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Abstract

Background:

Severe acute respiratory syndrome coronavirus type 2 (SARS-CoV-2) is the
pathogen of Corona Virus Disease 2019 (COVID-19). Since it was discovered at the end
of 2019, it has spread rapidly around the world. By June 2022, it had infected more than
500 million people and caused more than 6 million deaths. SARS-CoV-2 caused serious
public health problems. With the rapid spread of SARS-CoV-2 variants, the
epidemiological situation has become increasingly serious.

COVID-19 patients showed different disease states after infection. Most COVID-19
patients showed mild or moderate symptoms such as fever and cough, while a small
number of patients developed acute respiratory distress syndrome, acute heart injury,
multiple organ failure, and secondary infection, resulting in serious irreversible injury.
Strengthening the research on the mechanism of severe illness of COVID-19 is very
important to effectively reduce the occurrence of severe illness, and it is also the key to
the success of epidemic prevention and control. Studies have shown that severe cytokine
storms will occur in severe COVID-19 patients, indicating that the occurrence of severe
illness is closely related to the immune status of patients. In-depth analysis of the immune
status of COVID-19 patients in vivo, especially of severe COVID-19 patients, is
important for elucidating the mechanism of serious illness in COVID-19 patients,
preventing the occurrence of serious illness, and reducing the SARS-CoV-2 epidemic.

Objective:

In this study, moderate and severe COVID-19 patients were enrolled to compare the
distribution of antibodies and cytokines, determine the difference of antibody typing in
different COVID-19 patients, clarify the neutralization of antibodies to different SARS-
CoV-2 variants in different COVID-19 patients, and analyze the internal mechanism of
the changes of antibodies and cytokines in COVID-19 patients. The monoclonal binding
antibody against SARS-CoV-2 N protein was prepared by B cell immortalization
technique to provide support for the diagnosis, treatment, prevention, and control of
COVID-19.

Methods:

(1) Sample collection. According to the Chinese Government Diagnosis and
Treatment Guideline (8™ edition), different clinical types of COVID-19 patients, healthy
controls and vaccine vaccinators were recruited. After signing the informed consent forms,
professional interviewers investigated the epidemiology information and collected
peripheral blood samples.

(2) Antibody titer detection and typing. Using wild type SARS-CoV-2 live virus
(BetaCoV/Beijing/AMMSO01/2020) and 9 pseudoviruses, the neutralization titer of
plasma antibody was obtained by limited dilution method to observe cytopathic effect or
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detect fluorescence value. The level of binding antibody in peripheral blood of different
subjects was detected by anti-N protein and anti-S protein IgG antibody ELISA
quantitative detection kit. The second antibodies against IgA, IgM, IgG1~4, IgD, and IgE
were used to detect the typing of anti-N protein and anti-S protein antibodies in patients
with COVID-19 and vaccine recipients.

(3) Detection of bacterial and fungal infection. The contents of BDG, LPS, iFABP,
GP73 in COVID-19 patients and healthy people were detected by ELISA, to
systematically analyze the immune characteristics of COVID-19 patients.

(4) Detection of cytokine. The contents of IL-1 3, IL-2, IL-4, IL-6, IL-8, IL-10, IL-
18, IL-33, CCL2, CCL3, CCL4, CXCL1, CXCL2, CXCL6, CXCL9, CXCL10, IFN- vy
and TNF- o in COVID-19 patients and healthy people were detected by Ella-Simple
ELISA system and Luminex system.

(5) Correlation between HERV-K and IFN in COVID-19 patients. The
transcriptional levels of HERV-K gag, env, pol genes and IFN related genes /FNBI,
ISG15, IFITI in VeroEG6 cells infected with SARS-CoV-2 were detected by qPCR method
and verified in peripheral blood cells of COVID-19 patients. The transcriptional level of
HERV-K gene after SARS-CoV-2 infection was confirmed by next-generation
sequencing and GO analysis.

(6) Antibody preparation of B cell immortalization technique. PBMCs were isolated
from peripheral blood of COVID-19 patients, and B cells were immortalized by EBV
infection. The specific binding antibodies to SARS-CoV-2 N protein and S protein were
identified by multiple rounds of cloning and antibody binding specificity analysis. The
RNA of the cell line was extracted, and reverse transcribed to amplify the light and heavy
chain variable region sequence of the antibody. The antibody expression vector was
constructed and transfected into 293F cells. The supernatant was collected and the
antibody was purified by protein A/G column, and the specificity and affinity of the
antibody were analyzed.

Results:

(1) A total of 82 COVID-19 patients, 29 vaccinated populations, and 32 healthy
controls were recruited. According to the clinical symptoms, the COVID-19 patients
included 1 mild COVID-19 patient, 49 moderate COVID-19 patients, 30 severe COVID-
19 patients, and 2 critical COVID-19 patients. There was no statistical difference in
gender composition, average age, and disease history between moderate COVID-19
patients and severe COVID-19 patients.

(2) The results of neutralization antibody detected by wild type SARS-CoV-2
showed that the titer of neutralization antibody and the concentration of plasma IgG-S
and IgG-N antibodies in severe patients were significantly higher than those in moderate
patients (P < 0.05). The content of IgG-N in moderate COVID-19 patients was 13.30
times higher than that of IgG-S antibody, and the content of IgG-N antibody in severe
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COVID-19 patients was 16.72 times higher than that of IgG-S antibody (P < 0.05). The
level of plasma IgG-S antibody was positively correlated with the titer of neutralizing
antibody in both moderate and severe COVID-19 patients (P < 0.05).

(3) The results of antibody typing showed that the positive rate of anti-N protein
antibody in moderate and severe COVID-19 patients was IgA > IgM > IgG, and that of
anti-S protein antibody was IgG > IgA > IgM. IgA-S, IgA-N, and IgM-N antibodies were
all positive in COVID-19 patients, but [gM-S was negative in 2 severe patients. No
specific IgE positive antibodies were detected in plasma of all COVID-19 patients. The
positive rate of IgG3-S antibody in COVID-19 patients was higher than that of IgG3-N,
and the positive rate of IgG4-N antibody was higher than that of IgG4-S antibody (P <
0.05). The positive rate of [gG4-N antibody in COVID-19 patients was 67.01%, while the
IgG4-N antibodies of SARS-CoV-2 vaccinated patients were all negative.

(4) Mann-Whitney test showed that the iFABP of moderate and severe COVID-19
patients was lower than that of healthy subjects, while the levels of BDG, LSP, and GP73
were higher than those of healthy controls (P <0.05). So COVID-19 patients had bacterial
and fungal infections without intestinal flora ectopic.

(5) Mann-Whitney test showed that the levels of IL-1 8, IL-2, CXCL1, and CXCL6
in moderate and severe COVID-19 patients were lower than those in healthy controls,
while the contents of IL-4, IL-6, CCL2, CCL4, IFN- y and TNF- a were higher than those
in healthy controls (P < 0.05). The levels of IL-1 B, IL-6, and CXCL9 in severe COVID-
19 patients were significantly higher than those in moderate COVID-19 patients (P <
0.05).

(6) The plasma neutralizing antibody titers of COVID-19 patients were detected by
SARS-CoV-2 live virus and Wuhan pseudovirus, respectively, and the results showed that
there was a high correlation between them (r = 0.9716, P < 0.05). The plasma
neutralization ability of Wuhan SARS-CoV-2 infected patients to Beta, Gamma, Kappa,
Delta, Lambda, and Omicron pseudoviruses was lower than that of Wuhan strains, which
respectively decreased by 5.30,3.38,3.11,2.31,4.02,32.32 times (P < 0.05).

(7) By Mann-Whitney test, the expression of HERV-K gag, env, pol genes and IFN
related genes IFNBI, ISG15, IFITI increased in COVID-19 patients and Vero E6 cells
infected with SARS-CoV-2 (P < 0.05). GO analysis showed that HERV-K was related to
the secretion of IFN.

(8) 12 immortalized cell lines from B cells of COVID-19 patients were obtained.
The light and heavy chain variable region sequence of 2 antibodies against SARS-CoV-2
N protein was obtained by amplification and sequencing. Anti-SARS-CoV-2 N protein
antibody was efficiently expressed and purified in vitro. The kinetic constants of the 2
pairs of antibody Kp respectively were 1.42 x 10®* M and 1.31 x 108 M.

Conclusion:

(1) The levels of antibodies and cytokines in plasma of COVID-19 patients changed
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significantly after infection, and the imbalance of immune factors was more common in
severe patients, indicating that the imbalance of immune response may be the internal
mechanism of severe patients. In-depth analysis of the immune characteristics of COVID-
19 patients is important for preventing severe diseases and reducing SARS-CoV-2
epidemic.

(2) There was a significant difference in antibody typing between vaccinated patients
and COVID-19 patients, suggesting that there is a difference in the mechanism of immune
induction between vaccine immunization and innate infection. SARS-CoV-2 specific
antibody typing may be used to identify newly infected and vaccinated people.

(3) Plasma from COVID-19 patients infected with the Wuhan strain showed reduced
neutralization of 8 globally prevalent SARS-CoV-2 variants, and the newly emerged
variants had stronger immune escape ability, suggesting that anti-SARS-CoV-2 vaccine
design and development should further increase targeting.

(4) The high transcriptional level of the HERV-K gene in COVID-19 patients may
be involved in the activation of IFN by the cGAS-STING pathway, which provides a
starting point for further study of the mechanism of innate immunity in the process of
SARS-CoV-2 virus infection.

(5) The specific humanized monoclonal antibody against SARS-CoV-2 N protein
was successfully prepared, indicating that the antibody can be rapidly prepared by
immortalized B cells in patients. The application of this technique provides technical
support for the prevention and control of possible emerging pathogens in the future.

Key words: SARS-CoV-2, Neutralizing antibody, Cytokines, Antibody preparation
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A

il

IR AR 4 (Corona Virus Disease 2019, COVID-19, f&i#%“# ietfili %)
FE RGP AR R 2 S E R B 2 B (Severe Acute Respiratory Syndrome
Coronavirus 2, SARS-CoV-2, RiFR“HIaiiasE") f& 5l i i = EIFERp, BEL
FINNR I WA O 1) 42 B2 Bl BEREAR 1T B 52 B )RR Oy Atk I I 4
EAE SR OIS 28 E AR RIS U4, COVID-19 %15 H 2019 4
JREER VK, 23ROAEIT 5 NEG, 33600 £ 5 N, FERIKRGIK T ™
H AL A

MR T DA e P AT KATH) G e POm Bl 2297 7 % GalAT
%)\ AZ1TOY, COVID-19 BEFRMEIMAER > VR, HiEA, 58, &
HMPLR, B COVID-19 B& WIRARGERBEM, AR AR IR R @R
COVID-19 H& BA KM, EIPIRIE R GUREIRSE, B mT Wl R R, HR
COVID-19 & 2= IR AR >30 K/ 7, Bt SRR 48 AR AN B2 <93%, 8%
SIS E (Pa02) /AHIKE (FiO2) <300 mmHg (1 mmHg=0.133 kPa), D/
AR IR 24~48 /NI R AR B R R KT 50% Hoh iz —sEdR: fa B A
COVID-19 5% 2> I vl H 75 ZEHUMOR <, SRR, siE I s
WREEE T ICU WP inyr Hrh 2 —EIR . MFRE R, 20 14% B & B E AE
MR, FRIE EE B FRIEEN 1.4%~4.5%, 111 H BRE B35 7] Ge 2 K A AN o] 3 57 (1) i
A, FLAIE A TE RGNS RS FIE AR E P #F 5 COVID-19 HIEK
A2 ) N AE R 28 B ek BECRE i A a3 1T S UL et s 28 A5 8 7 428 1) DG o
—. SARS-CoV-2 ERHALEMMEHTIRE

SARS-CoV-2 J& T b IR 7 R IE iR Ii B2 R B J& Sarbecovirus W.J&, 5™
SUVENEIR 2 A E IR 5F  (Severe Acute Respiratory Syndrome Coronavirus, SARS-
CoV). RPN ZEAE IR EE (Middle East Respiratory Syndrome Coronavirus,
MERS-CoV) J& T [FJ@ AR E Pl 5HAh B tRp#EEZEel, SARS-CoV-2 H
BEAZ AL IRIE ALK /NA N 29.9 kb, 11 ADMJERYIEG, JERATE 5'-5 B (orf
1/ab)-45 8 11 {(S)-(E)(M)-(N)} =3" [T FrHE51) 101,

1. FIZREH (Spike, S)

B E R S RN BIREAE EEG, HMAMEIX . PR T X
A X =AN A 2 U2, MAbEE R X ST AT S2 WANEIEZH A, S1 WPHE 575 4
MR T SR A, S2 WA/ T R AN TS L JBERG, S1 A1 S2 58 S A (Bl 14 ZE
fHEE IR Gy MoK i, ATTBGE S EEERELE BRI, ST A8 N-Rum4h i3 (S1-

B



NTD) . C-Rui&s 38 (S1-CTD) F =4k 4541k (Receptor Binding Domain,
RBD) , ' RBD SRR nl1E £ 4k, w LA KD RE U190, 9T
7N, RDB S5k Ae g 75 318 1A E S N& OB, PR 2 #T SARS-CoV-2 JE 547
P BT R I B S S R A T,

2. AfEEH (envelope, E) MEEHE (membrane, M)

EEAMM EALFESB ST SARS-CoV-2 Ji a3 KA. W2 fE
U891, E EEEH 76~109 NMIERRA R, W8 5 AWM RIRTEE, BTN
B A C S ASEK X, AR 7 A o-BZE AT 8 ANIARFKEEIEIX, T LAE R
T AL, AR FEEEE S 58RI, ShEmE F k0% 120, SARS-CoVv-2
M H A H 222 MRERA L, HNmi TREAER, 5 SEASAS5WE
AR, HCumfFREANERTE, 5 NEAOSGgEFSEWRE. S 5RER
JeARE oL R B2, B R, M BB TE E e R % I SR I VR R, R
985 1 E I EE R S 23,

3. ZA&K5%EH (Nucleocapsid, N)

N EHROEREENAKNKTED, 5 S HEAML, A KEER.
SARS-CoV-2 #1 SARS-CoV ] N & HAHUNE FIE 90%, P& HL N & B ik
AT X 24261, SARS-CoV. MERS-CoV. SARS-CoV-2 i N & [ fe4E&
AMATEEHE g 1 o 2 IR B A MASP-2, SEUMA ST W BEUE, XIE
COVID-19 & HmE 1 R i B,

. COVID-19 B K 5B RHE

B %I SARS H1 MERS BT FE 7R, Fod2 I B AEATLAAS HRAR e bR s 75 JEk % U7 Th H
AHEEANEH, 1£ COVID-19 B3 iR o2 A4 M S #55 E IRAS B DI ARG 2%
320, PRONIX e G 925 J R AR RN AR AL I FR AT Bl T R e R R N FE ML, R
COVID-19 EEAE B = ARG IT $2 R .

1. COVID-19 B kK

EFXF COVID-19 BH RN LA PR R, Bl SR UG
1~2 A =5 SARS-CoV-2 S B B N S H R e tEduk, AW EEER)G S
A H SR CRIF I A g /K B39210 Toyi RIS gL B AR B 08 S B KT IR, A
N EAPUREER R 1gG PUAHEEIRG, X AT A8 2 I H B[R] 2 2 K T AR
Ju (R R 131

ALK (Neutralizing Antibodies, NAbs) 0 DL 58 ik 454, B e A 13t
NTE EA0HE, R PR g BRlE . Rk, W RN 1 P 25 F T FELIBT
WYY, FEVRIT COVID-19 i rioRIH AR th 38 B HH A0 (VA T 7 R0 SR 1440l
Fiie N, SARSCoV-2 YL i R AR Gy 7= AL () AR v 4ERF 50 . B i)

H2 W



Nabs. IgG il IgM Ui SR 2 I R 40 RO AR DG, BRIV 17 ™ 2 1) S 5 e
AR R, X 0] RE R R R A S B S, RN T AR COVID-19 &3
PUARIKT, JUH R R R M R R PUAKSE, RS2 ABUR BN Sk ia T
F. W EpE A HEE

2. COVID-19 B 4MEEF

COVID-19 F835 14 14 50 % 4 M A I BE 8 70 h K SR R A R+, SEHUA
A P e N, R A PLIR 7 R (Cytokine Storm). fE COVID-19 H3¥&H,
2 i IR 1 XU A R RRAE [P EAE L G ERE R ) — DN EEAR A, s R EE G
HURE R R 5 R 2 — 135361,

AR ERPUREE AR S, AN RIGE M R T R A A R e Dhae BT, TL-2 W]
A ARG ARG 5, W 2 PR R T, SEaRan AR 0162, IL-4 Refs
PEHLIE S Th2 MRS LA B ZHAORT T 45 (0360, TL-10 A] A {57 3 % 520
JEAR AN A W3 FE DA I S S (67990, TL-6 1R N SRR R4l R 7, Wi
S IL-8 Al MCP-1 (140, 75 90E - B3 I A8 3 i A il as g v U075, i A3k B
COVID-19 H&H IL-2. IL-4. IL-6. IL-10 %) 575 80w, H IL-6 /K7 550%™ &E
FEFEA I U761, TL-1B A1 IL-18 #f 4 fE/MA NLRP3 Y% f5¥#E, f# COVID-19 &3
ISR ZL SR RS U6, b PR 1 B 175 5 2 4H L R 4 it BT 10 R IR L o, 1l
PR R CXCL10 fgfE COVID-19 &3 SR EIE L5 51 (Acute respiratory
distress syndrome, ARDS) & A= B B 2)) 5 K B ] iU LARGE <, U771, TNF-o A1 IFN-y
e 50T RPEAIME T (5 5@ %, PR COVID-19 Ea R 4ifn B, ik,
ffiE COVID-19 FEF# 5 it Jig AR FI A M R 7, B o] LUARRE ARDS 7242 11)
PAENLED,  PBIm HI BT VA AN JORE M #5967 SR At 3L
=. SARS-CoV-2 ZRHRI iR /LT

SARS-CoV-2 1E RN IE4E RNA #i#g, K6/ DNA W8 IR IR R A&
NP R R 20 5 R A R A, AR /b H R AR e o507 B bk (1 7% 78 A0 B0 e 7y 81821,
WHO FR A8 7 bt 4 R A FH T A R B (%) S0 B FR FENE o 9 =y TR )
AF F#k (Variants of Interest, VOIs) . 7 B RFERIAZF & (Variants of Concern,
VOCs) Wil H 45 F: 4k (Variants under Monitoring, VUMs) . H:H VOCs & 5|
T2 MRAT R A vk . Bk 2022 452 A 3 H, WHO & AifJ VOCs fL$E Alpha

(B.1.1.7) . Beta (B.1.351) . Gamma (P.1) . Delta (B.1.617.2) . Omicron
(B.1.1.529) , VOIs fL#§ Lambda (C.37) . Mu (B.1.621) , VUMs {5
B.1.1.318. C.1.2. B.1.640.

