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SARS-CoV-2

Thermo Scientific LC-MS
AMR
2
VTM 50 u L
450 p L
16,000 g 10
450 p L
500 mM

Sample
50 pL
Low-biding microtube 2 mL
~ 450 pL Cold acetone

Vortex

Centrifugation
(16,000 g, 10 min., 0

Discard acetone

450 pL Cold acetone

Vortex

Centrifugation
(16,000 g, 10 min., 0

Discard acetone and dry

~ Desolved in 40 pL 500mM TEABC soln.
~10 pL Trypsin/Lys.C soln. (100 ng/pL)
Incubation 4h 40

Vortex

Tranfer to Low-binding LC Vial

LC-MS sample

2

~5 L 1% HCOOH in 50% Acetnirile soln.

40
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TEABC 40 p L 0.1y g/p L 500 RT-
mM TEABC Trypsin/Lys-C Mix 10 gPCR
ML
HF200 40 4 (https://www.niid.go.jp/niid/images/lab-manual/
1 50 5 2019-nCoV20200319.pdf
ML LC /LC-MS
LC-MS
10-1
LC-QqQ-MS LC-QTOF-MS
LC-QqQ-MS 2
LC-QTOF-MS SoiE R 0t
Waters ACQUITY UPLC I-Class/Xevo G2-XS QTof CooAmomE e 5
ACQUITY Premier Peptide BEH C18 FEw i owmew -
Column 300 , 1.7 p m, 2.1 x 50 mm 7 m T G .
ACQUITY Column In-Line Filter ERERCI-
A 01% B 01% 8o
0.6 mL/ 2 owm  ma
1 LC-Q Q-MS LC-QTOF-MS
RT-gPCR
<|E§:;’:;is Waters ACQUITY UPLC I-Class/Xevo G2-XS Qeof (Waters, kd ) LC-QqQ-MS
LC-QaQ-MS : Agilent 1290/6480 LC-MS/MS ( Agilert Technologies, ktd.) .
. Skyline
Colurm: ACQUITY Premier Peptide BEH C.. Column(200A, 1.7um, 21 x 50 mm, Waters, kd.)
Mobile phase* Gradient table
A)0.1% Formic acid Time(min)  A(%) B(%) Ct
B)0.1% Acetnitrile 0 95 5
Colunn tenperatire’ 40°C 55 87 a3 S
Flow rate*0.6 mL/min. 58 10 0
Irjecton volume: 10 plL. 7 10 9% N
os. t we: 10T 71 5 5
S . SIN 3
Log2
<0-TOFTI.!§ccndn|cns> - <QqQ-MS ccngmgns> ‘ |092_SUmAreaS RT_qPCR Ct
*lonizstion mode: ESI (Positive) lonization: AJS pos tive mode
*Source tempersture: 150T Scan Mode : Dynamic MRM VTM
*Desohvaton tempersture: 600 T Gas temp: 350C
*Capillary voltage: 0.5 kV Gas Flow : 10 Vmin PBS
*Cone wltage: 80 V Sheath gas Temp: 40T
Sheath gas flow : 10 Umin
*Mess urement mode:
<dsts-independent MSMS (MS)>
*Caollision energy: low energy 0V, highenerqy 20-50 V (ramping)
*Scanrange: miz 100-800
<TOF-MRM>
*MRM window : Isofope cluster
LC-MS
SARS-CoV-2
Web
PCR RT-
GPCR  Ct Ct1020 11 Ct 20- CORONAVIRUS
30 15 Ct 30-40 5 9 ANTIVIRAL & RESISTANCE DATABASE
40 2 2 (https://covdb.stanford.edu /page /mutation-viewer/)
PBS “ SARS-CoV-2 Variants”
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Recomb. SARS-CoV-2 Nucl d Protein with His tag (RP01264)
Tryptic digestion(mypsin/tys<) |

' 2 I, '
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LC-QTOF-MS : STEP A analysis (0ta anolysis : MSe mode, intensity)

. =

LC-QTOF-MS : STEP B analysis (TOF-MRM analysis, Intensity, ineority)

Selectoin of Candidated Marker peptides for Detection for SARS-CoV-2
using LC-QTOF-MS

SPIKE w o N
36 Peptides, g 39 Peptides, ’
73 Prec, 879 Transit J Insilico 77 Prec, 904 Transit
= selection
B - Recombinant Protein

Recombinant SARS-CoV-2 S1+S2ECD(S-ECD) protein with His tag (RP01260LQ)
Recombinant SARS-CoV-2 Nucleocapsid Protein with His tag (RP01264)
Tryptic digestion(Trypsin/tys<)
. Transfer skyline Dota to Mass Hunter{Agilent) Methods -
LC-QqQ-MS : STEP A analysis (mam analysis ) (Selection of peptide occording to Intensity)

|
LC-QqQ-MS : STEP B analysis (mam anolysis ) (Collision Energy Optimization of selection of peptide)
LC-QqQ-MS : STEP C analysis (mam anolysis ) (Final selection of selection of peptide MRM tronsitions)
—_—

