ok
&
o

o % 5k W 4 b Vol 42, No. 9, pp2757-2762
Spectroscopy and Spectral Analysis September, 2022

ETREFINBRFERNRESHSHEERNEIEHAR

R R, EBEXE, ARS. BFMH. & H. B X,
MR, & W, RMWH, BEF. £ 37

o R A S B O AR L, DU 4B 621900

W E S AEMNHEEEN RERW A TG R T E RBIR, ST S R A s A I i e 7
(SARS-CoV-2) J& — > 2055 fife e 1) 11850 . 407 56 B 10 41 98 2 1 Cspikeprotein) J2 337 4 5 33 2 A A6 0 357 5 9 75 119
R0 5, Al ) 5 R P A AR AR U ASE TR T T R R A R R R M E A W R e i B AR . Sk TR Ak
PR, R R MG MR W T R E A WBEAE T . IR AR R RY, JF25 6 2 A mT USRI A2
& B ok 56 3 (HCoV-229E, HCoV-HKUIL, HCoV-NL63, HCoV-OC43, MERS-CoV, SARS-CoV #i
SARS-CoV-2) fil 52 8 AR SL IR 54, 4347 T LR E R T S8 s e i 1 o IR AR 0 9 X0 . THO 45 2R 3R
B, ER R ] LUAR R B S B R B e 1o I e AR 0 R 43 S A~ 4. SARS-CoV-2, SARS-CoV.,
MERS-CoV JE i, —4~41; HCoV-HKU1, HCoV-NL63 JE i, —14~41; HCoV-229E fll HCoV-OC43 £ H M 57 &
JR—A~2H o A TR 20 R e bR B S A W 1 L I AR RSB R, G T e 1L I g AR A X 3 )
W ARV RO R S e 1 IR AE 0 22 SR, IR AR B AT Dl s 2 R X A3 TPk . %5
I R R A Ay I Al A A U 7 e e B B AL T R 1 R K

k@R EAREE; WREN; BIEORRE; Bk 1. MiE; WE¥
hESES: 0641. 12 X ERARIRED: A DOI: 10. 3964/j. issn. 1000-0593(2022)09-2757-06

5 "

B RS X RBRI AT R T B RBIR . Dy 1A R
B RE I DR A W el T O™ M IR IR 25 5 RE e IR
#F 2, severe acute respiratory syndrome coronavirus 2,
SARS-CoV-2) J& — > 3 it fift R (1) [ AL, 537 ek A 9 119 o0 2% 26 1
SR RO N AR, HLAE W BE SR T KA AR . B R
B B ARG I S O i A T Y S s R
B & ORI . R —7E TR R R B 0 8RR
W, T Al 58 A W 8 O AR AT B AR B, TR
IR b e A 0 5 B B RRAE . BKAh, AT T
DA e (1 - Rl R 5 2 00 28 2R A 25 A AR LR 1 Ca) ],
S5 AT LA 3z 2 R DX AT 0 TR e B 4 A G DU 2
R a2 - N RTINS RS og R i Y U A A S R 1
W AT LA A3 A7 b Al e bR 8 AR 2 R IR W AN TR, A
LI R AR

i HEA: 2021-03-05, 1E1THHA: 2021-05-26

Bl (atHERFRSHIREANEHTER(EAEHME
EX B https: //www. resb.org/); (b), (¢)N-BE Z B
B miiz . MEMRSIEXTEE (b A [ #Rk3h
X e ABRR M IRFNER)

Fig. 1 (a) Structure of spike proteins of seven coronaviruses (The
protein structure diagram is taken from https.//
www. resb. org/); (b), (¢) Vibration mode diagram of
amide | and J[ peaks in N-methylacetamide (b is amide |

vibration mode; c is amide ][ vibration mode)
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Fig. 4 Pearson correlation coefficient between