SARS-CoV-2 A5 s R [1 H BLAE B R (1 S e b itk pe 3 n, JLRAE S BE %

B DX EI AR T AR R B 0 1 A8 Sk B B P B R 1 . R I D614G 28 Rk
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£ S HHH CTD2 KA T 1 MAEERUE, BT RTERAG G E M 2
FEiTH, EREERINZ AR R E IR T D614G RAZSL i B35, Alpha,
Beta. Delta ZZ57¥R{E RBD ZiM3g Rl i 1. 3. 2 DRANL, XL RIfEDS
Perm S EEHYS ACE2 ZARME G 71, WMGMARTER, &5 RRIG A /) B8,
Kappa il Lambda 72 55 PR 7E RBD 258438 L) 2 ANRARAL A, BE A8 B pb ikt 5
Sy TLREDUAR . PRE IS ML R e LI R TR 99901, Omicron 728 Rk
£ RBD 538 B I 7 15 ANRABAL A, BRI S TR BRI AR E, B0
T ERE SRR K RE ) PO, AR SR AT I, A TR R
B USRI P I DR IP RCRE, N 1 REAT I G PR G AR SR I R, AT
15 AR G2 A 1 S TGV e AR B G B 4 B Aw PR,
V0. B e fEdiiAH| R HARE R

BT EPUA R A B B2 B — M R R A i = B A — AR, Be S
HEARNRELSS, buikddm, RIS RS NSRS B A 5% 5
PG PRSI, CRONERBIIE . 120 J8T7 T A AT Bl i AR i) .
1. 23T B E DA RAR

1975 4F, ZFRAIEHRKI HBLSLIL 1 M2 5o B HUARTEAR e o] B4 5 B AR R )
R U, R e BE PR R R R BT Bl A RS0 B itk gE S R
UM, TER W RS REPUA R A A, Sk e IR AR IR, K
Bige . AR I v BE LR . AR R e R UA BRI . A,
{E7 A PR L RE & BRI DU, SRR R AMA RN B0 A e 4
FLo N 77 A P B U T AN I PRV T ek ) 104105,
2. FUREEBAR

PR FEFOAR S W 2 E PR R B A AR XL R A B R KA #k |, &
I 3B JE M AN FUR AT 0308, SRAGRE S PR PR o PoAA 2R T R B 5 I v 44 Jj s
FOR . BEEFA R R EOR . AR HR . RN A SRR,
LR TR A R S B R B )iz Too-TH

1985 AW e A B R TR B IR s (RAF Huse 85251 A MR AR & 1 BUJE
Fab HiEE, 1990 4 Mccafferty F| H MK A /R SR ST 7 58— scFv Pifd
2] g B AR R R B R M MRS R4 A\ B A 4b et b, TR GRS
BE AR T A ) BT A A R TR AR T, PR IR . Ye . B SRR A
PR TR B 2 IR W TR AR R R BOR W I e It 5l . SR AN 7 e 1) o e P A
HZFARBAE R I il . A e AR HiAA.
3. BRERPREAR




1 I B DR /N SRR AR 72 NV BRI R AEAE 1985 “Edeth, 7E 1989 4Fil
TR RN R AR T RAEF? 7 AP 1gM Bk, UEsE 1 F LR/ REAR A7 AR
G RENIIE R N 22 SN PN 5 S EBR SN 67K TSR DN A ML
BRI /N SRS N, A R 0 DR A e SR AR e PR PR IR ik o BB B RN IR AR RT3 I BT
oA RRE . AT TERLEY, (HIZERAFAE RIEPUR T P )% I XSS
4. B~ B AR HUAH] R RAR

A B A R 2 AR i i % e oy B B 4ii . PR v R A
Rl RN 58 S D PRSI RE e VPR, I JLAE DGR RETHOR . 84> B W24
WK S & TOARTH 2 NIERE A B UM T3, R 7R ERE TR X KRR
Fexy, BAREFZEMEE. e, A, raadis o, B AR
PAT RE R, Hispuaml & i, Sl PCR JUiASE R W H AR A 76 #5551
MR RBR S, AN B A0BPUA ] 2 BORIC 7R it — 2 a3 191200,

5. N3k B RKEALEAR

NZE B K AT AR E A 4R R EB 7 (Epstein-Barr virus, EBV)
AL, IR FINEMEE. CDAOL BiG 2 Maifa R 1k shs 7%, K 77E
AL B AT . EB R AL AR B gk AL 2w I, HRER
A EB WiiR%0 B 4 CD21 324k3E A B 40, iEid EB i R RIE
PR B Ao A ar I, TR RGK AL B gl (2012200 Sspak AR 4L iz B gt
T ERET L, PP ER AR FY, WA, M RIAEE,
REIRTF NIRAL R S s e B pUAR . EB W FE il B 4ok AE L bkl & HoAR B
RS, EE. PUiAR RS A, HE T EB g KAEN B 40 &R
W%, HiKAME B AMAKIRGUEZ, BHATRASE] 2N 12129
f. FHFEHEENENER

AHEFE LG SARS-CoV-2 Wuhan #4588 F1 H A B EHONBF AR R, REA
FANF] COVID-19 8835 40 i il s i 7K P FHAi B DR 70 A 22 5, i) BHAS [R) A
HME LKA SARS-CoV-2 ZZ FAR IR ALIRGL, 24T A R COVID-19 &2 4 I
FIE R T A S NN, R B 40K A R AT R B BRI, N
COVID-19 Hpii e Bt SEOR S .

1. FAIGHRIRE COVID-19 B# 4R 2 S5

DA @R AN A COVID-19 . ErEME N R, WEHKADSTT
FARE, PAFHANEML, A E A R ABUE . 1gG-S Pik. 1gG-S Pifk. 4
K77k, 234 COVID-19 & MZ #EFE RN Ft S B PUEMPL N EE ik
SIS BRI ARIRE R COVID-19 B AR E, % COVID-19 &

HS5



HAE MR APUA S R, ES COVID-19 B# A G AR A L/
IR T, S COVID-19 B ImPRIA T F B 45 S AT 2%
2. SARS-CoV-2 BEAERYLE ML HLARRT A 7132 73 MR i o AV M 5

i VSV B 8 RGN A it Wuhan PR 24} 8 Ff SARS-CoV-2
KA R AGE ST, A FEIG AR H COVID-19 FE 35 % 48 SFpk o A 14
25, PPALGREFAR ki) S Rk aE 77, N E B IR BUR R ALE B .
3. COVID-19 B# 4 M4+ HERV-K (HML-2) ¥ F/K-FHF R

WHFER, Bk mRIA N ERVs R RE68 [ 7 S L YT cDNA, A0S
cGAS-STING i, % IFN-1 AR, ISP RIR e g U300, AHE 5w A
RPL COVID-19 & HME M IFN-y Fhim, FATTE— D T A E B3 40 E i
H HERV-K FE RS K T, 4081 T H 5 cGAS-STING i 4% Hh 584 8 1 L R 3 5K
PR M, BRE T HERV-K #3%/KF5 IFN AT RER R, NiE— PR
SARS-CoV-2 Jp3 B2 L i 72 o {1 KSR G i P AR LIt e $2 it T DN A
4. SARS-CoV-2 N & H ¢ et e i RE Hiig il &

FT3RAH) COVID-19 £3 PBMC, FIH EB Wi#EEsiil B 4k A4k, ik
N EAR PR WA ofk, 8t S"RACE BARY WP A i sk n 48 X 7 51,
4% SARS-CoV-2 N HHL GHIRRIAFMAR, HINRIE. AifbPiih It e R
ST ARSI, BRARAS 7RI ST SARS-CoV-2 N & H e 71
diabuk, EETHET B MK BRSO SBOR, S IR AR G
BT R R SCHE




#—Z FEIEFKIRES COVID-19 BE B AERHR

SARS-CoV-2 = ZLii i FPIRTE CIRAL R E NG ERRFIRGE, 5] K S R
FIHLREAE, FEREERBEEN], 6 ERIERABUE, R R RS AE R o B
LA B R S IR . ARTE TR AR R R R AT KA G
RO R B3I 21297 J7 %8 GAAT 28\ W BT RO, COVID-19 & rI M5 1k RAE
W s, s, EAL fEMPIK. PR, COVID-19 ¥ 2 Il
FRLER 7 T . PO 7K S0 55 e e S N R IIL AR, HLIE PR 40 2R ™ E 1) S 5 ) th
I B G S v, B SEAS IR R 23 T ) COVID-19 B BEAT G BRI 7T 2 55
B, TR T T HURERE R G 7 A 2 AT B R AR B IS, AT I T 7
BRI PO R g%, R PR FE ORGP HLAR DLk D40 o ot FE B, /N B Bk
IR A S, BN RES = Rk ERVs JE R JF S5 ST AL cDNA, 380 41 i
cGAS-STING B, 5 IFN-1 [(JA R 130, FEARER 7, BATE S0 T
AR 73 24 ) COVID-19 38 A8 A A [\ e R 17K 2 5, vPA 17 AR
O3 TR AT IR G 2 A0 A afiL o AN B4R 5T SARS-CoV-2 B SRRk th AGE /1, KA T
HERV-K (HML-2) ZXRHEE K ST MEEMEBERR, #H—D 00 7 A
[ AR ) COVID-19 35 G 22 5 B ml GEALH o

1.1 SEI AR
1.1.1 SLIHFAK
L1L1L1 RN RBELELETREERE

FRPE R G B IR Bl 26297 TR GRAT S )\ ) B3 R F T
SARS-CoV-2 ¥ 1 (AN AR R 4> L) COVID-19 Hd . fd FE A AT SARS-CoV-2
B MG, ZEMEREPREH TR RIAERAT W AE S, HUESE
MFEA o A4 BF 50 A 5 T N ILRORE AR AF DS 98 8 25 38 b 52 4 22 = Be T 74t
PR o> WAZAHE (5 2020-037 5.

LWAT W F BRI, ATHESER COVID-19 B R Ek S 5l
i 2019 FJE I COVID-19 15 1 SARS-CoV-2 FEFE[FVE, ASHF 575 b FE 0k i R
AN “Wuhan £k 7.

L1.1.2 FEASRAE AL E
ff /] EDTA PUtR ML REM AN R MR, FEARE TAEY S =555
%= (Biosafety Level-3 Laboratory, fAj#% “BSL-3 SEIG=" ) 1, 0B ILIRANSME I

CT



R, MAEFEAE T 56°C /K KiE 40 min, HHORAY) 22 4 )G 3047 J5 425K

U o

1.1.2 SCUG BT A 4R AR AR 25

(1) Vero E6 4 B A 56 = LR AT
(2) SARS-CoV-2 ¥ (BetaCoV/Beijing/AMMS01/2020) HIAHF 7 = 43
EERES

1.1.3 LI FERIRE

R L1 B ST S50 %
Table 1.1 The first part of the study used experimental equipment

DE NI & S fin
A2 4 Classll NuAire
AR R TR AR Thermo Fisher Scientific
DEM-IIE! | BB bR Bt il JEH IR AR A IR 5T A
AR IR Thermo Fisher Scientific
RN Sigma
- H B A RO T JEH AR PG RIS W A PR A
K Thermo Fisher Scientific
151 B 2 s OLYMPUS
Y T AR Thermo Fisher Scientific
2T Eppendorf
Z UiebrAL PerkinElmer EnSpire
PCR 9" H§{X #% Bio-Rad
il A H A PR IR A R S Roche
eIt f PCRAX Roche




1.1.4 LI FEFM

R 1.2 5 W O SR AE A
Table 1.2 The first part of the study used experimental consumables

FEFEM pits L
giifiiobeeisiin Thermo Fisher Scientific
96 L1 JEC4H MU 35 = AR Corning
96 FL U B 55 TR Corning
96 LT A IR WHB
Ep & Axygen
INEERE Biologix
MR E Thermo Fisher Scientific
0.22pum it JELE Pall
15ml/50ml &0 Corning

1.1.5 L3 F 257

1.1.5.1 RFRIE
# 1.3 L5
Table 1.3 Experimental reagents
A FR it s
PBS Gibco C10010500CP
0.25% Trypsin-EDTA (1x) Gibco 25200-056
DMEM Gibco 11995-065
A A 1A Gibco 16010159
HER-HER Gibco 15070063
L- B2k % Gibco A2916801
HRP-/NRITA IgA JEHCHE B S B AT R A w] BF03070X
HRP-/NRFTA IgM b5 1 B e B 5 15 AR AT IR W) BF03074

CCN



HRP-/MEFTA IgE*
HRP-/M RPN 1gG1
HRP-/M RPN 1gG2
HRP-/NRHTA 1gG3
HRP-/NRFTA 1gG4
APE TMB PG
Elisa & -8 113

HRP #ric Hiis s e
B R EE (2019-nCoV) S FEH
IgG Prikl il m & (ROt sy
VIRED)

BAEIREEE (2019-nCoV) N EH
IgG HUARAT AR & (2= R o
VIRED)

NG 2 (LPS) B I G2 43 BT (ELISA)isk

&
NIafaWiiREs 8 H (IFABP) Bl
HE b
Human BDG (beta-D-glucan) ELISA Kit

NE/RFEEH 73 (GP-73) BREEHGEE G
JENT
TRIzol™ X 5]

UltraPure™ DEPC 4bEE 7K

Bright-Glo™ Luciferase Assay
System

MagNA Pure LC RNA Isolation Kit
gDNA Removal cDNA Synthesis Kit
MagicSYBR Mixture
Premix Taq
DNA =44k i35 &

VSV R &%

ABE G B S B BARAT IR 24 7]
AB ST BOE S Be BeARAT FR 24 7]
AL BOE S Be BeARAT FR A 7]
ABE G B S B BARAT IR 24 7]
ABE G B S BEHARAT IR A 7]
AB ST BOE S Be BeARAT FR A 7]
AL ST B S e BeARAT R 24 7]
AEE B S BEHARAT IR A 7]

JEE R il R Wi A R A =

ABERE D R Wk AT PR 24w

Bioswamp

mlbio
R AR R A R A
mlbio
Thermo Fisher Scientific
Thermo Fisher Scientific
Promega
Roche
e RN A YR A IR A F
e RN A YR A IR A F
TaKaRa

RIRAEWRHEAER) AR A ]

BF03055
BF03069X
BF03066X
BF03070X
BF03068X

BF06007
BTYAO0106

BF06208

RIS

ERIR S

HM11067

m1026525
EH1653
ml038317

15596026

750023
E2550

3542394001
CW2582M
CW3008H

RRY902A

DP213-02

HBIT [ R (B B0 R A PR A 7

ER i



1.1.5.1 FEFEERE
T 1.4 BEFRERCE Tk
Table 1.4 Medium allocation method

REFRIL A TR % ik
N DMEM (Gibco) +10% #OKERRAIME (FBS) +1%L-8% 7o R2]
M-10 5577 3% - e e
BEREAN 1% 5 B R/ R A°CRAT
i +2 % PR IE JE A MLE 1 %L-B5 AR
M2 Hi 3 dE DMEM (Gibco) +2 KIGNGAEINE (FBS) +1%L-B4  #RS

BEREAN 1% 5 B R/ R 4°CIRAF

1.1.6 S|¥FHLEYERK
AWFILES L B A A A TA TR (B BROERA TS K.
1.1.7 HHxE G

(1) IBM SPSS Statistics 21 #f}.
(2) GraphPad Prism 8 314

1.2 SR VE
1.2.1 SARS-CoV-2 ;&&= TCIDso #:

(1) EAYIM: T M-10 5572 3E8 8¢ Vero E6 41l 1x10° N4 ffd/mL .

(2) ¥EFhgmf: mIJCE 96 FLV A s TR N &AL 100 uL 5R (1D
MR, BT 37°C, 5% COx KIEFEME T & K.

(3) Mk aE: 24h )5, M 96 fL U BYRANAES FEMRAEFLIN 135 ul Fil#k M-2
Regpdk, EHE 1AL (A1~HD) FIIA 15 uL SARS-CoV-2 i 7 JZil, 7857
TRAT. W1 HIRIR G 1 505688 15 ul, #5810 UG 355 11 4L 0 SR
15 ul, #4710 EEEEME, MBS ERFT RS (B 1D .

(4) FLRE%: PP () KR4I, 3% 96 FLFIR4n s 7=k ar 11 %1
FLAEEFRIE . HIRIEBCE IR (3) F R EEM BRI 100 uL 2275 Vero E6 4L 96
PRI TR N, BT 37°C, 5% COx [T .

(5) BMEE: 3 RGEE B BB TS 96 FLoFIR AN fuss 7ok, 14 Il
Y B9 AE RS, (Cytopathic Effect, CPE) HIFLIF NFHM:, R PFRNAME (
1.2) .

ER



(6) f# F Reed—Muench A1 TCIDso. 24N T FEAE BSL-3 5206 %34T,

Perform 15 pL serial dilution (1:10) Discard 15 uL

@@@0@0@000@@

@.@0@000@
888888888
(2
:: 00000000
0000000000,
S T
. Add 135 pL pre-warmed M2 to all wells e
] 1.1 95 250 28 FLAR B L 131

Fig 1.1 Setting diagram of virus titration orifice plate

¢¢l¢¢l¢¢

Add 15 uL of MERS-CoV sample to wells in column 1

1.2.2 COVID-19 F & hFniuia;EE#0)

(1) #ERZHME: FHBEAE M-10 £5 7236858 Vero E6 44 1x10° 4~4H/mL.

(2) HeFhgufE: mIJEE 96 FLVIRAME: FRR N A FLIIN 100 L B3R (1)
YRR, BT 37°C, 5% COy M FRAE T & it ik .

(3) MfEIMIK: 24 h)5, 7596 FL U BRAHMBEE TR N B FLINA 60 pL FiFk
1) M-2 55972 . 78 A 4TI A1~A10 FLF NN 48 uL Fil#k 1) M-2 53528, 75 A 1711
A1~A10 FLHIIN 12 uL M EFEA CRI 10 588 » AR M A ATHKIRIA TR
1 AT%#% 60 uL, ##% 7 a7 HATILHIRTEMBEI 60 pL, HEAT 2 f5BHFERRE,
NS BRPRES (K 1.3) .

(4) WEZ MK IREFRSY: FHIHRK M-2 £ 7% 35 B0 5 JE A 2000
TCIDso/mL, [F[&%5 12 ZIFRgFL (st i&sl, CC FL) PAAMRIFTA LI 60
uL R EEM R . MR- ER A E T 37°C, 5% CO, MR+ E 1 h.

(5) e, HUHBIR (2) BEFEM4IHE, 35 96 FLF K4 ks Fp b 5L,
WKW BUP IR (3) FHEPHR MR 100 uL 25 Vero E6 4l 96 FL P41 RS
FEWN, BT 37°C, 5% COx KIIEFHRATINE .