Selectoin of Candidated Marker peptides for Detection for SARS-CoV-2
using LC-QqQ-MS

4 LC-QTOF-MS(A) LC-QqQ-MS
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NCAP 8 8
SPIKE 3 3
6
LC-Q Q-MS
Transition

Fragmentor V Collision Energy(eV) 3
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RT Precursor lon Fragmentor Production Collision Energy

Protein Peptide Charge Transition ( min) e i (V)
NCAP DGIIWVATEGALNTPK 842.9489++  V([y11]- 11005946+ 435 829 135 1100.6 241
A [y10] - 10015262+ 1001.5 241
T [y9] - 930.4891+ 9305 271
NPANNAAIVLQLPQGTTLPK 687388144+  P[y8]-841.4778+ 413 687.4 135 8415 169
V [b9] - 865.4526+ 865.5 199
LNQLESK 416.2322++ N [y6] - 7183730+ o082 4162 135 7184 109
Llyq - 476.2715+ 473 10.9
S[y2] - 2341448+ 2341 13.9
AYNVTQAFGR 563.7856++ N [y8] - 8924635+ 259 563.8 135 825 155
IGMEVTPSGTWLTYTGAIK 675.6836+++ L [y§ -866.4982+ 4.5 675.7 135 866.5 135
T [y7) - 753.4141+ 753.4 135
DQVILLNK 471.7846++ V[y6] - 699.4763+ 2.50 ans 135 699.5 9.6
L [y4 - 487.3239+ 4873 156
ADET GALPQR 564.7858+4+ A[y5)-584.3515+ 117 5648 135 5844 215
P [y3] - 400.2303+ 400.2 155
QQT VTLLPAADLDDF SK 931.4807++ L [y11) - 11915892+ 441 9315 135 11916 269
P [y10] - 10785051+ 1078.5 299
SPIKE GWIFGTTLD SK 612.8165++ 1[y9] - 981.5251+ 412 6128 135 981.5 200
F [y8) - 868.4411+ 8684 20.0
FLPFQQFGR 570.3035++ Ply7]-879.4472¢+ 398 570.3 135 8m.4 127
F [y6) - 782.3944+ TR2.4 21.7
SFIEDLLFNK 613.3268++ E[y7]-878.4618+ 508 613.3 135 878.5 140
D [y6] - 749.4192+ 7494 200
sp| PODTCO| NCAP_SARS2 Nucleoprotein
MSDONGPONQY QRRPQGLP TQHGKEDLKFPRGQ v SARS-CoV-2 3
RWYFY NTPKDHIGTRNPANNAAIVLQLPQGTTLPKGFYAEGS
ALLLLDRL QKRTA
TKAYNVTQA TPSGTWLTYTGAIKLDDKDPNFKDQUVIL
LNKHIDAYK ETQALPC VTLLPAADL
sp| PODTC2| SPIKE_SARS2 Spike glycoprotein
MFVFLVLLPLVSSQCVNLTTRTQLPPAY PFESNV PENDGVY
TLDSKTQSL EFQFC EYVSQPFLMDLEGK
QGNFKNLREFVFKNIDGYFKIYSKHTPINLVRDLPQGFSALEPLVDLI ALHRSYLT YVGYLQPRTFL
L ALDPLSETKCTL NLC VADYSVLY

TKLNDLCI PDDF]

