV-2 (PDBID No.6VWIE) &t k ACE2 & OfE&
B: SARS-CoV (PDBID No.3SCJE) & b I ACE2 & DfE&

SARS-CoV-2  ERACE2  SARS-CoV  Ek ACE2

Q(GIn)493—E(Glu)35 D fififf=2.93 A KEEER DL
Q493—K(Lys)31DHiff=2.92 A

X 11 SARS-CoV-2 (PDB ID No.6VWIE) & SARS-CoV (PDB ID No.3SCJE) DZHZH spike
protein & & N ACE2 & OfE& DO (49 DQDEAL)

A: SARS-CoV-2 (PDB ID No.6VWIE) &t k ACE2 & OfE&
B: SARS-CoV (PDBID No.3SCJE) & t I ACE2 & D4

7= THDHOFEREMND, SARS-CoV-2 D J5 75 SARS-CoV L W ACE2IZIT\\N 2 L3453 vo 72, M 9-
@oERsy % . SARS-CoV (PDB ID No.6VWIE) & SARS-CoV-2 (PDB ID No.3SCJE) Tl L7
(X11), SARS-CoV-2 TIEQ & EDHifi£2.93A, Q & KDiffIX2.92A 7273, SARS-CoV TliL[A
Ui CAREREA O FREM D b D BEEED 7 < BRIFAFAE L 72 hr o 72,

9-@D¥R%y % SARS-CoV (PDB ID No.6VWIE) & SARS-CoV-2 (PDB ID No.3SCJE) Thtiik
L7 (X12), SARS-CoV-2 TIitA & SOH#fIL2.63A 7243, SARS-CoV Tl[A] U/ TR FERE
BDOFEEMED B B HEEDOT 2 ) BRIZFE LR T2, ZDZ & )35 SARS-CoV (2% L T SARS-
CoV-2 TIIAKRFBREADBZ TWDATREM DR B 5 L & 2 72,
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12 SARS-CoV-2 (PDB ID No.6VWIE) & SARS-CoV (PDB ID No.3SCJE) D% i€ 41D spike
protein & & ~ ACE2 & OfEH D L#E (X9 D@ DE L)

A: SARS-CoV-2 (PDBID No.6VWIE) &t ~ ACE2 & 0fsd
B: SARS-CoV (PDBID No.3SCJE) & t K ACE2 & Ofi&

SARS-CoV (5> : PDB ID No.3SCIE, 3SCJE, 2AJFE, 5SWRGA, 35 L UN5XLRA) & SARS-CoV-2
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401 F2ER T SARS-CoV 7> 5 SARS-CoV-2 12 HEL L 7= Z & T/RFEREMNEZ, & FACE2 &£ D
FEATIDRL 72> TV D AREMENRH D Z L My o7z, Loy L SARS-CoV-2 (34 Th 4 B4 i
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The in silico Analysis of Spike Protein on SARS-CoV-2

Yoshikazu Nishiguchi, Asuka Shibuya,
Akio Kitamura, Masato Yoshikubo

Abstract

Coronavirus disease 2019 (COVID-19), caused by the severe acute respiratory syndrome coronavirus
2 (SARS-CoV-2), first occurred in Wuhan, Hubei Province, China, in 2019 and has spread worldwide.
The spike protein was analyzed in this study using in silico technique. The spike protein has potentially
strong pharmaceutical applications in the treatment of SARS-CoV-2, for which a three-dimensional
structure has been obtained.

In the spike protein analysis, the severe acute respiratory syndrome coronavirus (SARS-CoV) and
SARS-CoV-2 sequences were aligned and analyzed and some specific mutations were found in the
binding site for human angiotensin-converting enzyme 2 (ACE2), which triggers entry into the host cell.
A molecular analysis of the site that binds SARS-CoV and SARS-CoV-2 to ACE2 revealed that the
secondary structure changed from a loop structure to an o-helix-p-sheet structure during the evolution
from SARS-CoV to SARS-CoV-2. In addition, the number of hydrogen bonds in the sites that bind
human ACE2 to SARS-CoV and SARS-CoV-2 were different, suggesting that SARS-CoV-2 may bind
more tightly to human ACE2 than to SARS-CoV. To acquire hydrogen bonds, the 475th amino acids
were changed from proline to alanine, and the 493th amino acid changed from asparagine to glutamine
during the evolution from SARS-CoV to SARS-CoV-2. The E484A and N501Y mutation sites in the
mutant strain SARS-CoV-2 were examined and were found to be within the specific region analyzed in

this study. This evolutionary process changed the amino acids from hydrophilic to hydrophobic.

Keywords: COVID-19, SARS-CoV-2, spike protein, evolution