12 W
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(6) WANEE: 3 KRIGAMEELME FUWE 96 fLT RN IR, KB
CPE RN FLIF B, Sz PPoNIITE (B 1.2) .
(7) THEAAMIEFER ) MNooo HENIEFEAE BSL-3 SL56 =#E4T

Uninfected cells lnl'ected cells

el 1.2 IEH AN 5 R A b 030

Fig. 1.2 Comparison between uninfected cells and infected cells

Sample ] Sample 2  Sample3 Sample 4 Sample 5 VC CC

AddlZpLsu-atoAl—Alﬂ N A A A A AddﬁﬁuLMZwCC
2]

AddasuiM2wAl-a10 4§y 4 b b ) Jr Jr ¥y
3 4 5 6 7 Serum ditution

1:10

GO0

;g 1:40
Jieeecesecesorl
x] 1:160

SE 1:320
jisssssssesss
[ 5] Discard 60 4. e

[1] Add 60 WL pre-wammed M-2 t all wells

) )

[6] Add 60 L virus (120 TCIDgg) to all wells except columns 12

P 1.3 2 RSB FLARCBE LA 1131

Fig. 1.3 Setting diagram of virus neutralization test orifice plate

1.2.3 19G-S #1fAF0 IgG-N #iikE =N

(1) BEARFRE: BREAE LHFFE 100~10000 £ 48 H98 A A 15 X 0]

13 W
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(2) Itk R ESRAE S FLFFEA L, REFLIMA 100 pL AR, #
AFIARE S IIEE 10 plo

(3) WH: HEBEERE, BT 37°C 1 E 30 min.

(4) Pk NOIEFRERIE, FHPRLGES 5 K.

(5) Jnig: BFUIMABELS S 100 L, RG]

(6) WH: HEBEEWRE, BT 37°C#E 15 min.

(7 Pek: FPE D .

(8) . WALIMAREH AL BIEE 50ul, BRIRGIES, BT 37°C B
YEIFE S min.

(9) W5 SCEPAEH b R IE S AT e 45 3

1.2.4 1gG-S HLiAF0 1gG-N $iifk 5 B8]

(1) FEARFRE: FAFE E B FEAFRRS 20 150

(2) JnkeE: BAFLINA 100 pL B S AR, FMAREA 10 pL.

(3) WH: HEHREERE, ET 37°CIFE 1h.

(4) Pk OB ERE, HBERPLBER S K.

(5) n=$t: HEHERERE PR 1000 5, SFLIMA IR 100
ul, R

(6) WH: HEBEENE, BT 37°C 1 EF 30 min.

(7)) ¥edk: FPIR (4) .

(8) ff: 100 pL FIEME TMB, BRIRGIERS, BT 37°C B E 15 min.

(9) M5E: SLEIF 450 nm A1 630 nm XK Rz,

(10) BHFAYERIE: 26l R T 0.2 RIRES NBEME, 75 A E.

1.2.5BDG. LPS. iFABP. GP73 #&

1.2.5.1 BDG 25 5

(1) FreEmARE: $e ) Gul B B bR 1 S B 2 8 1000 pg/mL. 500
pg/mL. 250 pg/mL. 125 pg/mL. 62.5 pg/mL. 31.25 pg/mL. 15.125 pg/mL. 0
pg/mL. o

(20 ImEE: 73 B EARAESLARR IR S L, ARl LRSS IR S AL e 100
pLo

(3) WA MBS, BT 37 °CH#HE 90 min.

(4) Pelk: MofaisEoie, HTRBLBES 2 K.

(5) n—Pr: FFLUIMA 100 uL ZEWEFRICH) —Pt, KRR

(6) WiH: MEBESENRE, & 37°C 1 H 60 min.

(7 Pel: MofaisEoie, YRS 3 K.

14 7



(8) hnlg: BFLIMAH HRP bricitifl 100 uL, IRZHIRS].

(O IEE: HERESRE, ET 37 °C 1 E 30 min.

(100 & BFLIIA 90 L TMB, #R¥1E], 37°C % 4 10~20 min.
(11) 21k &AL 50 uL & 1B, RFIES],

(12) M%E: 15 min T 450 nm A 630 nm XK T i35

1.2.5.2 LPS B B¢

(1) brdE i BIRRE: Hal ) S Ul B AR BB R A i i FE 23 791 9 1600 pg/mL, 800
pg/mL, 400 pg/mL, 200 pg/mL, 100 pg/mL, 0 pg/mL.

(2) Ik o3 A E AR SR DURE S AL,  FRdEFLINASRAE S 50 uL, £l
FESFLAR SN 40 uL B£ 0, FEIN 10 L AR AC BT LPS Fifk.

(3) Jnfg: BEFLIIA 50 uL BEEAR IR

(4 IEE: HAERESREE 37°C % F 30 min.

(5) Yelk: ANCIERERE, HBERPLBER 5 K.

(6) Efh. SN 50 uL ZEF A, FHIMA 50 uL EA575 B, E%iES,
37°C )G 2 4 10 min.

(7) #ab: AN IR 50 pL, &b M.

(8) M%E: 15 min AT 450 nm A1 630 nm XK T i35

1.2.5.3 iFABP K Ul:5 58

(1) AR BIRRE: 4t B B REARE IR FE 20 58 0.8 pg/mL. 0.4 pg/mL.
0.2 pg/mL. 0.1 pg/mL. 0.05 pg/mL.

(2) e 2l E AR AEFL AN DURE S L, 70 B B bl b o A I
50 uL, FRIAE S LA S InRE AR B 40 L, AR5 FEINAFUARE & 10 ul.

(3) WH: HEBEENRE, ET 37°C 1 E 30 min.

(4) Bk ANOIEIREARILE, FHPEARMLGES 5 XK.

(5) nfg: LI 50 uL BEbRRTF, IRFHIRS.

(6) WE: HEBEERE, & T 37°C#F 30 min.

(7)) Yelk: FPE (4) .

(8) . RALIMARETF A, BE& 50 uL, BERIRGIES), 37°C BLE
£, 10 min.

(9) Z&ib: FFLIMANZL LR 50 uL, BRIEHIRS. -

(10) M5E: 15min T 450 nm A1 630 nm XK FiEHL.
1.2.5.4 GP73 Kl B &

(1D FrifE i ORRE . 4% Ui WP RS E S 20 7100 800 ng/L 400 ng/L.
200 ng/L. 100 ng/L. 50 ng/L.

(2) Ik o3 AR AEFLRIAFIIRE S FL, ARAEFLINEE 50 L, FRllAESFLH
S INBE AR 40 uL, SRJ5 FINAFIIAE B 10 pl.
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(3) E: HERESR)EE 37°C 1% F 30 min.

(4) Be¥k: NOIEFREARIE, HTERLGEE 5 XK.

(5) hnmg: FFLIAEEFR R 50 uL.

(6) WH: HIEREZE (3) .

(7) Bedk: #HIEFEDER (4 .

(8) Zfr: AT A ASouL, FHINALAF BSOuL, EHES,
37°C %W 4 10 min.

(9) #&ib: RN 50 uL, 1N,

(10) M%E: 15 min N T 450 nm F1 630 nm XK N2

1.2.6 A EFH

AT I BB AR AR AR, M Ella 2 H3IZ2FEAZ K1 St
A4t (Protein Simple, Revision 1.1, Mar 2020)A1 Luminex - 5 ] ProcartaPlex %%
Rl 22 e s @ A A E A COVID-19 3 Al fE N M o IL-1B. IL-2. IL-4.
IL-6. IL-8. IL-10. IL-18. IL-33. CCL2. CCL3. CCL4. CXCL1. CXCL2.
CXCL6. CXCL9. CXCL10, IFN-y. TNF-o X 18 FZilfa R 1 HI 5

1.2.7 COVID-19 FE&E M 3R %12 FHRAYhFNEE F140M

i/ VSV B% 5541 15 R Gent Y Wuhan #& SARS-CoV-2 [ 53 IfiL 3% () Al

Re 1t AT E, BAOPIRW T 152,

(1) #Hil: ¥ 96 FLFIR AL ZFL (A1~A12, HI~H12, B1~G1, B12~G12)
N 260 pL s K B KB, P I 0

(2) FRREIM: M55 2 4 (4Ifxtig cC) e 3 41 CREEXIE vo) 25
I\ DMEM #5773 150 uL #1100 uL, 7] B4~B11 fLH AN 142.5 uL DMEM #55%
e, HAFLINA 100 pL DMEM £5373E. [\ B4~B11 FLFR I 7.5 puL R 000FE 5,
FTIRE, MKIRF VATHH 50 L Wifk, L8R8 5 UG 5% G ATFLH AR 50 uL,
AT 3 ERRERRE, ERINMBESRT RIS . MBERAECN: 30, 90, 270.
810. 2430. 7290.

(3) IMIE-FiEIEETE. Sk VSV-SARS-CoV-2 1k #4ki%, F DMEM
T AR R F R EEME E 1.3%10* TCIDso/mL,  [A] 45 3~11 F4FFLIN 50 L 5 B
B, BT 37°C, 5% CO, MMl 7# M E 1 he

(4) #ERYNA: ¥ E 30 min J5, FFURHAIL Vero 4iif, K4tk MR R
2x10° M fd/mL o

(5) AMpudtEEsE:. MELEHRE, FILMA 100 uL BIR (4) F1 40 BB,
fEREFLAIMI N 2x10% 4. BT 37°C, 5% CO, 4033758 i & 24 he

#1670



(6) M5E: 24h )5, FEMFLIE 150 pL B3, A0 20 pL 26 S BRI 7
FEIREEE N 2 min, f#H 2 RS RE BEARGEBUR YGE (RLUD FHEiHE IDso {H.

1.2.8 HERV-K (HML-2) FiF#t RiF S8 B 18 X & E 1

1.2.8.1 J&#: SARS-CoV-2 i) Vero E6 4t %

(1) #ERYNM: 75 2 25 em? 4HAEEE 7RI FH 5 mL M-10 35925008 2x10°

A~ Vero E6 4fifl, 7 545 s 5 2 AN 40 21

(2) PiFEikGs: {£ BSL-3 SLdu = [rp SR 40 il 9 i 0.01 MOI ()99
B S mL, BZIRE. FE, MARAMA S mL M-10 ¥537#%, BT 37°C, 5%
CO, MM S -

(3) Wt IR A 159% 48 h )5, WM EiERFE 2 50 mL B0,
W EF LA P2 ) _EIE B T 56°C AKIRHA K% 30 min, AAF. 1A S48 4R RS 7
I 6 mL Trizol, 7870 iRAIEAM T 2RME, %2 6 4 1.5 mL ) Ep B

1.2.8.2 Trizol %R BUZ R

(D FAEE. 75% LEE. DEPC AEKHEHTE T -20°C 14 30 min.

(2) [ 1.2.8.1 YA G RI4RMEH NN 0.2 mL &5, RIZURE 15s, R
EAGY)ZE, VK ERCE 10 min.

(3) 4°C 12000 g &0 20 min J5 L =2, W B JE7KAH 450 plL #8214
) 1.5mL Ep & W .

(4 FEIMA 0.5 mL TAK TR, fff RNA JiiE, Ep B L ME®EE,
YK _FJiCE 10 min.

(5) 4°C 12000 g B> 20 min, 218 FE Fik.

(6) FEZIZIAN ImL A 75 % LBE, BRETUE.

(7) 4°C 12000 g &0 5 min, 18T ik,

(8) Ep EIF T & Tl TIES T T4 15~20 min, F 20 uL DEPC &b FE/K ¥
fit RNA.
(9) BED OCEE I RNA WKEE, 8T -20 °C 1774 H .
1.2.8.3 qRT-PCR }% GO 447

(1) FEAX RNA $#2H: (H s R4 3 s s iR ali ik R 5425 COVID-19
HRAE AV B R A1 RNA, SEANFEAR S I A 2504 200 L, HMMES YT
R RNA WREE, FEET -20 °C fRIFHH

(2) ZEFREEFIH DNA (gDNA) : %58 1.5 Bl E PR gDNA WA R, 7K
BT PCR ¥ H4{Xs, 42 °C ¥ 5 min.
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% 1.5 £ gDNA MR FR
Table 1.5 Remove gDNA reaction system

Moy 60 pL SRR 5
10xgDNA Eraser Buffer 6 uL
gDNA Eraser 3uL
RNA Template 51 uL

(3) RNA ZE&: KA RNA K IEE & F 200 ng/uL.
(4) JFEst: R 1.6 BLEREFNASR, HET PCR Y L, 42°C

J< N 15 min, 85 °C V. 5 min.
1.6 I AR R

Table 1.6 Reverse transcription reaction system

Hoy 20 pL SR A R
2% gDNA [ S Ntk 10 pL
HIFIScript 1 pL
Primer Mix 1 uL
5x%ScriptRT Buffer 4 ulL
RNasa-Free Water 4 uL

(5) qQRT-PCR: #%% 1.7 it & qRT-PCR K MNAA R, %K 1.8 & HE R NFE
J¥ o FRHE SCHRTEXT HERV-K (HML-2) #H G HE K317 qRT-PCR 3360 1+ S-actin
YERNINS IR, TR KIER AT qQRT-PCR K5I 1EF: GAPDH 1F NS5
A, S sIHEE 1.9,
1.7 qQRT-PCR [ vtk &
Table 1.7 qRT-PCR reaction system

5wl 20 uL & &
2xMagicSYBR Mixture 10 uL
Forward Primer 0.4 pL
Reverse Primer 0.4 uL.
Template DNA 2 uL
ddH>0 7.2 pL

18 T



# 1.8 qRT-PCR [V fE 5
Table 1.8 QRT-PCR reaction procedure

SR S ] TEIREL
95 °C 30's 1
95 °C 5%
60 °C 30s x40 cycles
95 °C 5% 1
60 °C 60 s 1

95 °C 3 60 °C %F 5 °C H— Ik 1
42 °C 50's 1

# 1.9 qRT-PCR 5|¥)/7%1
Table 1.9 Primer sequences of qRT-PCR

E FA (531
p-actin-F CCACGAAACTACGTTCAACTCC
p-actin-R GTGATCTCCTTCTGCATCCTGT
HERV-K (HML-2) env-F CTGAGGCAATTGCAGGAGTT
HERV-K (HML-2) env-R GCTGTCTCTTCGGAGCTGTT
HERV-K (HML-2) pol-F TCACATGGAAACAGGCAAAA
HERV-K (HML-2) pol-R AGGTACATGCGTGACATCCA
HERV-K (HML-2) gag-F AGCAGGTCAGGTGCCTGTAACATT
HERV-K (HML-2) gag-R TGGTGCCGTAGGATTAAGTCTCCT
GAPDH-F GGCATGGACTGTGGTCATGAG
GAPDH-R TGCACCACCAACTGCTTAGC

#1971



IFNp-F ACGCCGCATTGACCATCTAT

IFNp-R TAGCCAGGAGGTTCTCAACA
ISGI15-F GAGAGGCAGCGAACTCATCT
ISGI5-R CTTCAGCTCTGACACCGACA
IFITI-F TACAGCAACCATGAGTACAA
IFITI-R TCAGGTGTTTCACATAGGC

(6) HERV-K (HML-2) gag. env. pol “ACIFFREARUES: 1% 1.10 itk
REBHTIRE, $%E 111 RFEFHEATY 1.

*1.10 ZARMFHEA PCR VAR F

Table 1.10 PCR reaction system of Next-generation sequencing samples

oy JrEEE ZWRE Jr 75 AR AR
Premix Ex Taq [ - - 25 uL
RT S5 B cDNA - - 5uL
barcode 5|4 F/R 10 pM 10 uM 1 uL
H>0 - - 18 uL
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F 111 AP EEAR PCR [ NIFEST

Table 1.11 PCR reaction program of Next-generation sequencing samples

IS B S RE R [A] TEIAEL
95°C 180 s 1
95 °C 15s
67 (gag. env) /65 (pol) °C 155 x 40 cycles
72 °C 10s
72 °C 10 min 1
4°C Holding 1

(6) 1EM: 24 F &4tk PCR P2 ja &b i SR At P 0 fF
FR2AE, R illumina “F & 347 AR P

(7) 43¥7: ¥ HERV-K (HML-2) gag. env. pol 3315 A B — AR 7 7 51 5
TEZ M3 UCSC (www.genome.ucsc.edu) |2 3K 24 GRCh38/hg38 AT LLXT,
i e tH FIR MR T 97 % B H AR P I IRk de i fir B, IR T A B,
Z I AT S5 R 1P uniqueseqs [EGETHH bn 7 I wk£ 2%, FIH R £ Rldegraph
M E TP IE R AR B A B, T AEZE MGG the Great Input: Genome
Regions Enrichment of Annotation Tool (http://great.stanford.edu/public/html/) %5 %€ =
FISFE P DIReSE I BEDR 42 7 pr 1331361,

1.3 SEI 4R
1.3.1 82 GIEFAR KRS 4 B E MR TR R

FLHE S 3 K B2 Fh SARS-CoV-2 S 1) 82 %l COVID-19 B, WRiEFRE Gl
REPRIR BRI R GRATH)\RBO ), BRRAEE 1 5. HiEAEE 49 .
A 30 BIF1 2 BlfEE R B 47 4R 35 44 ks AR AL 63 %,
HAPEER R 60 2 B E N 56 1] (68.29%) : A SN 48 4 (58.54%)
ForR I He O R e O I AH S i o LU B R, 3 il 45.83% 35.42%.
18.75%. BRI & 7Y £ PR IR . TR AERE . B S LA Gl R E R

[137]

o
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% 1.12 82 %l COVID-19 {: i {5 2
Table 1.12 Characteristics of 82 COVID-19 patients

I BAEE  M@EMssr  EREE fEEANEE it
) (n=1) (n=49) (n=32) (n=2) (n=81)
15
L@ ! 30 15 1 47
0
5 19 15 ! 35
FEE
3539 1 2 2 0 5
40-49 0 3 0 0 3
50-59 0 10 6 2 18
60-69 0 20 16 0 36
70-79 0 1 4 0 15
80-89 0 3 2 0 5
Hir 5 (IQR) 36 63.6 63 56.5 63(57-69)
B
I 0 13 8 ! 2
W PRI 0 11 6 0 17
O 0 7 2 0 9

1.3.2 ZBBLBEFIERBESINE M A Ak T

FIH SARS-CoV-2 i B H 8% 7 WL 48955 7242 J7 VA Aan il if 2R P Fh Ay v, i
HIRMEIE T COVID-19 B MEAEA TP MPTARRE, 485 MRFEALE 1.
10 FIRTAE R RE R FE T AR M 82 21 i oFl s SN R 1% B8 25 Fh AR A 0. Rl 25
RN, BABF PR R A ECh 20, w88 g R R AL O
79.59, EEALEE PR E RO 164.4, &R RO PUA R FE A AL 5
N 120. Mann-Whitney a5 73 #7¢ BH 25 284 28 35 ) I Hh R 44 i B I 35 v T 0
AEE (K 1.4A, P=0.039) .
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HORIHUAE N 204 404 80+ 160 FEACIE S U AN E, 320 &4,
Mo%%ﬁg,ﬂﬁ$5£ﬁFM?%ﬁ e T i6yT 38, AW SRR 49
B E A R, R R AT 0. 20, 40, 80, 160. 320 f14 514 10 4
(2041 %) ~ 3 fl (612 %) « 12 f5i] (24.49%) + 10 Bl (20.41%) - 12 #
(24.49 %) « 2 il (4.08%) ; 30 BHIER EHF, MK HFPATEE N 20, 40,
80. 160 320. 640 HIr7H 241 (6.67%) « 741 (23.33%) . 74 (23.33%) .
6% (20%) « 56 (16.67%) « 3% (10%) . 7 82 {5l COVID-19 ¥ 87.34%
%%%m%%#mﬂ¢ﬂ?%,u%%mﬁﬁm KA TR (23200 HyHp
IEAIRZN

B Relative itative nAb titer of Patients

800 * = 0

>

600

Total=49

400

Relative quantitative nAb titer of Severe Patients

e ® = 20
== 40
= 160
== 320
200‘ G = 6540

Mild Patlents Moderate PatientSevere Patients Critical Pattents Total=30

Relative quantitative nAb titer of
Moderate and Severe Patients
[ ]

o
209 o

1.4 vhONHTL A e P 5 R
Fig. 1.4 Neutralizing antibody titer results
VE: A: ARIERS 2 COVID-19 34 MR i AHTARE: B: il A COVID-19 3 Mgk
FPUORTE BE (1 /3 At s C: HLAL COVID-19 B3 M2 APUIRT B At Bl . * RoR&
Mann-Whitney £ 30 /7 7E 2.3 % 5 (P<<0.05)

1.3.3 HBEBEFMEREREN IgG-S 7 IgG-N kK I

MU E BRI G, A58 7 COVID-19 il EE (n=49) Hl
BEREH (0=30) I3 FH SARS-CoV-2 S & FAMIPL SARS-CoV-2 N HEH IgG Hi
EEREE . W 1.5 A Fras, BHEABEMK 1gG-S PrikikE (RO 3N 22748
ng/mL) & THH@E M EHE (PALECN 14403 ng/mL)  (P<0.05) , HA I3
IgG-N FiiRKE (A2 BN 380249 ng/mL) & 1@ g (P A%l 191578

23T
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ng/mL) (P<0.05) . @A EH 1gG-N REH A ECH 1gG-S 1 13.30 fi5, HALE
# IgG-N iR E A BN 1gG-S 1) 16.72 % (P<0.0001) .