FRKS

YFPLQSYGFQPTNGVGYQI

TGTG

NLKPF! PCI LHAPATVC
VLTESNKKFLPFQQFGRDIADTTDAVRDPQTLEILDITPCSFGGVSVITPGTNTSNQVAVLYQDVNCTEVPVAIHADQLTPTWRVYSTGSNV

FQTRAGCLIGAEHVNNSYECDIPIGAGIC QSIIAY
RA

TNFTISVITEILPVSMTKTSVD

CTMYICGDSTEC TQLNRAL VKQIVK FNKVTLAD

AGFIKQYGDCLGDIAARDLICAQKFNGLTVLPPLLTDEMIAQYTSALLAGTITSGWTF GAGAALQIPFAMQMAYRFNGIGVTQNVLYENGK

u YVTQQUR
A HVTY TAPAICI

FV QIITT VYDPLQPELDSFKEELDI NEVAKNLNE

CMTSCCSCLKGCCSCGSCCI
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A B C A B C
A 1AL 7T AL
_ AL 1 I\
DGIIWVATEGALNTPK AYNVTQAFGR
NPANNAAIVLQLPQGTTLPK QQTVTLLPAADLDDFSK
LNQLESK GWIFGTTLDSK
A:Recombinant NCAP spiked VTM sample (4 fg/uL), B:Negative patient sample., C:Positive patient sample 7.
6 SARS-CoV-2 MRM
4
A
6 NCAP : 8792 28671
VTM RT-gPCR (Ct . ° oo
>40). 7 (Ct =18.61) ST e . e
MRM . T
__ o*
(2) LC-QqQ-MS RT-gPCR ’ .
LC-QqQ-MS 22 Ct
14.83-23.54 8 s ® B 2t ‘. B
Log2 log2_SumAreas
RT-gPCR Ct 7A B
() r=-0.636
- ° ’-5-955;6'3 9 ©PBS or Saline
VTM PBS g “
1,4,8,11, 13,14, 17, 20, “
21, 24
LC-QuQ-MS “
7 B 6 8 9 1" 2 3 5
log2 Sum area (LC-QqQ-MS)
VTM Ct 16.43-
22.81 r=-0.821 PBS 7 NCAP LC-QqQ-MS RT-gPCR
Ct 14.83-
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SARS-CoV-2 e irpriab i Sample 13 Sample 1 Sample3
SARS-CoV-2 el e e =
11 ol y ' - ._,;___/« N A~
NCAP 3 .‘L_ _JJ\NJ\
5 e pg T o
ADETQALPQR
NCAP | o g )
| el
‘ TN
Peptide maker SARS-CoV-2 MutanonC . _.JAQ /) L
variant position on NCA! .,,;,'..'."V e e T . "— """""
NPANNAAIVLQLPQGTTLPK BA4(Omicron) P151S AYETQALPQR
rers o 8 Delta NCAP LC-
IGMEVIPSGTWLTYTGAIK QQQ-MS
AYS S327L
SARS-CoV-2
AQETQALPR Bierzamavem| Doy NCAP  SPIKE RT- PCR
B.1.617.3
SARS-CoV-2
LC-Q Q-MS SARS-CoV-2 11
22 5
Sample 1 3 15 Delta 40
NCAP 377 D RT-gPCR Ct 2354
Y Delta 22 SARS-CoV-2
AYETQALPQR  LC-QqQ-MS
Skyline Sample 1 3
LC-Q Q-MS SARS-CoV-2 ADETQALPQR Delta
Sample 1 3
NCAP Sample 13 Omicron RT- PCR Ct 40
ADETQALPQR 10-14)
Delta AYETQALPQR Ct 30 35
8 Oba 15) Ct
30
2 SARS-
CoV-2
2019 COVID-19 Hober
RT-gPCR PBS SARS-CoV-2 NCAP
NCAP
LC-Q Q-MS Ct 21 34
MS %
2 Ct
LC-MS LC-QTOF-MS LC-Q Q-MS
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Evaluation of a novel SARS-CoV-2 detection method based on in silico
prediction and LC-MS analysis

Kazunari TSUJIMURA, Fumiaki MATSUMOTO, Akira YOSHIKAWA and Toshitsugu TAGURI

Targeted proteomics, which involves the detection of specific peptides using in silico prediction and LC-MS
analysis, has recently been proposed as a complementary method to RT-qPCR for SARS-CoV-2 detection. To
assess the feasibility of this method, we tested 40 nasopharyngeal swab samples, including those from
positive patients for SARS-CoV-2 infection, using RT-gqPCR for viral RNA and high-performance liquid
chromatography-mass spectrometer (LC-MS) , which is commonly used at Public Health Institutes of Japan,
for viral protein-derived peptides. The nucleocapsid protein (NCAP) and Spike protein were selected as the
viral proteins of interest for targeted proteomic analysis. SARS-CoV-2-specific peptides were detected in 22
specimens with Ct values of 23.54 or less, which is consistent with the RT-qPCR results. The correlation
study between “log 2_SumAreas” values obtained from LC-MS analysis of clinical specimens stored in
different solutions and Ct values obtained from RT-gPCR revealed a strong negative correlation for
specimens stored in virus transport solution (r = —0.821) and for those in saline or Phosphate-Buffered Saline
(PBS, r =-0.863). LC-MS analysis also detected the D377Y mutation of NCAP in the Delta strain. Although
the sensitivity of the technique needs to be improved for future applications in negativity testing, it is
expected to be one of the complementary techniques to RT-qPCR for directly targeting viral proteins. The
technique may also be applicable to other viruses besides SARS-CoV-2.

Key words: in silico analysis, Targeted proteomics, LC-MS, SARS-CoV-2, RT-qPCR , COVID-19
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