NMA molecular descriptors
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compared by deep learning model and DFT calculation
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Fig. 6 Statistical distribution of bond length of seven coronaviruses spike protein backbone
g g P P
1600 g 1 6001 B HCoV-229E 2400 -
) = E€3¥ 12{21251 ®) (| HCgV-HKUI © = iléﬂ-ﬁfﬁ
[__| HCoV-NL63 L[| HCoV-NL63 L HCoV-NL63
[ HCoV-0C43 £ HCoV-0C43 [ HCoV-0C43
B Mers-CoV B Mers-CoV Bl VorsCov
[l SARS-CoV Il SARS-CoV 16004 Bl SARS-CoV
B SARS-CoV-2 I SARS-CoV-2 Bl SARS-CoV-2
€ € |
3 3 8001 3
&) &) &}
800
0 04
2.04 2.08 2.12 2.16 1.96 2.00 2.04 2.08 2.12 2.08 2.12 2.16 2.20
Pescr-o/rad Pes.cin/rad Poi-cini/rad
1600 4000 7 4000
I HCoV-229E [ HCoV-229E =
@ [ HCoV-HKU! © [ HCov-HKU! ® |
[_] HCoV-NL63 [ HCoV-NL63 | HCoV-NL63
[ HCoV-0C43 3200 A [ HCoV-0C43 32004 B HCoV-0C43
B Mers-CoV B Mers-CoV B Mers-CoV
I SARS-CoV Il SARS-CoV B SARS-CoV
- B SARS-CoV-2 940 Il SARS-CoV-2 _ 24001 B SARS-CoV-2
= = £
é 800 5 3
1 600 A © 16004
800 1 800
0- 0
204 208 212 216 220 218) 2.9 3.0 3.1 3.2 0.0 0.1 0.2 0.3 0.4
Peinica/rad aca-ciNi-c2/rad ao1-ci-ni-c2/rad
7 EtMERFRENREAEENEAN _OARARLERITSFE
Fig. 7 Statistical distribution of bond angle anddihedral angle of seven coronaviruses spike protein backbone
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Theoretical Study on Raman Characteristic Peaks of Coronavirus Spike
Protein Based on Deep Learning

NI Shuang, WEN Jia-xing, ZHOU Min-jie, HUANG Jing-lin, LE Wei, CHEN Guo, HE Zhi-bing, LI Bo, ZHAO Song-nan,
ZHAO Zong-qing, DU Kai*
Laser Fusion Research Center, China Academy of Engineering Physics, Mianyang 621900, China

Abstract COVID-19, which has lasted for a year, has caused great damage to the global economy. In order to control COVID-
19 effectively, rapid detection of COVID-19 (SARS-CoV-2) is an urgent problem. Spike protein is the detection point of Raman
spectroscopy to detect SARS-CoV-2. The construction of spike protein Raman characteristic peaks plays an important role in the
rapid detection of SARS-CoV-2 using Raman technology. In this paper, we used Deep Neural Networks to construct the amide |
and [l characteristic peak model of spike proteins based on simplified exciton model, and combined with the experimental
structures of seven coronaviruses (HCoV-229E, HCoV-HKU1, HCoV-NL63, HCoV-OC43, MERS-CoV, SARS-CoV, SARS-
CoV-2) spike proteins, analyzed the differences of amide | and [l characteristic peaks of seven coronaviruses. The results
showed that seven coronaviruses could be divided into four groups according to the amide | and [[[ characteristic peaks of spike
proteins: SARS-CoV-2, SARS-CoV, MERS-CoV form a group; HCoV-HKU1, HCoV-NL63 form a group; HCoV-229E and
HCoV-0OC43 form a group independently. The frequency of amide | and [ll in the same group is relatively close,and it is difficult
to distinguish spike proteins by the frequency of amide | and [l ; the characteristic peaks of amide | and [[[ in different groups
are quite different, and spike proteins can be distinguished by Raman spectroscopy. The results provide a theoretical basis for the

development of Raman spectroscopy for rapid detection of SARS-CoV-2.
Keywords Coronavirus; Spike protein; Raman spectrum; Amide [ , [[I peak; Deep learning
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