BT p I Ta) CRRX IR 12 H 5 KRE R TRl BRI 18] 5 28 R A o™ A2

IR FR, AT 1gG-S F 1gG-N FriRWK FE A7 FCy L, g0 A0 8 A 2 %
a3 RN Ay R E PR AR BUAIR L. i 1.5 B firor, Sl A fn E A oy
IgG-S MRPUAA FEZH (1) B3 FLR I T IR T =ik FE . (P<0.05) o Wi 1.5
C fin, @A R HEMEAEE 1gG-N KPR 40 B w5 &bt
WlkEH T E R (P>0.05) .

9G-S IgG-N
1%x108— *kokk B 60 C 60
_ e +\ *k ,7 i - ns
E - g 2 ]
2 1105 T — = =
& = . : oa] 2 40 'l‘
o L] = _:_. -5; i
s 1 - 3 e A a3
5 1x1054 I E:) -'*'— .l Ef) ecoe ] 83 L " u®
- g . g :
£ ] 5 20 S 20 e
] o —— L 5 2 = p
Fe<ll= B B I I I S U I I o Y S
{4107 ee o ._l_‘ o: l i
1%107] il 3 5 I j_ ——
1“ Moderat; Patients Severe L’alientsMudwatel Patients Severe :’alien's N LowerIIgG-S HigherI IgG-S LowerIIgG-S HigherIIgG»S N anerl\gG-S HigherI 9G-S LowerIIgG-S HighelfIgG-S
L |
1gG-S IgG-N Moderate Patients éevere Patienlts Mloderate PatieJnts éevere Patienlts
1.5 1gG-S Fl 1gG-N FAAKG 45 5
Fig 1.5 IgG-S and IgG-N antibody titer results
E: A: AFRIEKRZS R COVID-19 B#FH1 S EAMNGN HH 1gG Hifk &8 B: 1gG-S filkr
K AMRZKF ) COVID-19 B3 KR TE]; C: 1gG-N Fiik = /KA KF ) COVID-19 H#
RIFITE] . *FRRE4 Mann-Whitney B IRA7A7E 3 2 5% (P<0.05) , ** FI/RZ Mann-Whitney

RN EEZR (P<0.01) , ** F/RE Mann-Whitney K FER B EER (P<
0.001) , **** FIRZ Mann-Whitney f 507 7ERE % 55 (P<0.0001)

1.3.4 RFAEE S 19G-S HERE XM 24

20.

P E A E A COVID-19 B3 AR R A PR ST 4041 (KIRGE 0.
40, 80. 160. 320. 640) , r#T IgG-S PifAFN IgG-N FUARLEAS [F] 2H F) 3 FE 7K

AR, I 1.6 A-B s, (EEERAER COVID-19 H3# 41 [gG-S Hiikik & kb
HORIUAT B B T v LT R B A, T TgG-N PRk B (LA IR R .

WK 1.6 C-D fizn, HHEAAER COVID-19 3 12 T 1G-S Hiikk E 5

FPUART B RIEA D, RMEEA T FE 2 58 Y=0.0002665%X+0.00357 (R?=0.7266,

P<0

.05) F1 Y=0.0001065*%X+0.02778 (R*=0.6593, P<0.05) -
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BB Bt COVID-19 &M% 1gG Hifk A, 25 B8 IgGl Hifk i
COVID-19 H# M3 & R BRI 196 WK, 19G2 ik & R BT 1gG Tk,
B M 1gG3-S FUABHPE R T 1gG3-S HikPER, 1gG4-N HrikFERE T
1gG4-S Hifk (P<0.05) . WAL 1gG4-N FLikFtE Ry 67.35%, M MEH
IgG4-N HUAFHPER Y 66.67%, 1 P AL ) ARK I 2] 1gG4-S Fifk
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Fig. 1.7 Difference of antibody typing between moderate and severe COVID-19 patients
: A HIEA COVID-19 EHYIN EAHiA A B: EA COVID-19 EHHIN EAHiA
s C: FiEM COVID-19 ¥ P S EAYiATA: D: A COVID-19 BHIL S HHIL
iy A
1.3.5.1 COVID-19 B M1 SARS-CoV-2 R HBMETA S B ER ST
AT, RILPT SARS-CoV-2 N & [ M1 S 55 11 1gG4 LR/ 75 i3 2=
5, #I&%| SARS-CoV-2 i KZ UL S EEAMENPURN &, FATHEN COVID-19
H I SARS-CoV-2 e A # 1) 1gG4 PLik AT REAEEZE . N TIESE EiRSEAE,
AR FARS T 588 2 AR 4R R A IR 2 A 1) SARS-CoV-2 % P # fif
20 1, EEEERRE YA, WRAEEWE 113 fias. X COVID-19 &
FE AN MK HT SARS-CoV-2 S Al N &R FIPUIRII 4 B4 Rl AT LL i, 45
7N SARS-CoV-2 FEi M MK ekl 2] IgA-N. IgM-N. IgG1-N. IgG3-N.
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IgM-S Pifk, KAEEFR M F] IgE-N. 1gG2-N. IgG4-N. IgE-S. IgG2-S. IgG4-S Fifk.
TERE W R B 1gA-S PURRHME RN 27.59%, 1gG1-S HUiEBHMER A 96.55%,
1gG3-S HUAFHPER A 58.62%. 5 COVID-19 HE PR RIS R, FoNH B
M2 R 67.01%0] COVID-19 B K 1gG4-N HLik A HME, 10 5% i #fh i
KA R 2 1gG4-N Juffk, XA 2 570l T B COVID-19 & FIEE v B Fh 5 1)
Ghr (CER|ZFES . 202110895268.6) 13,

A3 R E A EREANEARG L

Table 1.13 Characteristics of vaccinated population

pax:| PEE M E (n=29)
gl
& 21
% 8
FRe
20-29 10
30-39 10
40-49 6
50-59 3
HHALE (IQR) 29 (28-41)
P
i I 0
B PR 0
O I 0
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1.3.6 COVID-19 BE EEMMEREFE R

IEZ % (Lipopolysaccharide, LPS) s 55 % QR 1 4H 11 40 B B SMEE (1) 2H B 59
7& B IR B AN 2 BEA B P J5n, T AR RSl IR L AR B . (1-3)-D-Hi B4 (B-D-
Gluan, BDG) & —FhE W4 MEE R 7y, ARy i B e se BV . AP A
HE S MEMREY .. BRI R45 & 8 E (Intestinal Fatty Acid-Binding
Protein, iFABP) N AF/E T IpiE & IR, AAGER AT, SHREALEN
2%~3%, SEEF. BARIEEN 73 (Golgi protein-73, GP73) fEZ 5411k
AR AL A RIA T, 162 FH ARG i Rk 10,

AW AT T Lk 4 FifebrAE COVID-19 3 7 M A B AR,  PAHERT
SARS-CoV-2 YL A] e 51 K W i b A e o7 SO A TE RGP o kil 45 5K 8o,
Tl A E A COVID-19 H % MK LPS. BDG. GP73 & & & T A
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(P<0.05) , iFBAP IR TN (P<0.05) , 15%@. RS B B 2 (A B
Z5 (P>0.05) , W] COVID-19 BFH AL R HE YL, ATRES A LIE R
T, A TC i R R A A
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Fig. 1.9 Detection results of LPS, BDG, iFABP and GP73

7 C: AFEIRES T COVID-19 H# iFABP &

/\4

P=N

B

D:

AENER B COVID-19 H#34 LPS & B: AHEIEKS T COVID-19 ## BDG &
AFENEE A COVID-19 3 GP73

*FRINE Mann-Whitney fIGA7A7E R & 2 7 (P<0.05) , **3&/RZ Mann-Whitney 56
FERBEZER (P<0.01) , ***FERL Mann-Whitney I /FEN 3% 2% (P<<0.0001)

1.3.7 COVID-19 EB& MR FKFE T

T 538t SARS-CoV-2 JERGUF HLAAR G2 PRl FRak 15z, JeA 1ie i bR 1%
BRI EA COVID-19 B3 S5 H NN P4 K77k~ P G E7R: Hmid
MEA COVID-19 H#FH IL-1B. IL-2. CXCL1. CXCL6 L T{#HE A (P<0.05) ;
W EMAER COVID-19 ¥ IL-4. IL-6. IL-8. CCL2. CCL3. CCL4. IFN-y.
TNF-o = T HE AN (P<0.05) ; F# A COVID-19 & & IL-18 L T 1 F A

(P<0.05) ; COVID-19 i@ M & & IL-1p. IL-6. CXCL9 fi& T & M & &
(P<0.05) .
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1.3.8 SARS-CoV-2 BL{F BiE& T ZikhAee 14T

1.3.8.1 VSV-SARS-CoV-2 [RR TR Z1FH

AR FE SR IALE T 5T VSV-SARS-CoV-2 {55 55 /7 VL AN EE T B AE 5 75 4L 1
FETIFEARGI COVID-19 235 138 Fh AT A4 B I AH 9S4 . Spearman AH <14 43 #T 45
BR8] Wuhan BRIEG 55 518 ] VSV-SARS-CoV-2 5% # Wuhan #kH4: [7]
— 4t COVID-19 £ 3 Ifl 2Z H 43 B I AH O¢ 2414 0.9716 (P<0.05) , UESE VSV-
SARS-CoV-2 5 & £ 4t 5 B AE i PRI B K h AR I 45 R — B0 (BUw 7%
REAEH T a5

10000+

r=0.9716
P=0.0003

ID5o values of VSV-SARS-CoV

Y T T T 1
0 200 400 600 800

MN,qo values of SARS-CoV-2
111 B A T 5 AR MR AGL I R A A8 P2 5 SR AR SR 2

Fig. 1.11 Correlation analysis of plasma neutralization antibody titer between wild type virus and
pseudoviruses strains

1.3.8.2 COVID-19 &3 M3 X} 28 4k B AT ge 71 43 i

AHF5EHE T VSV-SARS-CoV-2 (BJi B 7 ikka il 1@ A A COVID-19 &
X BRI D614G 28 Stk Ml E AT (1) 7 #7487tk Alpha. Beta. Gammas
Kappa. Delta. Lambda. Omicron [f]HHFIfE /1. £ Mann-Whitney £ 36 & B G4 5
1] Wuhan £k COVID-19 & ({13 % Wuhan ¥REDHE B2 IDso FHAZECA 1616, Xt
D614G B HR M 1Dso FALEN 1488, X Alpha A8 54K IDso FHALECH 940, Xf
Beta AZ FHRIK) IDso HAZECN 305 (P<0.05) , X Gamma 28 F#k[ IDso FPAZECA

31 H




478 (P<0.05) , %} Kappa &Rk IDso HALEH 520 (P<0.05) , XI Delta A2 7
REY IDso A2 EA 701 (P<0.05) , Xf Lambda A8 5 #KH) IDso o A7 %0 402
(P<0.05) , %I Omicron 225K IDso A ECH 50 (P<0.05) .

PL IDso FAZEAEN COVID-19 83 I 20 58 AR Rk HR A RE D i = hnift, 5
%T Wuhan #REDR 5 FIBUREAI L, D614G 28 AR BURE R 4% 1.09 £, Alpha A8 5%
REBURTE T B 1.72 £, Beta 2 SERRBUBME N % 5.30 £, Gamma 28 FARBURME T
[% 3.38 1, Kappa 22 SFARBBUBYE R % 3.11 %, Delta 28 FRRBBURE T % 2.31 1%,
Lambda 48 55 PR BIUBE N & 4.02 £5, Omicron 28 SARBUBNE T % 32.32 fi%.

*%k%k*%k * k% *% * * %% *kkk
3000
1616 1488 940 305 478 520 701 402 50
g
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2 2000+
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0 | 1 1 1 1 ’

T T T
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K 1.12 /&4t Wuhan ¥k COVID-19 & X} 8 fft SARS-CoV-2 A&k (1 1 A 71 73 #r
Fig. 1.12 Analysis of neutralization ability of Wuhan strain infected COVID-19 patients’ plasma to 8
SARS-CoV-2 variants
7. Mann-Whitney £8P 1Dso THALECN P AE R/RERR VIR T, * 3R
£ Mann-Whitney A7 {ERE Z R (P<0.05) , ** K/RZ Mann-Whitney A5 507 /A% 235
ZE5 (P<0.01) , *** FIRZ Mann-Whitney fr IS A EMREE 27 (P<0.001) , **** IR

£t Mann-Whitney fo 30 /7 E 2% %2 % (P<<0.0001)
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1.3.8.3 @A BEMER B E MR H AT RKRER ST
KT T E@E R A ER COVID-19 B M XS 8 f SARS-CoV-2 28 Stk
MR FEE SR . WK 1.13 A fizR, COVID-19 @Ay i3 2 xt 8 N8 F bk
HHRNRE 745 R, T B B MR BI/MEK IR /& Omicron (FF% 0.074 %) . Beta
(B#Z 0262 %) . Lambda (P&Z% 0.381 %) . Kappa ([£Z 0.419 £%) . Delta
(F%% 0441 £5) . Gamma ([£% 0.451 %) . D614G (% 0.746 fi5) . Alpha
(F%%0.830 %) - Wi 1.13 B ffizr, COVID-19 =Y & 3 1 35 5% HoAth 8 Fp s 544k
[ AR AT RE 73R B FE MK /MK V2 Omicron (F&2E 0.055 £%) . Lambda (%%
0.266 f5) . Alpha ([%% 0.295 %) . Kappa (F&% 0.325 f%) . Beta (&% 0.333
f%) . Gamma (F&Z 0369 f%) . Delta ([£% 0.572 £5) . D614G ([#Z 1.035

) .

<0001 £=0,0003
8x10° 0.746 x (95%CI. 0492-1.130) 8x107- 0,830 x (95%CI, 0.512:1.347) 8x10 0.262 x (95%Cl. 0.150-0450) 8x10 0451 x (95%C. 0.301-0.676)
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:

v v 4
Wuhan D614G Wuhan Alpha Wuhan Gamma

P=0,0027 P=0.0007 P<0.0001
8x109 0,419 x (95%Cl. 0.242-0.726) 8x10° 0441 x (85%Cl. 0.282.0.691) 8x10° 8x10° 0,074 x (95%CI. 0.046-0.119)
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1.3.8.4 COVID-19 B& X Wuhan ¥RA1EZ R4k A6 1A 04
AHF7EiE L Spearman K56 04T 7 COVID-19 B M5 8 A8 R BUR Bk 5

Wuhan EEE#RHATRE AR, TRZE AR COVID-19 83 M3 ATHE T )% AN [F]
R RE— 8. Wk 1.14 Frw, &G Wuhan #4171 4] COVID-19 &35 K
X Wuhan {EEEAE ) FTEE 77 F1 D614G. Alpha. Beta. Gamma. Kappa. Delta.
Lambda 1B 8 19 AT E 7735 258M ¢ (10.670, P<0.0001) ; /&Y Wuhan Btk
(1) 47 3584 COVID-19 &3 MK % Wuhan PRARIFE 551 F F1HE 1A D614G.
Alpha. Beta. Gamma. Kappa. Delta. Lambda % 7% 1+ Al 8 77 AH 5% 14 5 5%

(1>0.757, P<0.0001) , 1fifE 21 i B 8 & F h A G PEAL S (r>0.453,
P<0.0001) ; COVID-19 £ Ifi.3% Fh Al Wuhan F:4k (18 /75 F AT Omicron 28 5 #k
MIRE I TEAR e . 45 JRAIESE, XY F 1 Wuhan EH&H) COVID-19 &3 M3 Al
JIFEZ PP AR Stk A OR T — 2, BRI BE & 0 s R P vk 1 e 79,
{H Omicron FEkAE M1 71

F 1.14 COVID-19 3 %} Wuhan #RA1AS 54k A ATHE T RS 1

Table 1.14 Correlation between neutralization ability of Wuhan strain and variant strain in COVID-

19 patients
FEPE Wuhan i & #k
N R Rkt ey R
Ny 2 - CR
| EHEH (n=T1) (=47 (ne2 1)
giitfE r P {H r P {H r P {H

D614G #0937  <0.0001  0.961  <0.0001 0.93  <0.0001
Alpha 5k 0.689  <<0.0001 0.806  <<0.0001  0.517 0.02
Beta 2Pk 0.67  <<0.0001 0.757  <<0.0001  0.453  0.045
Gamma {5 &k 0.77  <0.0001 0.827  <<0.0001  0.678  0.001
Kappa {2k 0.806  <<0.0001 0.866  <<0.0001  0.693  0.001
Delta {2 Pk 0.831  <0.0001 0.871  <0.0001 0.78  <<0.0001
Lambda {58 #0762  <<0.0001  0.842  <<0.0001 0.559 0.01

Omicron R 0.167 0.165 0.258 0.079 0.173 0.0453
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1.3.9 COVID-19 £ HERV-K (HML-2) 5 IFN #8X 14547

1.3.9.1 COVID-19 %3 HERV-K (HML-2) KIBIEHF I

ARHFFAEI T COVID-19 3 4 M A& SARS-CoV-2 ] Vero E6 4ilfig
HERV-K (HML-2) gag. env. pol ZER W% /KF4, i 1.14 Pz, HERV-K
(HML-2) gag. env. pol fEE@AIFNIER COVID-19 F¥E h#ELTHE (P<0.05) ,
FEFMIGIR ST Z BT E R (P>0.05) o {E/&H SARS-CoV-2 Wuhan #:ff] Vero E6
41 s &, HERV-K (HML-2) gag. env. pol 3&[K [ %% 5t /K F 57+ &, HERV-K
(HML-2) gag N TGt it %% R (P>0.05) , HERV-K (HML-2) env. pol 3:[K45 4;
¥ ER (P<0.05) .
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Fig. 1.14 Expression of HERV-K (HML-2) gag, env and pol genes in Vero E6 cells and COVID-19
patients

e B A-C 73513 7" HERV-K (HML-2) gag. env. pol FEFE COVID-19 i (I RIETH I
K D-F 4371387k HERV-K (HML-2) gag. env. pol JEK1E &Y SARS-CoV-2 f Vero 41 1)
Tk . BNEREFE=RELE, * /R4 Mann-Whitney MIRIEAERFH 2R (P<0.05) ,
ik IR Mann-Whitney F 507 7ER 35 2 5% (P<<0.0001)
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1.3.9.2 COVID-19 B3 IFN-I FHXEE BIET A

AT T COVID-19 B3 4 MAUK G SARS-CoV-2 [#] Vero E6 #iJfirh+
PR BE AR S IE R I 5K~ Wil 1.15 Fros, FHLEK Bl (interferon beta 1)
FE[H IFNBI. T Z LR (interferon-stimulated genes, ISGs) ISG15 F1PU ik &
HF%| (tetratricopeptide repeats, IFITs) F:[K IFITI fE35 @ A E A COVID-19 &
HREYTE (P<0.05) , HAEMMIRK 2 HLZER (P>0.05) o £
SARS-CoV-2 Wuhan #ki{] Vero E6 4iffury, [FITI E:HRKRIEIE I (P<0.05) ,
ISG15 FERTE BRI AR IE YL Vero E6 M RIEE A Z 5, IFNBI ZEFTEMHA
Vero E6 ZHffl A K3 . $275 COVID-19 23 40 & I B s 0 T30 200%
0 % B 1 DR T L 0 P SR 118 IR S T
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Fig. 1.15 Expression of Interferon-related genes in Vero E6 cells and COVID-19 patients
e B A-C 39K oR IFNBIL . ISG15. IFITI 3:R7E COVID-19 H# i RiE R L; B D-E 4
WFoR ISG15. IFITI 3£ NG SARS-CoV-2 ] Vero i ik EN . A SMAE=IX
HE, * R/R% Mann-Whitney fr I8 fFE R E X R (P<0.05) , ** £/R"%4 Mann-Whitney £ 55
FEMBEEZER (P<0.01) , *** F£RE Mann-Whitney 36 7 EN T % HF (P<0.001)
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1.3.9.3 H 15 HERV-K (HML-2) gag. env. pol 3&K G EARI AT
4T HERV-K (HML-2) gag- env~ pol % R 56 /K ARt X 1) 52 22 AN A,

A FAE A illumina “F- 5 X%} COVID-19 3 4 Il 15 K2 1) HERV-K (HML-2) gag-
env pol FEFHAT AT, MFLREZSHILKFA GRCh38/heg38 AT LY, #k
16 H RIE TR R 2T 97% MR R fr 2 il Bl 1.16. 45 B7R, £ COVID-19 &3
i E R IE K HERV-K (HML-2) gag i T 25 NAFER N et fR A7 &5, HERV-K
(HML-2) env £i7 T 36 AR A SR AL 5, HERV-K (HML-2) pol £ T 37 MAS
[F NG AR 5. HERV-K (HML-2) gag Wi mRIANL S TE 12 S5tk b (4
58335037~58335251 4b) , FAKFKIANL SAE 1 FYetafk (£ 75378750~75378940
4> ;5 HERV-K (HML-2) env [ f i RIEAL mifE 3 SR Bk (4
101699823~101699990 4t > , & K F ik i S £ 19 5 % Ak (4
22580569~22580735 4b) ; HERV-K (HML-2) pol I mFiEN S 7E 7 S ik
( 4] 4586046~4586188 4t ) , I KA AL i 1 5 R OMA (4

13212726~13212855 4b)
® env :“s—‘n =
pol = = —15

] 7 8 9 10 11 12 13 14 15 18 17 18 19 20 21 22 X Y

Low High
gag [ T

1 2 3

& 1.16 &% HERV-K (HML-2) gag. env. pol Hetiik sy 4[]

Figl.16 Chromosome distribution map of high expression of HERV-K (HML-2) gag, env and pol
##: HERV-K (HML-2) gag ik s 4% €4 1E 77 JE £ 78, HERV-K (HML-2) env 1AL
A E R, HERV-K (HML-2) pol ik sl M (0 = M R, #E R R AR
(=RiDY ERO R PR PR =

H37 W
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1.3.9.4 HERV-K (HML-2) BREZEE K GO 4317

GO 7 M Re TR AL IE R =M I AH S A= 271 #2 - (Biological Process, BP) 4
f%.%> (Cellular Component, CC) . 4T Zjf¢ (Molecular Function, MF) [ #it
(141.192) AT SO 0 18 31 1) /5 %98 HERV-K (HML-2) gag. env~ pol 3& RT3 A
BRI GO M, 53R wE 1.17 fizn. HERV-K (HML-2) gag HiRiA ) 34 ANt
AL AT BA% N 39 4> GO term, 45 12 4> BP term, 17 4> CC term #1 10 4> MF
term, HAEREMAKMER GO term 5 7AW (biological regulation, GO:
0065007) . fi& (membrane, GO: 0016020) Fl&H 454 (protein binding, GO:
0005488) ; HERV-K (HML-2) env =321k [1) 48 NMHEELFAL i vl LN 42 /> GO
term, 5 12 /> BP term. 18 /> CC term Ml 12 /> MF term, HH i BEARENER
GO term 25 7AW (biological regulation, GO: 0065007) . [ (membrane,
GO: 0016020) FIEEH gk & (protein binding, GO: 0005488) ; HERV-K (HML-
2) pol FFRIENT 51 AHELFAL v BL3 N 42 A GO term, 445 12 4~ BP term. 18
A~ CC term 1 12 4~ MF term, HA {7 BAARENER GO term &5 7 AW

(biological regulation, GO: 0065007) . & (membrane, GO: 0016020) Fl%x H i
454 (protein binding, GO: 0005488) .

HASFER SRR H R4 T (Kyoto encyclopedia of genes and genomes, KEGG)
Bm PR TN S AE Sk AR S, AR TS B A ELAE AN
W2 181, S 1 [ B COVID-19 i3 41 & 4t i =281k ) HERV-K (HML-2) gag-
env. pol ZEF TS E5MMMBIE S5 &%, AWALE T COVID-19 HEZE R
FIEFEK KW (Differentially Expressed Genes, DEGs) , KILFTA KA 30 2%
DEG &% (P<0.05) , # 10 & EH@ArEEWE 1.17 D fizr. DEG &%
REAE “SUMO & HKM” . “FAR-Z M EAER-” “B Bz “Pif xR
“Netrin-1 {5 57X JLAE 5B T . EATEENZ, IFN-y {5 585K 2& KEGG 7
HEE AN R EENIES CEEZEN 8.0898, P<0.05) .

38 T



HERV-K env

HERV-K gag
A

=
§ 104
o Il
#
é

. BP
= CC
- MF

I‘Illllllmm.. ‘Illln-

£
5
5

" Biological process i Cellular component ‘Mélecular function

HERV-K pol
Cu

SUMO is proteolytically processed {
Ligand- receptor interactions |
Role of second messengers in netrin- 1 signaling
Processing and activation of SUMO
RUNX1 and FOXP3 control the development of regulatory T lymphacytes (Tregs)
= 204 Effects of PIP2 hydrolysis - .
< Beta defensins
Defensins

8 151 Netrin- 1 signaling count
peptides{_ @ ® 0o

SUMO is proteolytically processed | . @ 00
Ligand- receptor interactions { . ®

Digestion of dietary cathohydrate { .
Role of second messengers in netrin- 1 signaling
Tandem pore domain potassium channels
Processing and activation of SUMO
Beta defensins .
Defensins . -025
Aldosterone synthesis and secretion 030

peplides

-038

254

08 5 -M3H

526 3 -AMH

-log10{pvalue)
-c2c

SUMO is proteolytically processed |
Ligand- r interactions 1 . [ ] -o40
Processing and activation of SUMO .

Effects of PIP2 hydrolysis | .
Beta defensins

100 34 -ANIH

.

Defensins. L ]
Histidine, lysine, phenylaanine, tyrosine, proline and tryptophan catabolism{ &
Netrin- 1 signali -

Interferon gamma signaling{_@
Olfactory Signaling Pathway -’
o

_ / e 25 50 75 100
{__Biological provess — * Cellular component ! loleoular function

K 1.17 ASFIREAR (] 22 57 3R IA FE R K GO ZhRg7r 21 KEGG 73 #r
Fig 1.17 GO functional classification and KEGG analysis of DEGs among different samples
T B A-C R R E %% HERV-K (HML-2) gag. env. pol JEFI YO AR SR IE R GO 4>
#résit: D: HERV-K (HML-2) gag. env. pol ) KEGG UK. & D siffgiea sl /N Ak
& Q MH ML A i B985 € 5 42_E 1) DEG %o

1.4 18

AHB 3 LA 82 5] COVID-19 1 [ £ 5 i 780 Gt AT AN A AR AS SRl 22
W, RE COVID-19 B BERE R A WAL, KL, COVID-19 A&
PO 8 2 A S D R AT IR TE WL, R S T AR W R 2
H COVID-19 ##E bk ) HERV-K ZRATGES 5 T #0E IFN (1) cGAS-
STING @, N COVID-19 &35 HE Kk A 1 N AENLEIFR AL 13 7o Ll

W, TRERECE RS . U NERSR K] COVID-19 i35 1 AE fE k™
$E78 COVID-19 S I S i WU B R Be 2 1 g b 19144, fEARm i, 3R
AT IR EERE B T3 R NPT BE . 1gG-S Al IgG-N Hifk £ & e 35 5 T s 1Y
B, DR S R 2 B A COVID-19 553 W 75 1 90 0% [ i ilsa 11451,
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ORI £E 5 B K G 5L ) DAREL W 220 4y, EIRIR B2 &k HXF COVID-19
B RIFIT AL, SRR HE B3 A R ATk DU R K AR AE, BB 7R L J5 3
ORI HUAR XU B Ry AR A 46197 2 gk IR, TR B A3 B v 11
COVID-19 HAE & 75700 13 Je i BA 1 ™ EL I RAEIR A 2 SARS-CoV-2 A it
R, T AT RE R LA I B e I R A A TR

SARS-CoV-2 S fEH FAAE SN ZIAZ G WA A, 2FEFPUREERER
FE PRS00 AR 5T 4 ORI E A E A COVID-19 &3 M3 1 A4k
TS 1gG-S PR R IEAIGR R, RIFIRABFT SARS-CoV-2 S & HRHiFkE
HUR TR 55 G [ v A EE/EH .. SARS-CoV-2 N &AM EHE R COVID-19
HRIAGE RN, FEAERELHREER 1gG-N filk, SERIE RS R M
FEAEPUARMS 3 58 208 (Antibody Dependent Enhancement, ADE) 1511321 1A
RILFH COVID-19 35 M H 1 1gG-N PUikik FE¥ 53 =T 1gG-S PRk E,
HE BB M2 1gA-N F1 IgM-N JUiRBHE R & T 1gA-S Fl IgM-S fufk, $HERfd A
SARS-CoV-2 N & H il #% () L i A ) & 5 2 Ar il 1) B3 COVID-19 B . Ifi
o IgA W UL BOEAE S, S EAN M A L AR R T g1 i B AR

( Antibody-dependent Cell-mediated Cytotoxicity, ADCC) . Hilife 23 . 4iig
PR, FH COVID-19 B3 MK IgA Al A I (] 38 b - i A i 2k
AT YU BRI 131571,

IgG LA TR S 5 RN F R T, 1gG3 M IgGl RILH L
BAMAGLICH B A B, T 1gG4 T8 H A RERE X — Bt 18, 7E COVID-19
HFH P SARS-CoV-2 N Ml SARS-CoV-2 S FEHPulAH, IgGl £ H LK IgG I
%%, 1gG3-S HUikFHMEZR I & T 1gG3-N $TiRrHMEZ . [Flt, SARS-CoV-2 1S
A T RE i B S AMA TS . U O ME 40 g 7R IR ( Antibody-dependent
Phagocytosis, ADCP) 5 ADCC fEN RN TIRE, 1M SARS-CoV-2 ] N SEEEN
— PSRBT K 22 BUAOK 1gG4 T2 = A [1581590

AW TR R BLBEAE I Y SARS-CoV-2 Wuhan TRk B M3 6454 % RBD %
AT AU SARS-CoV-2 A8 Rk FIRE SR, B Rk A 5 kA fape ki .
1.18 iz, fE RBD 54438070 5l R 0 AMF1 1 AN RARAL S D614G A2 5 A& A Alpha
RN COVID-19 B MR A PR R EUR, /£ RBD 253 15 N RAAL A
f¥) Omicron A&7k XT COVID-19 35 ML Fh AP iA e AUk . R 22 BEAE B Gy 1M
X Omicron 8 FHRARIH B H A BE DL, T3 COVID-19 B LK X} Omicron
A S ARABO BE A1 Wuhan BRABOH B I TR AIBTARTE BEAH G2 . SARS-CoV-2 S HHH
I RBD 45 R 3 (178 S5t 0 5 M B A JR e R 387 TSR0 S R b R RE 0 () B R 3%

40 7L



widtype  [[TER] i = [

D614G

D614G () e ] § [l [ E

N501Y D614G
Apha (I N T § e ()

K417N  N501Y D614G
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Kappa _ i = [ ED

L45§f184q D614G
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Fig. 1.18 Schematic map of RBD mutation sites on SARS-CoV-2 variants

KA FRIL COVID-19 f3#5 MK A 40 M K I 3R EL, &6 7 4 5 7 72 AN [+
I AR 43 Y ) g g B2 5. COVID-19 SR 4 3¢ /b IL-18. IL-6. CXCL9
WS Tl A i, IL-1B. IL-6. CXCL9 &% /11N COVID-19 ¥ B k4
Hr2 W ds 0101 DI 2 R B COVID-19 B3 i 3% TL-2 ¥R & T,
K FIGE R G Z A, & BOX M 2 57 0] e S5 REACSRIERNIG R IG T A Ok, K
G la]— 95 JE AR AN [N G % I R AEAE 22 57 UO21683) . ZH IRl ¥R 2 5 IR HLAR I
AFIAEEFE, Bl TGF-p A1 IL-10 BJHUERE S 1gA Pidk K, MImfe ik
SARS-CoV-2 & YL R AR ) 55 # 1641651, TL-1, IL-2. IFN-y. TNF-a Z5{EA Thl 3
2t DR 1 1 2 S SORE R 1 BRI ER, AT SRR, IL-4. IL-6 Al IL-10
SAEJy Th2 KU 7 HA PR T A R s & S R E . £
COVID-19 HE HiHEHi/EH R Thl Z5M1 Th2 4R R+ 2 [FII 30s sl dm s, 4
U1 IL-4. IL-6. IFN-y. TNF-a 7£ COVID-19 ¥ )7, mlfe RNV R) F ki
PUAESy 1 B R . AN 7R E S, BRI iS5 2 M %
Resas, P LS COVID-19 B3 BN AERE R 1061671,

41T
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AT &I HERV-K (HML-2) 7] LL¥E ¢cGAS-STING i, it TImEEE,
79 COVID-19 B KLt 7 HmvIA L. COVID-19 E¥& 41l HERV-
K (HML-2) gag. env. pol &R FI-TH 25 W00 18 B AH OC JE DR (1) 7 s B, T4
SARS-CoV-2 [f] Vero E6 41jis HERV-K (HML-2) gag. env. pol 5 EE, 15K K
RIS Vero E6 AU A B IFN-B 195815, ISG15 BRI %A W& 24k, 1A
BIHEEE R R G SRR IFIT] BRIk B R Sy 1681691,
SARS-CoV-2 Re 5 FIE - AREGUEM, B AA 5880w TP g 54
(R B R BVF A o 0 AR HIE 50 04 07 18 21 1) 15 26 18 HERV-K (HML-2) gag. env-.
pol FERIFHATHPIERA GO 70#r, KImRILH] HERV-K (HML-2) gag. env.
pol JEKRIGEZ 5T B BiHZ=AZ REH M7+ (Small Ubiquitin-like Modifier,
SUMO) [H/Kf#E. B BB A HEN RE IR, & REZENPREIK, £
COVID-19 &3 3Rk 5 B FRe s e WO, SUMO A& — Ml 10 8 1% 512
Wi, ERETTIMERN G TIRESEEAN TR RREER Y RRIE, £
FHZ @R FPUR G PR A R E A 7217, [, HERV-K (HML-2) MY
AT LLGE cGAS-STING Jd@ B, a1 SUMO &%, B iz kil H4b &R
(3, R A

T HEE HERV-K 5T EMF R, HERV-K 755 A\ 59% o 14 FH AT B
XA . DAME RIS R B HERV-K AHEHiPUm sS4 003514, HERV {£ 2 fiE
REHROEOE, RZEFH N HERV AR R SR, T K HERV {E 9%k
TR AE R AR EY D747, KRR L COVID-19 835 & N #5 1) HERV-K
REAEHEIOE cGAS-STING il %, 7 SUMO @A B BAfH R =42, Mk S IFN-
I B4R, B HERV-K 7E AR AN BE R FERRMR I 5200 o I8 1K) A ASHIE 70 A 78 /2
(1) COVID-19 &3 4 MAEA H T8 B /KPR 5E
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55 " EF SARS-CoV-2 N EA B mfELE A uifHl &

SARS-CoV-2 F i [ SRR K ¢h = FL R ok T B AL TA BN, 1iX
Tl A B A s S I e R AR /MR A, MRS WHO Fiitid 22 30 A B APk
S AR B . X R R A B (IR T R P UR R Y, b PR E
YRS S = e B B 28 R 0 Nl N | S £ B Sl RN T N 5 NN
W B AR R AR . I R/NREAR . A B Pk dl R, AN2K B gk A
PHEAREE . 420980 B 50 PR LR H AR IR A 20 B B H o2 IR, 8 FH7E A&
BT LG PR A . WA B R BRI S PR A E M 2R IR, HEREN
FBAESEZAIMYT S, FBEIHIAE, HEPURRIIREZIR. B B 1 fiik]
BHARLEL BB A B M K BE ML 2 5t 5 e TR 8, BN BAS
T B TEBUR ARG I AR R R, T 0 SR 57 1 0 2 ) 75 A s e R R SR AR e
JE. WA EB WEE KAl B 40 A JEER S 5 BrAA o il B 1 s A R DA
TSI TAE, FEE 2 AN H WEEERIF 2 NIRIIPIAR . PRI ER XX — /R A
WL THRIEH COVID-19 HE A MFEAET EB R B 40 ik 410 1) R 2 i 4%
R4 NPT SARS-CoV-2 N & [ HLIgELE APk, RN Y5 Pk PR
HIE AR, AR EAR BT 5 K B AR A

2.1 SELATRL
2.1.1 SERERER
FEAFHZE R S5 BEER 1.1.1.1, I4E COVID-19 FE 3 Filfd fE A 421
212 LWFTARAL. Sk EkKZ

(D Pk EERIEEMA y1 HC. PrikiR R84 « LC A1 A LC B B
TS 2 1) o 9 9 TR I 2 1) w0 4 TR 977 2% ) Bl 5% L e i s it o

(2) EBJi# (B95-8) HiA S w2k,

(3) KT % DHSo S22 400 H b RAR A EHE A TR A F] .

(4) HEK293F 4 1w [ 52 05 FRH 42 1) wroCo P 95 S0 30805 T80 4 ) v 0o A e
73 THUSH 42 1) [ 2 B s 36 = AR

(5) Vero E6 4y B A S8 = $2 4L

2.1.3 LW FERIEE
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Sy Wt TP A S 6 8

Table 2.1 The second part of the study used experimental equipment

INE N T i gt
W) 4 Classll NuAire
TAMIRET SR AR Thermo Fisher Scientific

DEM-111ZY H Bl bR il

WA TR AR

RO

LKA

AT RT

B AR A

FluorChem System

PCR ¥ 413 2%

B E L

UKL

KR

15 & R

)i N i

WMo as

AEH IR DTS R I AT

Thermo Fisher Scientific

Implen

AbECHIN AR

Mettler Toledo

Thermo Fisher Scientific

ProteinSimple

Bio-Rad

Sigma

SANYO

Thermo Fisher Scientific

OLYMPUS

Thermo Fisher Scientific

Eppendorf

2.1.4 L FEFEH
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225

I3t TP A P S AR A4S

Table 2.2 The second part of the study used experimental consumables

FEAEH v
giifiiobeeisiin Thermo Fisher Scientific
384 FL P A M IR AR Thermo Fisher Scientific
96 FL V- 4H 1 TR Corning
24 FLF R B IR Corning
6 FL 1 A s 7Rk Corning
96 L U Y JECAH 5 7R AR Corning
Ep & Axygen
PCR ¥ 18 8 & Axygen
AR A Corning
HIFEE Biologix
e Thermo Fisher Scientific
125mL 481 BE5H BIOFIL
0.22pum i JEL Pall
15mL/50mL B0V Corning

2.1.5 S FEIRXF

(1) ARSIy K i) 5296 17 e SERRAE A W3R 2.3 P -

F 2.3 55 HR W T T A Y S Bk
Table 2.3 The second part of the study used experimental reagents

A4 PR vt L ias)
IR EL 4 B 53 B Sigma 10771
PBS Gibco C10010500CP
0.25% Trypsin-EDTA (1) Gibco 25200-056
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DMEM
FreeStyle™293
PRMI Medium 1640 (1x)
A=A LG
HRR-HER
L2 2 Wi
DMSO

&R A (CSA)
WAL # (2019-nCoV) S HEH 1gG
PURKE AT & (22 R o bt
%)

FrAERGE (2019-nCoV) N FEH
IgG HrARR TG (5 RO 77
i
MiniBEST Universal RNA Extraction Kit
dNTPs
SMARTScribe Reverse
RNAse inhibitor
Phusion B2 & fif
Gel and PCR Clean-Up
e bE
Premix Taq
T4 DNA 21
pPEASY®-T1 Cloning Kit
K E 2
Age I-HF
Sal I-HF

Xhol 1

Gibco
Gibco
Gibco
Gibco
Gibco
Gibco
Innochen

Solarbio

LR R R 2 Witk A A PR A
=i

Je R il RIZ WradsRa R A
]
TaKaRa
Clontech
Clontech
Takara
Thermo Fisher Scientific
Promega
g DU AR A BR A ]
TaKaRa
NEB
X EMBAA RAF
e EXeEMBAA WA
NEB
NEB

NEB

11995-065
12338-018
22400-089
16010159
15070063
A2916801
D3855

C8780

RIS

GRIR S

9767
639125
639537
2311A
F530S
A9282
BY-R0100
RR902A
#M0202T
CT101-01
CDs11
R3552S
R3138S

RO146S
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Opti-MEM G IfiL 5 15 77 & Gibco

11058021
FreeStyle™ 293 FRIA K 773t Gibco 12338026
293 fetin™#% Yeik 7] Gibco 12347019
N IgG (Fe o Pl -~ JE 3 B e S H AR AT PR 7] BF06200-10
HRP-L=EHT A IgG(H+L) Jb 5T 1 B e e S ARG BR A ] BF03027
O e et Solarbio P1305
£ H H YK marker Thermo Fisher Scientific 26616
Nab™ Protein A/G Thermo Fisher Scientific 89980
BeyoGel™ Plus PAGE il Ji2 R RRAEMEAREGIR AR P0455S/P0456S
SARS-CoV-2N & IR RAEMHEAA A F P2328-1mg
Human IgG ELISA Kit bR e e AR H IR AR BDEL-0254-96T
10xTBST Z&H Solarbio T1081
10x LUK FER 2l CREJED Solarbio D1060
1xTris-tricine-SDS-PAGE ik 2% i Solarbio T1225
(2) AT Pk R SR B W3 2.4 k.
K 2.4 BFRARCE T
Table 2.4 Medium allocation method
Fr IR AR D% efE
AR LR A7 T 10% DMSO + 90% FBS FEIr IR
1640-10 £ 1640 $%5 775 (Git;clo; %1%25 2%2&4%@% (FBS) ng;
CoG HiFEE 1640 55975 (Gibco) +20% #OKIHMAAIME (FBS) AR
+1% T B R /BER £ +2.5 pg/mL CpG 2006 4°CIRAT

2.1.6 S| ENERK

KT S S A A A TAY TR (R RMARA RS .

0
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2.2 SEI vk
2.2.1 FEFr AR RS

(1) ¥ 50 mL f@# N1 #E# 2 E.0%, 3000 r/min &0 10 min, 3 /21

(2) hn PBS R&:p MAh 2 20 mL, WIKIRS), RESHEEEEEH 20 mL
B S0 mL B E T, BT R ORER 4 SR IE I

(3) WEBEOHIHERN S, FFiEN 2, 400 g &L 30 min.

(4) WHCFE AR, B TEER 50 mL B0, 0 PBS i A& N 50 mL,

g

(5) 250 g &> 10 min, FF Fif.

(6) H 50 mL PBS H&, 250 g &0 10 min, 7 LiE, Y4 PBMC.

(7) K131 PBMC H 1640-10 35375 8 T 37°C, 5% CO» [ _EAAE 7246
B

(8) ¥ PBMC #4745 60 M5, MGSFIEZR (cGy/min) ¥ 90.24, HEHFH&E

(cGy) 4 2000.

(9) RAFUEEFZANN: FHAN P B g 7R A M 1140, 250 g 2500 10 min W £E
WM. AR ENNRIE N ERNN, FEBEGHAE. BMNAAES
1x10" NG FRAML, B R AMMRAE S, BREFRIR 2 -80°C, 24 h Jo#4#s 2 A G+
RAT

2.2.2 B# PBMC 95

fE BSL-3 S50 % 347 DL N #1E .
(1) BUEE A 500 uL %77, FIAMKL 9 mL &8 H# 2 15mL 2058,
3000 r/min 250> 10 min, H F 23T
(2) H PBS BEMFEABAFIANA 10 mL, F80iRE], EI85E LTS
A 10 mL 73 BV 50 mL &0 E T, B RRORER 7 SR IE T .
(3) WEEOHIE N8, [Fid N2, 400 g &L 30 min.
(4) W 2 AR, B TSR 50 mL 504, I PBS i SAF1 Y 20 mL,

(5) 250 g &> 10 min, F i

(6) H 20 mL PBS & PBMC, 250 g &0 10 min, 3+ LjF, U4 PBMC.

(7) 3R1GH) PBMC itH8U5 P50 sy, Ho—mFE 2.2.1 25 (9) #17
HAEs H— e M T EB i EEE G,

2.2.3 EB fR&E R
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(1) HUAATHI EB R EERE R, AKIBRRR

(2) #E#G:

CpG 2006: ] 1640-10 3533 AR CpG 2006, fHHLZIKE A 25 ug/mL.

CSA: ] 1640-10 B3 373505 CSA, HHZIREEA 3 ng/uL.

(3) £ 2X10° 4 PBMC H 0.85 mL Fid &4 CSA HkiRAEEE, HHEE
24 LRI ES IR . BFFLIN 150 uL B3R CpG 2006 F1 0.5 mL EB 5 #5575 -

(4) 37°C 5% COy W) =HAREE AL TR, 24 h J5RguffidE A\ 1.5 mL
Ep &, 250 g &0 10 min, # L3f, H CpG B E B4, K& N H il
MRS, N 6 FLFIRANER -, BT 37°C 5% CO, M AL =M P E

(5) §7% 7 KRG, FEE4mL, 04 mL i ER 1640-10 K554, HET
37°C, 5% CO; WMWK FRMPE 7 K, BT BB W%,

2.5 CpG 2006 741
Table 2.5 CpG 2006 sequences

R A (5°-3%)

CpG 2006 T*C*G*T*C*G*T*T*T*T*G*T*C*G*T*T*T*T*G*T*C*G*T*T

¥ *3k7~ Phosphorothioate

2.2.4 E—x T 7 & THE

(1) WERTBEFRAM: RGN FRANE, F CpG 537 30K 5 77 40 P Ff B
% 5x10°4~/mL.

(2) MERTKAALAML: KK AT 20 B AR B 22 200 A~/mL, 7] 384 fL°F
JR AN S FRAR N BEFLINN 45 uL R i 2E AL I VRN 45wl 6 B 19344 3% 4
PSSV

(3) LaEFR: ¥ 384 FLTRAMRILFRHG HAELR, HRET 37°C 5%
COy M) A RIS IR AP .

(4 FREEFR: WS HKENINT 384 FLPIRMMEE TR, KIE 2/3
FLH B P AR I U, S I E AN FL GRS 5 e N 96 FLT IR AR FRAR
BT 37°C 5% COy I MBI AT IS .

(5) BHEEFLALIN: #5378 6 Kg A ig, A T AFEMER SARS-CoV-2
S+ N & H ELISA a5 s I 5 BH AL o

(6) FRPBHMEAM: XBER (5) FRIBHMEFLY KEEFE, 20lfEAN 6 fLPIK
MR TR, BALIIA 3 mL AL E Y CpG #5973, BT 37°C 5% CO, )
ARG FRAE I E 14 K.
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2.2.5 B R wfETHIE

(1) HERBEFTEAMM: EIGEAARETEMM, F CpG K 7= FLKs i 77 40 B i B¢
% 5x10°/mL.

(2) kKA. BOUE 2.2.4 F SARS-CoV-2 HLAHK il BH A HT 3
FORE VRN, FlRPBH IR AR, & CpG MR FRESATR IR 8, Mk
YA 104 204 40. 80 N4HfY/mL.

(3) FEEFR: 1) 96 fL-FIRAUMuIEF=REESLINA 100 pL P38 (1) HRER)
BEFEAMPRE, FION 100 uL B3 (2) FRREIK AR, FRKAE1L
ARSI E 96 MR L. HPTEACER, MRIE T 37°C 5% CO. H %1k
BRI FRAE I E .

(4) FR¥:FR: ¥t 14 RJa, W BB S i fLga 5 5 2 Bl A 96 FL
PR AN MBS FRBUR 7 24 FLF AN EE TRt . 12 FLF RIS IR 6 FL-F )4
MBI R I KR 97

(5) PHPEFLATI: HeR: 7R _Lys AR B A A #2451 SARS-CoV-2 S\ N & H
ELISA ol 71 S0 18 3 P 40 o

2.2.6 B= kT wfETHIE

(1) TR BIRRGFRBETFAMM, H CpG B 3=3bG i 77 40 B i
% 5x10°/mL.

(2) MRk A Lgnp: BOUREE 2.2.5 H SARS-CoV-2 HUAs il BH : o4
ML, FHE CpG B FREEFAT MR v 4, MBI % 10, 20, 40, 80 M4HME/mL.

(3) LEEFR: 7] 96 FLP KA TR BEALIIA 100 pL 2258 (1) SRR
PEFRANB R, TN 100 pL BIE (2) FRERE KRR, Rk At
AR RERA R E 96 NI FL. HBTEARER, MAIET 37°C 5% CO, %k
WRIGFRA IS .

(4) ¥ REEFR: K38 14 KJg, 5 H L0 38 585 00 1 FLGR 5 5 2 531 A 96 FL
IR0 AR TR K IR ) 24 FLOP IR A0S TR 12 FLF R4 =R 6 FL T4t
PR TR LA I R 7

(5) FHMEFLATI: B aR B3 A AR 2 4L H) SARS-CoV-2 S. N HH
ELISA ol 7] 5 [SH 14 248

2.2.7 FEMSKE 1L ZHBE RNA BYFRER




(1) K 2.2.6 FRHEKENAMTHEE A 15mL S0E Y, 4 °C 8000 g B4
> 2 min, 3+ FiF.

(2) A 10mL 1xPBS H 240/, 4°C 8000 g &0 2 min, F& biF, UKEYH
.

(3) A 350uL Buffer RL ZWERLNIE Y, 7RSI EH 22 MH L 2
UivE, =FE 2 min.

(4) ¥, (3) hRIREEF % gDNA Eraser Spin Column H, 12000
r/min 250> 1 min, 3% gDNA Eraser Spin Column, f* 2 mL B H¥ER. .

(5) [FMPERIMA 350 uL 70% B, 7woriRA LA IRA R R AER
RNA Spin Columns.

(6) 12000 r/min Z50» 1 min, FFJEMH. ¥ RNA Spin Column [ % 2 mL
Collection Tube '

(7) ¥ 500 uL fJ Buffer RWA I A% RNA Spin Column ', 12000 r/min
030, FFIER

(8) ¥ 600 uL f¥) Buffer RWB JIAZ RNA Spin Column ', 12000 r/min
0 30s, FUER. EEMDE IR,

(9) ¥ RNA Spin Column & T 2 mL Collection Tube =, 12000 r/min &> 2
min.

(10) ¥ RNA Spin Column B T-7#%# 1] 1.5 mL RNase Free Collection Tube,
7E RNA Spin Column i+ L4\ 50uL ) RNase Freed H.O, =i & 5 min.

(11) 12000 r/min 20> 2 min, et RNA.

(12) R G T RNA B .

2.2.8 PHMSKE 1L ZHAE RNA 1335 35%

(1) ¥ 2.2.7 HHEEUE RNA FikE A 50 ng/uL.
(2) MERWHLSFIRNAR R mix 1, IPFHIAE 2.10, mix 1 FIECT WK 2.6,
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% 2.6 mix1 KPR R

Table 2.6 mix1 reaction system

Aoy Pt & & LR IE JIr it PR AR /UL
RNA 100 ng 50 ng/uL 2
hIGK RT/ hIGL RT/ hIGHG RT 10 pM 10 uM 1
dNTPs 10 nM 10 mM 1

(3) ¥ mix] JREWE T 72 °C )< 3 min, 2 RNA 2458,
(4) HERIW LT AR R mix 2, mix 2 [T L3 2.7,
% 2.7 mix2 KPR &

Table 2.7 mix2 reaction system

4oy s ZWRE R AL
H,O - - 1.7
5xSMARTS Scribe Buffer - - 2
DDT 20 nM 20 mM 1
Template-switch oligo 30 pM 100 uM 0.3
RNAse inhibitor 20U 40 U/uL 0.5
SMARTScribe Reverse Transcriptase 50U 100 U/uL 0.5

(5) f 6 uL mix 2 TGN BIZZ NS K mix] RGBT
(6) FHRGHHE T PCR Y IGACH AT RS, WHRARF IR 2.8,
AR 2.8 PUIATT AR X 57 SV A

Table 2.8 Antibody variable region reverse transcription reaction system

SR I SRR TE] SRR H 1
42 °C 60 min A
70 °C 5 min 2k B
4°C 5 min TR S
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R 2.9 [KER SIS

Table 2.9 Reverse transcription primers sequences

ES

A (5'-3")

Template-switch oligo ~ AAGCAGTGGTATCAACGCAGAGTACAT/AG/G/rG/

GK RT GATTGGAGGGCGTTATCCACC
GL RT ACGGCTCCCGGGTAGAAGTCAC
GHG RT GCCGGGAAGGTGTGCACG

e GRS B A AL F R

2.2.9 AR T XAY PCR ¥ 18

% 1 R 5K PCR 78I, 5 3K H 38 H 514 Template-switch oligo, 3’ ¥ijfii F
Prik HEEEE XA 519 GHG RT. $ifk « BEEEE X Fr 7% 519 GK RT. i
A BEEEE R S Y GL RT. 55 2 $8LIK PCR § 340, (0@ H 514
ISPCR. Ptk HEHEEE X F 7519 GHG PCR. Hifk « BHEEE X K754
GK PCR. Jiff ) e fE 2 X Rp 5+ 15190 GL PCR.

(1) %3 2.10 #E% PCR § 1A &, SIMFHIILE 2.12,

# 2.10 Pk r] 28 [X PCR R MAK £

Table 2.10 Antibody variable region PCR reaction system

4y P & i ZIRE I @5 AR AR /UL
5xPCR Buffer - - 10
dNTPs 10 nM 10 mM 1
RT S B & ) cDNA - - 3
i FH 1E 7] 514 ISPCR 25 pM 10 uM 2.5
UL 17151 P 25 pM 10 uM 2.5
H>0 - - 30.5
Phusion £l 1U 2 U/uL 0.5

(2) %5 2.11 #E17 PCR ¥ ¥ s o
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R 211 PUATTAZ X PCR ML
Table 2.11 Antibody variable region PCR reaction program

SN JBER ] [EEE
98 °C 30s 1
98 °C 15s
63°C~57.5°C (BFEH IR 0.5°C) 30s
%10 cycles
72 °C 30s
98 °C 15s
56 °C 30s
x15 cycles
72 °C 30s
72 °C 7 min 1
4°C Holding 1

(3) F 1% BiflEFi A I AT B UK % 58, PCR P2 LA A S L, HIKAE K
90 V. PiiRESEH ) BOR/AN 750 bp, PULARREE B F) T BOR/NZ] 500 bp.
212 Pk AR X1 514 4

Table 2.12 Antibody variable region amplification primer sequences

K Fro1 (5-3")
ISPCR AAGCAGTGGTATCAACGCAGAG
GK PCR TTTGGCCTCTCTGGGATAGAAG
GL PCR CTCAGAGGAGGGCGGGAACAG
GHG PCR AGGGCGCCTGAGTTCCACG

2210 AR XL HMNFLEE




(1) % 2.2.9 1 PCR ¥4 8347 BRAGHEREI FoVk, HE A 90V, K HIM
BYIS (BUkESREZ) 750 bp, HUAREEZ) 500 bp) , JFE TiE#M 1.5 mL Ep %
2P

(2) AR FIREFRKRNESE, %R 10 mg BRIMA 10 uL 25 A0t ),
AL i RN B 45 57

(3) 65°C /Kitr, [AIRGIR S H 2R .

(4) Hi R ERIR A AR AR B, ZEPFE 1 min.

(5) 16000 g &-0> 1 min, FFIEWR.

(6) JI 700 pL JEVEHLE, 16000 g B0 1 min, FEUEMR.

(7) JIN 500 pL JEVEGE, 16000 g B0 5 min, FRUETR.

(8) 16000 g FF 550> 1 min, fHEFRERTPAGHIR LR, BdE #7527 5 1)
1.5mL Ep & L.

(9 [ dehn 50 L EAZRK, ZiREE 1 min, 16000 g &0 1 min, &
RV -

(100 FHBRE S OGN E

(11> B 20 pL gtk =ik b 5t i S8 585 R4 50 rp o0 BR A W) 384T Sanger Wl
Fe, KD 45 S IMGT S0 FE AT Lusxs,  #f e B s vl A2 X 7 51 4544

2211 IR EX FYERE T #iik

R TSI S R B AT AR X B ACRAE T RIRFE, AT Jiide L
PR T Hidk b, BB

(1) i ploy A F: {8 /] Premix Ex Taq M#% 1: 1 AAFRXS404L)5 ) PCR 74
Wl ploy A &, BT 72°C ¥ 7 10 min.

(2) 4glifk: b ploy A Br=#lA 2.2.10 #7440, FRMKRE .

(3) 3%E$E: H 1 pL T4 DNA JEHEGH 4 uL poly A /¥ = iIFE 10 min, K
2SI

(4) #Ak:

@ ¥ DH So KA B2 A B T 0K Faifk.

@ ¥ 5 uL IR (2) FRNEEEMAZ 50 uL IR #EH, 2305,
7K B3 E 30 min.

@ BT 42°C /KIFN, #ili45s, EIFEEK EWEH 2 min.

@ Jm\ 900 uL ] SOB, E-THEIK, 37°CI%MFHE 1 ho

® 6000 r/min £5» 5 min, K EAI SRR A 100 pg/mL Amp HilER LB
PR, BT 37 °C WEFEREIE 16 he

55 71



© PGS, BFREHAGUE T Bk 5~10 AR IEATFEE PCR %5E .

SRR FR AR 2.13, RVFRFF LA 2.14.

(6) FKE:F%: KBHMEB VA HA T 13 mL Amp B g B FrdEh, BT 37°C
250 r/min FEARHE TR

(7)) RAFBEBOIEREUT R : 5537 16 h J5 1 400 uL 50% H M £RAF 600 pL
W, AT T BRI . {8 F M13 1E [H) 51 P32 b 5 S35 R AR 72 b 0o A PR
] FEAT Sanger M7, FHISAEDUA AR X751 .

213 B T #fk PCR %€ PR R
Table 2.13 Identification of Recombinant T-Vector by PCR reaction system

4y JrE e SR JIT e A AR /UL
5xPCR Buffer - - 10
dNTPs 10 nM 10 mM 1
[Espiia - - 1
NAEEIEY| 25 pM 10 uM 25
SAEEEY) 25 pM 10 pM 2.5
H0 - - 325
Phusion £ 1l 1U 2 U/uL 0.5

214 HAL T A PCR % M
Table 2.14 Identification of Recombinant T-Vector by PCR reaction program

SR JNEIR ] TE
94 °C 5 min 1
94 °C 30s
55°C 30s x30 cycles
72 °C 60 s
72 °C 5 min 1
4 °C 0 1




2.2.12 fuik Rk H ik HaiE

(1) PUEER T 8k Erduihn 28 XAE AR, H A DI 5 e 1
1) (K217 PIEPUARTAEX, PCR RMNAKR WLFE 2.15, &MNFERFILE 2.16.
R 2.15 BEYIH7 5] N PCR J AR %

Table 2.15 Introduction of restriction site into PCR reaction system

i s & KIRE JiT s A AR /UL

5xPCR Buffer - - 10
dNTPs 10 nM 10 mM 1

& H A EH T #k - - 1
NREEEY 25 pM 10 uM 2.5
ALY 25 pM 10 uM 2.5
H0 - - 325

Phusion % & i 1U 2 U/uL 0.5

% 2.16 MU 5] N PCR RN AR T

Table 2.16 Introduction of restriction site into PCR reaction program

SN FEE SN I [R] TEIEL
94 °C 5 min 1
94 °C 30s
58°C (IgH) 5% 60°C (Ig 1) 30s x50 cycles
72 °C 60 s
72 °C 5 min 1
4°C © 1
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(2) ff PCR P4l ik S5, FFbAT DI 2ldk, RIS REAT e L2
([ 42.10) -
R 2.17 SINBE UL s P ] 22 X P 514

Table 2.17 Primers for amplification of antibody variable regions with restriction sites

Primer 44§ 74 (5-3")
N2E5SH5'Agel TTTTAACCGGTGTCCAGTGTGAGGTGCAGCTGGTGGAG (Age DD

N2E5H3'Sall  CCCTTGGTCGACGCTGAGGAGACGGTGACCGTG (Sal 1D
N2E5L5'Agel CTGCACCGGTTCTGAGGCCTCCTATGAGCTGACACAA (4ge D
N2E5L3'Xhol  GCATCTTCTCGAGACTAGGACGGTCAGCTTGGT (Xho D
N8C6H5'Agel TTCTCACCGGTATCTGTGCCGAGGTGCAGCTGGTGCAG (A4ge D
N8C6H3'Sall CCCTTGGTCGACGCTGAGGAGACGGTGACCAG (SalD
N8C6L5'Agel ACTGCACCGGTTCCTGGGCCCAGTCTGTGCTGACGCAG (Age DD

N8C6L3'Xhol ~ AGCTTGCTCGAGCCTAGGACGGTCAGCCTGGT (Xho D)
T NSRRI

(3) BY): ¥aifb )58 PCR P RPUARRIZE AR v1 HC FPrikitsERIEE,
AL AE CIRIR VK& T InER 2.18 A1 219 1K & .
£ 2.18 BV [ WAk &

Table 2.18 Enzyme digestion reaction system

Hoy JF K DNA/uL PCR 4fifl, /= #)/uL
ddH,0 38 8
10xBuffer 5 5
JEEY) DNA 5 35
AT 1+1 1+1
St 50 50

* 2.19 BV [ WA

Table 2.19 Enzyme digestion reaction program

SN ki DNA PCR i {L =4
) I N 26 37 °C 3h 37°C3h
2B s 80 °C 20 min 80 °C 20 min
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(4) Bt JIhH vk P v, i e 00 T D) 250
(5) H T4 DNA &EEMEAE 37 °C T E 3 h, ¥ HI R BOERRPiRRIEE,

R, EEAR RN 2.20,
R 2.20 EH VAL P

Table 2.20 Connection response program

Hoy &R /UL
PCR /I B 15
SR U] A B 2
T4 DNA Ligase 1
T4 DNA Ligase Buffer 2
St 20

(6) Hedl: FHER V¥ ALT] DH 50 KAt wi&szas b, BIRE 2.2.11,

() § KB FR S R R b P AR 44 2.2.11 (2D IR R E IR
FORAF BRI Rl o

(8) P W% MWK, JFETeY) %, RMFMFRPE (3)
W48 € e B ORI 28w 3EAT U 35 €

2.2 13 IFE#ZIRIA

(1) 7% 293F 4HM1: F FreeStyle™ 293 3iA 1% 773 5 IR 17 T R A ME )
293F 41, B T 125 r/min 37°C 5% CO, 40 354005 5 .
(2) WEAYINE: fFH 28 mL Frifr). TG 293™ FRIAH; 77 MR
3x107 4> 293F 41 % 125 mL ¢ B& 4H i 225
(3) fRJF-DNA AW
O f£ Opti-MEM®I F 158 30 ng Fiki, Fokibblinsz 2.21.
@ 1E Opti-MEM TG IfjEH; 72 3E B 60 uL [ 293fetin™ F&YLik5, {1175
BFRELSEN I mL. BEAE, =R TS min.
@ R ke J5 1) DNA IIAMREGRT, SFy 2 mL, BFRIE .
@ fEE I T A 20~30 min, i DNA-{HE AV




%221 #YLFkiLL

Table 2.21 Transfection plasmid ratio

% HEE RS R/ ng  BREER SR/ ug HEE: FEE
Pk N2ES 15 15 1: 1
Uik N2ES5 10 20 1: 2
Pk N8C6 15 15 1: 1
Pk N8C6 10 20 1: 2

(4) R4l IG5 -DNA B549): R EEHRT A 2 mL E464.
TR SRR 30 mL, FHEH L 13108 AN TEGH/mL . 78 [ X R85 77
W, IR\ 2 mL LA R 7R .

(5) B5FR4HHE: 7E 125 r/min 37°C 5% CO» 4155 7 46 B 17 7240

(6) WERFEAS: TEFEYL)E KZ) 2~7 RERH BT 200 L H T A& 1gG Al

(7)) KM 1gG: FI B4 7 1) A& 1gG ELISA &t e ja i it
ATARRE PR RT I, AP BRI

O BIEEGhRtR : PREIR SR, BEBRMLEERR —IR, FEMRKAR R Fa T

@ hnkf: B EbRAE R FLRIFEATL, FrdESFLIIN 100 uL 5 EEARRE AR v i
FEASLIOA 100 pL 205555 3G . A BREE R, 300 /min #2%, =EBEF 2
h.

@ Veik: FEEWAAR, LI 300 pL PeilidetR, Pedk 6 o RRREER, 7EHR
KA LT

@ IR IR AL 100 pL 1: 100 0B Bk 2 AL M BEbR 10 3

© WHE: FHFHEBEE R . 300 /min #53%, FEHE 1 h.

©® Peik: EELEOG.

@ R A LI 100 uL 2 AJKY TMB, #t, =R E 10 min.

@ &1L BN 100 pL 213 Hi b i A8 B,

© FIEEEr: 7E 30 min Z N, WI5E 450 nm B KSR KA 630 nm Z% 3 K
NHI OD 1.

2.2.14 fufksit

{8 F§ Thermo I protein A/G HiAR 4 GEx Big AT 4lifl .
(D B gl i 2 =i, K E O ZE 1000 g.
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(2) BN ARE IR EE N B O, 400 g 3520 10 min WC4E BiE. 1 0.22 um
R pES L PR B

(3) MG ISR FARRERE

(4) WAFFIeRAE BpgTnes, PR E M. BN 15 mL &S+,
400 g B0 1 min, FAEER .

(5) n2mL Z5E& S CT A Gt F: . 1000 g B0 1 min, FFIER. EE D
1%

(6) ARG EE S 2k 7 =, W EES /K A“Flow Through”,

(7) F15mL 856 MR g Bl A, AT RN 15 mL WEE
1000 g &0 1 min, FFIER .

(8) ¥ 100 uL MIFHFIZEMHANAN 5 A 1.5 mL Ep B, [ igidmnA 1
mL PEBEE, 1000 g 250 1 mine ERERFERE B PRI E MR Bp B,
WA IARAT R “aitbr=-17 . EEHDIER 4 IRCUERTS 5 ADNEE 4 =2,
BT 4°C 47,

2.2.15 FiFai e ia

2.2.15.1 N8 1gG #ril
KA E RN S IgG ELISA R &5 aiAb =Wk AT AR e R, 6
MFE 2113 2688 (1) .

2.2.15.2 SDS-PAGE ]

H KK SDS-PAGE XV 4l f5 B feiRgE T, e PR T .

(1) EAEAME: 3832 uL gitb = E T 8 uL B INFEZE M, T 99 °Chn
10 min, i AN,

(2) g T AR 8 i [ o T P VK2R B b, N ARV B8 TR 5 7 A N FEL K
W, HEH B e PR B B AR 2 (A1 S, /N AR T

(3) FEibFLEFE 40 uL A TR G, marker FL_EAF 10 pL.

(4) WHEHJEN 180 V HJK 40~50 min.

(5) MK E FE NI, 2R BER, IINIE & D B i g o
R, PEIKWEE 4 h AT, BB,

(6) HEAFREWR THIR LIE 16 h, HAFEEH: 3~5 KM AW

(7) H FluorChem System 7 [ B4 1 7K A SE56 10 3% o

2.2.15.3 Western blot &
K F Western blot %} 440 J5 ] SARS-CoV-2 N & [1H: S PR AT A .
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(1) Bl SARS-CoV-2 N ZHH%& 5 pg. 10 pug. 15 pg. 20 ug ¥ Ep &N. A
ddH,0 #MFEEFRF] 20 uL, HOA 4 pL loading buffer, 7870 R &G, 99 °C I E 10
min {85 F 2K

(2) W P pR e R [ e T vk 3R B b, N KR B8R S5 A5 A0 N HE Ok
T, FIF P 2 JER S PR BB AR [T ) L, /N T

(3) FEMALEFE 40 ul #£ IR G, marker FL_EFE 10 pL.

(4) BEE LN 180 V HK 40~50 min.

(5) BUNEER, Rt r46 T 7 o H R O i i i 4n A4k b, B B
BEWOE Y PVDF . % & A 200 mA HLPK 90 min HEATH B

(6) ¥ PVDF Jiiid 5 T8, BT 5% MM, ZIRMEKMHE 60 min.

(7) H 1xTBST fEFEPR L S min, EE 3 K. BT 20 mL 1 % £ HH#H
FE 1000 £5 IPLMAH, 4°C R EG IR E -

(8) F IxTBST 7E#IK LR 5 min, X 3 K. BT 20 mL 1%} AR
10000 f5# BT HRP-1L2EHT N IgG (H+L) ", =HIZKFEE 60 min.

(9) Bt H IXTBST fEFER Ve 5 min, EE 3 K. BEE A FROWRT
BULl1: 1iRE, 5L ZE PVDF £ L, T FlourChem System {17

2.2.16 iREFn S48

¥ aith 51 SARS-CoV-2 N & [ HUiRZE 2L s ¥ 3 A WBHE A IR A ],
VB E T H AR (Biolayer interferometry, BLID #E4T 2321 74 .

2.3 SRR ZE R
2.3.1 EBi®m&EkENLER

F EB i B YLHT 3RS 1 COVID-19 £ 1 PBMC 4if, 457 3 RAEZM
BN SIS IR, SR N 2.1, T LUEMiHLE B EB R #ERIHI5E
6 RITaa AR R ENE D) BRIE . BN, 2 b 0 35 B 7 i 11 240 i
Hl. EB R G5 9 RIGTEA M F N E0E 2 . AR EB iR G5 12
FRIETEAN AN AP LA 2 . RARFFEEAE K EB JREFRGLHISE 15 RIGHH 40 4]
ANBCRIE I, BRI . Bk, BedE EB W KALI B 4H
AROBEE, NFEAT T — 2 pe i S5 .
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] 2.1 EB J 83 &4 PBMC 41 ffd f1) 975 2 1<
Fig 2.1 Pathological changes of PBMC cells infected by EB virus
H: B A~F 35K EB fifE &% COVID-19 3% PBMC 555 0. 3. 6. 9. 12, 15K, [k
FIR: 1 mm.

2.3.2 I FEHER G2 W N ERHAFRIKEN B 4

AWEFCHEAT T 3 UL STREE, MRS HIK M B i &t A — > Hdi i
FEFAITR,  BERAL 5 i 18 2R AL 5B DA ml SR S A4S SARS-CoV-2 S HH
AN H 1 ELISA G @ Hkk FRPER KA B 40, W3R 2.22 o, 25 1 IRIESE
BEf LS E B 1 D PLSARS-CoV-2 S APUARITESL, 45 DML N FEEAHUA AL
26 1 IR S B R B 3 A BAPESE M HEAT 28 2 O T R i, m&%eE ] 191
JU SARS-CoV-2 N SHEHURFATESL: #5682 IRAL 5e i e 21 ) BV 20 B 204728 3
OO DERE R, %€ B 12 #R71 il H7T SARS-CoV-2 N H B fitiA 17K A4k B 4 i
o

R 2.22 =R e BE RS R A
Table 2.22 Summary of three subclonal screening results

Hl SARS-CoV-2 S & FAHUikpItEFL Y L SARS-CoV-2 N ZREHUIRFHTEAL

N

IR oL [ T i 1 45
BB R L % 0 19
= U [ T 0 12

2.3.3 A AT EX 5'RACE JEH B3R
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RHFCR S'RACE V53 M AR HgE a2 X741 170, J i 45 R an K 2.2.
£ 12 DKAAC I A B 4 LG FE 20 i 28 RES 1Y HHORPUR SRR AT A2 X O 6 >
PR L REERTAZIXON 8 Ay FUih « BEERTAZ XY 4 A4>. HUik S EE T AR XEAPEY 1
N 50%, PUREREE AL X PR R 210 91.67%. USRS 18 514 5' Ik
Frsedh, PrCLe Uk B A AR R T . (HREPUAESE H K BL O/ 750 bp)
APUAREEE H i Be ORI 500 bp) ARRIZR 25 5 T HAh 2k, R VI 4L
MR 2 BRARNS 7R (0 25 7 RS2

1000bp—
750bp—

500bp—

250bp—
100bp——

B 2.2 HUAH] AL X Py B9 1 7 40 Lk 4 5

Fig. 2.2 Electrophoretic identification map of antibody variable region sequence amplification
products
VE: [ A FORPUSE X GHG 7 W4 R, [ B Forpifs ) REEATEX GL 1oy 1%
Ry B C R  BEEATAZ X GK (P 45 R “M”i3K DL2000 DNA marker; 1~ 12 7Ki&
FRAFHKEA B 41l &

2.3.4 IR XM F Mo HhER
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¥4 Sanger M7 J5 IR B HE AR BE 7 21 280 LU Ja s 3L3R1G 2 0 H v B4
FF 543 3l i 4 AT N2ES AR N8C6, 2 MHUARIEREERAIL AN A, KH HEEE
A AR X F142 5 A AR X $2 52 1) IMGT/V-QUEST Wik T /047, #1458 T Hikx &,
IR 2.23. Pk N2ES Flfifk N8C6 () A 4285 T FE KK YE T [F— %K & IGLI3*02 F,
HARF 3 KIE T AF IR FR . AT HARBPUR S & A 08 CDR3 MR Z7E,
Prfk N2ES Fififk N8C6 HE#E CDR3 KJE 735124 45 bp #1 33 bp, itk N2E5 Al
Pk N8C6 1) A 32%5% CDR3 K 33 bp. ik N2ES 11t 55 4k AN 24 4 200 it v 43
RAZ (Somatic Hypermutation, SHM) 73714 2.11% 1 5.73%, HifAk N8C6 [ H 4
AEREE SHM 43714 4.51% A1 2.78%.

R 223 PUEFE R
Table 2.23 Antibody pedigree

V #EEFK R JRHREK R DE-SSESS CDR3 K RAEY

N2ES #4  IGHV3-53*04F  IGHJ6*02F  IGHD1-26*01 F 45bp 2.11
N2ES5 %4 IGLV3-25%03F  IGLJ3*02 F - 33bp 5.73
N8C6 HEE  IGHVS-51*01 F  IGHJ4*02F  IGHD2-8*02 F 33bp 4.51
N8C6 %8  IGLV1-40%*01 F  IGLJ3*02 F - 33bp 2.78

2.3.5 $A N2E5 Fiik N8C6 F& i ar (EUAERT 8] 144

AN B A A ik T A e i A AR A ok L . RS Y S RER RN R, N T
PAFIAE LG, AW FAE L G B B T PR B B IR SR P i R IA 4%
RPRLLL AR 0 1 1. 12 2 AL R, e s 2~7 RAIM EiE R i e
IgG & . 45BN 2.3 fir, Pilk N2ES FIPiik N8C6 #4 i Bk AN A% 5 1) i ki
b 1: 1 AR IgG SEELFRREE N 1: 2 & &S (P<0.05) . ¥j)s 2~7 K
P, BE S Gt TB] B ngi i IS R R, 1gG & &idil. ULk N2ES Fliik
N8C6 LA 4 RIAHAMFRILL N 1: 1 FHAEHYEE 2 RIRFESAS IR 1gG Bt
(LI ES =
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Fig. 2.3 IgG content in the supernatant of cells transfected with antibody expression vector 2-7 days
after transfection

TE: Bl 1PRoRE QU PUR EREA R BRI ORI LDy 12 1, Bl 27ROR g pi iR E
BEARE A BURIEE Y 12 2

~ -9

2.3.6 fiuf N2E5 Fasnfk N8C6 #hfk s

Rt G PR N 1eG & &, Pidk N2BS 4ifh =4 1~5 N 1gG R
43994 6608.04 ng/mL. 6222.81 ng/mL. 4632.42 ng/mL. 4594.73 ng/mL. 3421.90
ng/mL; Pk N8C6 4lifb )5 /=9 1~5 N & 1gG WK E 75N 6695.55 ng/mL.
6731.94 ng/mL. 5577.87 ng/mL. 5547.51 ng/mL. 3991.43 ng/mL.,

=R A, MR G B . Aifb i R R A “ Flow
Through” . $Hiikalith #3417 SDS-PAGE & A H K. 45 RmK 2.4 Fw, Pilk
N2E5 FIFifk N8C6 AL Y4l i Al “Flow Through” 3 44K FARI46H:, 4ifbr=4 R
£ 55 kDa (FiiRESE K/ F 25 kDa (PuikisE KN A H B0, Hitlk
N2E5 ik N8C6 B4l =44 5 5«
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Bl 2.4 gifbPifk N2ES 4k N8C6 SDS-PAGE % &
Fig. 2.4 SDS-PAGE Identification of purified antibody N2ES5 and antibody N8C6
e B AU N2E 5 1) SDS-PAGE HJk45 R B B 2 ik N8C6 ] SDS-PAGE HLIKZ: & .
B A FIE B 1 3kiE 24008 1, 2 kg2 Flow Through, 3-7 ¥KIE 401k 1-5 5774

2.3.7 fiifk N2E5 Fifk N8C6 HRr1H£E

AT TR His #3281 SARS-CoV-2 N 2511 (K/hZ) 47 kDa) LA 5 pg. 10 ug.
15ug. 20 ug MIBRFE B4, #E47 SDS-PAGE (A Hijk, % PVDF )55 1: 1000
B PI/R N2ES A4k NSC6 15 H . WB 455l 2.5 Fizr,  Hifk N2ES Fl4i
1A N8C6 1EN—1ift4: & SARS-CoV-2 N H [, {EZ) 47 kDa 4bF 45 - PE 5 4617
R His #5251 SARS-CoV-2 N & [ AINHF His #7251 SARS-CoV-2 N & .
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K 2.5 HitfAk N2ES5 Fifiifk N8C6 it %5 7€
Fig. 2.5 Specificity identification of antibody N2ES5 and antibody N8C6
E: AR B B2 Buik N2ES ik N8C6 1) WB 4558, 1~4 ¥kiE 25l /& SARS-CoV-2 N
EAEFEE N S ug. 10 pg 15 pg. 20 pg. “M?CFEE [ marker.

2.3.8 #ufA& N2E5 Fiik N8C6 =N 54

AR Z T H AR E T Hidk N2ES 4k N8C6 I5EH /), #F Human
FC 5%t EFH €4 4pg/mL ik, 7€ Gator #R4t E[H %€ SARS-CoV-2 N & FAME T
Jf, PRI E 6.250M. 12.5n0M. 25n0M. 50 nM. 100 nM. 200 nM. 400 nM 7
ANEREEBEAT RS, S H GraphPad Prism 8 #X 4 THLA, $U)R 5 N2ES ik
F1 N8C6 ks & 1Bh 112 #0758 Kp=1.42x10"° M. Kp=1.31x10°M, N2E5

PUACSRA 1
A N2ES & N Protein Binding B NBCS & N Protein Binding
Ko (M) =1.42x10° o " Kp (M) =131x10°*
Keds) =1.97x10° — %m Keds ) =1.88x10° — ;gm
KealMs 'y=1.30x10 * — gm Kea(Ms™)21.43x10 * -1 nh“
2.54 : — 1250M 2.5 : — %nu
— 625nM 12.50M
625nM
s
<
w
0.0 T T T - 1 0.0 T T T T 1
0 100 200 300 400 500 0 100 200 300 400 500
Time (s) Time (s)

K 2.6 Ptk SHURSS GBI 15 2
Fig. 2.6 Kinetic curve of antibody binding to antigen
T B A ME B SRSk N2ES FIHiik N8C6 1) 4543 /1 # 2k
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2.4 118

H AT 5w FE PR ) 8 B HOR F BOA 8 S e BEPUARIOR . LR EROR .
FER/NREARL A B 0PRSS EAR. A B ik AR . S HI
A IR v BE DU BOR R A8 PR L PR HUAR BER AR E . A, H AR A
HAeR RIETUE, RIREPUA LR .. AMESN KBOE A TE A, BHSE N 4E
T B o AU S T AN I R YR 97 A DOM10S) AR FE R B g B AR R R BR . %
RN R B R B . AR R ER . gl N &P R BAR S, HAprgE
R REEARBIR Bz, WA R R B T RIS R R i S AN 7 1 B v
Pupk, HIZEAREBEELH . HIERAHK . ARERMS ARG 10611 2L IR /)N
B AR B PTpARsE At . FRe e nIVEMERAE, (HZ AR IR TR T8
P G NESEGR . A B k4B Bk & BOR B B 2 FE . R
BN T d s DS, (RN TR SRR AR i) 4 R
il PCR HUAAFE R B H R A 76 3 5577 TR HOR IR B, B~ B 4B B i) £ 4
RIEF P58 U200, A28 B KA AR LG & RS s At
b AR N RIS PUR R LA, HEH R K A A AR K
BT S E DRI K A A 20 i 1 A K B 352 B

I LS A R e BEHUR IR ER S, AT S EB R EREAYE COVID-19 i3
PBMC 1] B 48, &3t 3 IR wefEifiiL, K15 1 12 #k$1 SARS-CoV-2 N HH
PUARBHMER R ZEAL B 400 XS T BHPEE I PR AT AR X E4T S'RACE 34 -1
¥, PASHAPUAREFTARX, FERIIERIEEAE. @t RE T, KT
FDIERTS T 5t SARS-CoV-2 N 8 H R /8 s i) 2 ik N2ES F1 N8C6. ik sL il
KA EFARN B 40 AT DLSCHL P s i 4, ORI H Y COVID-19
FEEVRYT T VR BRE HEAN G e b IR AL RO RIE ST BRI T SR, RSk AT R IR
R AR B R AL T HR S

SARS-CoV-2 N 2R R LKA IR T, DO/ AERAE, fEREEERGR
AR 5 e s it vp A 3 B EE R 177, SARS-CoV-2 ) N & At 5 #ME RS it
251 (lectin pathway, LP) H [ CH#E 22 Z IR 55 1§ MASP-2 454, FEMA R
WO, $B5r COVID-19 883 iR A MA I B 75 4k 7= A fifi 451473 271781, SARS-CoV-
2N EASREERZHEDIMG, SHEa@EdIH RIG-T B2k (RIG-T like
receptors, RLRs) @42 M FHRZ 242, N SARS-CoV-2 Hui i i 4 fHLH Fil
791, 145 SARS-CoV-2 N & H P IR AT T B3 B A G0 32 6 R ATL I FR A T+
R
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RS SRS A O e L u RIS . SRR R N BRI R
I K A RN 2R, o BB R a2 R 15 AN AEAL B 4i it )5
J7i%. EBJRTEAEIISAE B A N LA TER I, AR s, AR A B
M R. 7£15F B giMkAEd, EB HEEZPLE 1 (EBV nuclear antigens,
EBNA) . EBNA2. EBNA-LP. #{RIiE&EH 1 (EBV latent membrane protein 1,
LMP-1) #Bie®] 7 HEAEH . EBNAL & —Ff DNA 4558 H, BRRw ik R 4%
HRMBEGR OGS E, S 5MMpHA 22 U0, EBNA2 {F4 EB R 4G H
FeRIEH R, REBEWREFBEN T, HARRMN S IBERLIEE S Bus 4t
¥ B 4k 24k U821, EBNA-LP 5 EBNA2. #if 5K Rb #1 p53 fAAEAH BAEF,
JEE B AU AE AR U8, LMP-1 383 0% NF-«B fei m 7k ZE 4L B 41
S By 2 T el B

H ATA 7 I UM A EA R 2 b e Ho—, KAEER B 4iie AR I 3
MRS R TCRRISTE, KAEMN B UM A KRS R E SOE, 85325 — & M Bros @i
T, FEHMEDURR RIS R BAC . & RUX — 45 R B IR R AT Re 2 455717 EB Ji 85 4
ERIZHL IR 2 B 40 BAE 2R 40 BRAR G R IA T Be 22 UTBR EBNA 3R,  HE A RLRIE3E,
FRAETREERUR, SEANRALT., MM B 40k A AR U B R EOR,
IL-2. IL-4. IL-6. IL-21 SF4H0 R0 DL ST BRIDEA 150 FH 12 i 240 Jf 366 B 3 12 A e
P24, CpG. CSA Z5EHIEIIIR E NN 1) 25 45 1 B 2 S i 40 e ey 7k A= 4k
Rz USOISTL R, JEERAEALAL EB i EE kAL B 4H KB I 55 22 RS
o, REZ PRI, B SRR PR IR AR A I

Ho, (EBET VT B O AT S I BH P 40 B 0 e R AR T, AR A4 P R
1k SARS-CoV-2 N & H%EFPE 1gG ELISA 7 Gl 45 B B B 1 . S 80X
— 45 R R R AT e A2 A ) ELISA 13RI &K 2 G B 2 P RE e M 2 Bk
AR E R, A RS A ELISA BR70) &gt A7 BH 1t 40 i 07 18 25 5 4
RBAMEREAS . R Pk s St B i B K 2B AL B 4l RBP4
i P 4975 7 70 B B 41 % ik SARS-CoV-2 N 2K .4 /) ELISA #i.




=B AR5RE

T COVID-19 BAFNE @A B, COVID-19 H A 355 5 H LA v
i, BFFER I COVID-19 3 B R A 5 RS E VMG, ik,
R FAAFIGAIRE COVID-19 5835 1 G B AR AN T ) B B0RE A& 28 B 2
HER X, WA RBERAS NN BRE A A TIAL IR T A G B 451
srEEL,

AT R COVID-19 B3 G e hii K- Ihm, 16l K2 50%
PRl ¥~ B ) 1 BGE AR T AT, R 2 S N SR AT T A A R AR HH B e i
JEM N LENLE], B SOGE COVID-19 F835 1 Fa 8 R AE X T B 1k SR R AR kb
SARS-CoV-2 WiAT A HEEZ . Mok, REM %R T/ LUMEN COVID-19 &
HiLWrbrEY), B0 LPS. BDG. GP73 Z5feF N2 COVID-19 3 KL iEbx
W, BLE IL-1B. IL-6. CXCL9 540 A 15 5 gE X 43 16 24 28 3 A e R .

EHRZ COVID-19 5 F1 SARS-CoV-2 M fh & FI TR A 2 R mf, 34T
RPN H IR P AR PR R BIEAE B2 22 5, R R AR A 1 0t
RUAR P REREAL R IR g%, IR AR R W G B AR SR H 9% 22 e (R AT A Rt T 32 v %
PRI RE AR L E

s REoR, F R Wuhan #R ) COVID-19 f 35 137 5t 8 4= BRIEAT 1)
SARS-CoV-2 A& FRRIF HhHIGE JI AR, FRATHR e ik i ) 5 H RBD &5 # 1) 2%
AT A BT BEAFAEAR OGN, $EIRT V2 AR M 1 ORI 47 488 14 973 53 1A 0 5o ¥ 95
COVID-19 RiiATHRHEEL,

AL AR~ T COVID-19 3 4 il H #7305 i) HERV-K(HML-2)5 IFN
FIARDCHE, PRAIZIR T % 22 e BN AENLE], 2 IFN P~ AEHLRIR AR R DI R
HERV-K(HML-2) K& COVID-19 B H ik m % IFN F i, (ks
I 5 s, MBIk E, X5 “HERV S5 KL AR
MR, HERV FIEI a2 “A ERER” E2& “HRER” BFERANKRR, H
AR AR A B BE A, o AR AN AR SE R ZH ) HERV S5 & A A 1] 5L
RAEH

FHASS T B A4 R R BRI 2 8 R R A se il & AR NV PLE, A4 B 41
W7 HAR BAERAS NIEDUE, (AEOR WA S . AT EB i #iK A A
B 4B BB, S 7 RT AR AR M B A I ARG T e N R AL AR ) £
AR, FHE 2 A H WRLRE RGN U B R E P, D ARSI H AR 2R 0 S A4S 1)
BidEse ftint . ZIRTKAEME . PUET 8%, PiERiAE, B 4KE
EAR 2 PUE AR, 7 EIRE EARMIE] & %
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Zi bpriR, COVID-19 &3 HE A A IHLHI 5 %ol S BAFAE S B &, B4
RN T . SARS-CoV-2 A2 7 PRHIA W BLPkik 1 LA BIPIEBOR, B H
b R E i w5 A R A . EB i ag K AL B4 A HTAA ] 5% BORAE TR A
R SR AR AT T AT R B S, R TUE AR PR & R . (HIRTE
ARFEIPTEEEAL—FF, AR HERARR, KKK EB WeikAEN
B 4 LA & BOR B 2 O LR 5 1) £ S HROR
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B2 1. Piik N2ES w48 [X 5 %)

Supplementary Table 1. Antibody N2ES variable region sequence

G (X 35k Fe3 (5'-3")
FR1 GAGGTGCAGCTGGTGGAGTCTGGAGGAGGCTTGGTCCAGCCT
GGGGGGTCCCTGAGACTCTCCTGTGCAGCCTCT
CDR1  GGGTTAAACGTCAGTAGCAACTAC
FRD ATGAGCTGGGTCCGCCAGGCTCCAGGGAAGGGACTGGAGTGG
GTCTCAGTT
N2ES & i i A5 [X CDR2  ATTTATAGCGGTGGTAGTACA
TACTACGCAGACTCCGTGAAGGGCCGATTCACCATCTCCAGAC
FR3 ACACTTCCAAGAACACGCTGTATCTTCAAATGAACAGCCTG
AGACCTGAGGACACGGCCGTGTATTACTGT
CDR3 GTGAGAGATCGGCGTATAGAGGGAGCCTACTACGGTATGGAC
GTC
FR4 TGGGGCCAAGGGACCACGGTCACCGTCTCCTCA
FR1 TCCTATGAGCTGACACAACCACCCTCGGTGTCAGTGTCCCCAG
GACAGACGGCCAGGATCACCTGCTTTGGAGAT
CDR1  GTATTGTTAAACCATTTT
FRD TCTTATTGGTACCAGCAGAAGCCAGGCCAGGCCCCTGTCCTAG
TAATATAT
N2ES #2455 A 25 [X CDR2  AAAGACATT
GAGAGGCCCTCAGGGATCCCTGAGCGCTTCTCTGGCTCCAGCT
FR3 CAGAGACAACAGTCACGTTGACCATCAGTGGAGTCCAGGCAG
AAGACGAGGCTGACTATTACTGT
CDR3 CAATCAGTAGACAGCAGTGGTGCTTCCTGGGTG
FR4 TTCGGCGGAGGGACCAAGCTGACCGTCCTAG
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22 2. ik N8C6 nJ AR [X 4]

Supplementary Table 2. Antibody N8C6 variable region sequence

R X 35k Fea (5'-3")
FR1 GAGGTGCAGCTGGTGCAGTCTGGAGCAGAGGTGAAAAATCCC
GGGGAGTCTCTGAAGATCTCCTGTAAGACTTCT
CDR1 GGATATTCCTTTACCACCTACTGG
FRD ATCGGCTGGGTGCGCCAGATGCCCGGGAAAGGCCTGGAGTGG

N8Ce g Asx  CPR2

ATGGGGATC
ATCTATCCTGGTGACTCTGAGACC
AGATACAGCCCGTCCTTCCAAGGCCAGGTCACCATCTCAGCCG

FR3  ACAGGGCCATCAACACCGCCTACCTGCAGTGGAGCAGCCTGA
AGGCCTCGGACACCGCCATATTTTACTGT

CDR3 GCGAGACGGGTCGGGTGGGCTTCCTTTGACTAC

FR4  TGGGGCCAGGGTACCCTGGTCACCGTCTCCTCAG

FR1 CAGTCTGTGCTGACGCAGCCGCCCTCAGTGTCTGGGGCCCCAG
GGCAGAGGGTCACCCTCTCCTGCACTGGGAGC

CDR1 AGCTCCAACATCGGAGCAGGTTATGAT

FRY GTAAACTGGTACCGGCAGCTTCCAGGAACAGCCCCCAAACTC

N8C6 i Az CPR2

FR3

CDR3

FR4

CTCATCTAT
GGTAACAAC

AATCGGCCCTCAGGGGTCCCTGACCGATTCTCTGGCTCCAAGT
CTGGCACCTCAGCCTCCCTGGCCATCACTGGGCTCCAGGCAGA
GGATGAGGCTGATTTTTACTGC

CAGTCCTATGACAGGAGCCTGAGTACCTGGGTG

TTCGGCGGAGGGACCAGGCTGACCGTCCTAG
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