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Preparation and functional identification of fully human antibodies against Dabie bandavirus
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[Abstract] Objective: To obtain Dabie bandavirus (DBV) specific antibody sequences from peripheral blood mononuclear cell
(PBMC) of recovery patients with severe fever with thrombocytopenia syndrome (SFTS). Then fully human antibodies against DBV
were prepared. Methods: Enzyme - linked immunosorbent assay (ELISA) was used to detect the plasma antibody of SFTS recovery
patients. PBMC samples from the recovery patients were selected for magnetic bead enrichment, and the specific single B cells with
DBV glycoprotein (DBV-Gn) protein binding activity were obtained by flow cytometry. The antibody sequences were obtained by B cell
receptor sequencing, and the prokaryotic expression of single chain antibody was performed. Finally, the expression, binding capacity,
and neutralizing activity of the antibodies were identified by Western blot, ELISA, and neutralization experiment in vitro. Results: Total
25 blood samples from SFTS recovery patients were collected. The antibodies showed binding activity with DBV - Gn and DBV
nucleocapsid protein (DBV-NP) were detected in all plasma. Six types of single chain antibodies were obtained after flow cytometry
sorting and BCR sequencing analysis, all of which had good binding capacity and neutralizing activity with DBV. Conclusion: Six fully
human antibodies with neutralizing activity to DBV have been successfully expressed.
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KAHLILNR 75 (Dabie bandavirus, DBV)™, @45 Fx Ky
KA LA 28 B AR g o 3 Bl RRE R
YRR N AN TR RN S Vi O RN =7/ R P e
7 HL IS 23 A2 A B A A AR O ROIE G 4 T B
G M RGUREIRTE, WAL N 1290~30%
KBy B TG BT, 24 B FA S0 (1 8
Hm RS EZED" e HHT, PR i JoEE %) SFTS
FIA R TS A 2 AR S VB T 250, R T T B
FFRPRE VAR IT R I RRE IR T

A 5T LA SFTS Yk 52 3 i 5 A o 1. 5 4% 40 i
(peripheral blood mononuclear cell, PBMC) A £f 4% ,
i I PR E A 5 I A i 3R 15 DBV B 2 (1 (DBV
glycoprotein, DBV -Gn) 4 57 4 514 B 41 il , #1| FH B 41
524K (B cell receptor, BCR) I 7 3RAF P44 7] 48 [X 7
B, Rz IL H 645 DBV BA T RGPk, Ny
Je B SR ARSNGB 29 PO I B Rkl o

1 #RFTTE

1.1

e 4% 5 41 B (Vero) « DBV -JS14 97 & £ 1
DBV #%AX57¢# H (DBV nucleocapsid protein, DBV-NP)
JFE A S 6 % AR A7 BL2 12 54 (b 44
WA BR A 7D s DBV-Gn 85 1 (R 52 4 03 A= ) B2
HIRAFD ;37 wm i i€ 28 (STEMCELL Technologies
A F], IR s g HUAA S AL BURL (R AR T A
LRt A PR 7)) 5 1 5 ) 58 3 I ke A U 4 B
L ERL R — I B R . B B AME B A
PRIV REAS B SRR AT T g 5t B RS2 28 — it s
= B A6 B 23 B 23 1 ¥ A (2022-SR-366) 6
1.2 Fik
1.2.1  #A#&HUR NP &Y &R &

¥ NP-pET28a Jii i % e %2 BL21 B2 A 40 g
PR T T v B AT 9 G B R 5 S, A S
f B IE AR I NSRRI E AT R R R AL 3RS
DBV-NP .
122 SFTS& 280 %4 i 4 A a9l

SFTS Yk &2 3 B 5 112 Wb of fan R0 DR
H DBV # 58 <4.96x10° #% Ul/mL, ffi 3£  DBV-RNA
FE R s @M IRE AT T B 2 2R HARE 3 d B
s @i MR (platelet, PLT) A1 41 g Gwhite blood
cell, WBCO T+ #iZ #i 71 i s @1 2 A6 g 2 15 bR a0 74
R FL ¥ #4 l (alanine aminotransferase, ALT) « K
NSN3 (aspartate aminotransferase,
AST)  FLIR it ZU B (lactate dehydrogenase, LDH) . JJL

1% I (creatine kinase, CK) iR ¥ T B ; @ HAth o 7
SR AR SR 2 BT K
1.2.3 & d R ARz Aa

23 7% DBV-Gn A1 DBV-NP £ Ny ELISA 13 41
Ji, 5 P NN S LA R B D 1050 (1) 52 3 £ 1f
o FEMRUBAT B BE MRS, 35150 3 AL, AN 5
FIRRAL S IE 8 A Bl . = HUmA 1:2 000
i B 1 Anti-Human IgG-Feo BEFRCTE P K 450 nm
A 5 T FE A
124 #% f#+ PBMC #9421

A MBSO JE K AN 5 PBS 3% 101 LLlVR &35
51, AR LM INON 1.5 f5 bk EL 4t e B i+ 22 7
ZZ[% 2 000 r/min 250> 20 min, WEL_F 2 A1 d 22 7
Ab R THT 1) 40 B 2 9 NN JE & PBS #EAT B 0, N5 mL
2140 e R =, W F 5~10 min J5 , B 1& & PBS
0 I 2~3 R34S PBMC.
125 Bmlbwk's &

¥ PBMC H & T 24 0.1 mg/mL [ DNase i
W, IR A 15 min 2408 58 UG F 37 pum i JE A%
JEAM, HET 1 mL M. EAFIMA S0 wL
Cocktail TAEW, 3 ZIE 21 W F 10 min, FEHTE
2 B N TR 30 s i e VR 2 B ER 75 L, VRS
JEE R E 5 mine MMM E R 2 2.5 mL,
ZoPE TN I3, S E S min, EF#E
ZEH B E 2~3 s, B AL PBMC H 1) B4H .
12,6 AKX E Cn 4 F1EEAB @

Y T B = B 1) B 40 i B T 100 ol i 2% o
W, 4 12100 9 EL A5 0N CD19-APC $4K  1gG-BV
A21™ P IgM-BV 605™ Hi 44 . CD27-APC/Cyanine?
PUAAT Gn-FITC $iJi, VK 38 Y60 & 30 min. 5 H
45 05 H 200~300 L PBS #2410 i, T X4
1%, ¥ DBV -Gn i 7 V£ B AN B 40 il 731k 31 55 R
T 96 FLAR Y, UK ERCE A5 .
1.2.7 ¥ A-B#mfaeg BCR M 5

H 5y 3% B ) B AN B 4N i 48 S % S R PCR 48
J&i » X cDNA P29 347 3 % BCR ‘& 42 FH b Bk 461k,
Sud Bt Sk YOI A Be ik g L RS T
DU 00 ST AT I 43 B BUAR T 51
1.2.8 &FR E 5 & G % J% b7 i (Western blot)
Kz

¥ i Ja AR T B R Rl A TAY) TR
A R A w) HEAT B DR & Al I e 8 22 3044 pET28a, %
Pe 2 BL21 B2 A A M R AT IR A% RO o B R
Ji X AL e AR AT B B 0% BT B 1, 12% SDS-PAGE
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FHLJKk %8 52 H B8R A 2% K/, Western blot 46 31
6xHis-Tag-HRP % & H 1% [ His b %5 .
1.2.9 FARLE LTS

DBV £ 56 “C/K¥ K% 30 min J5 , 4402 445
HFH DMEM 4ER5RE 7250 DBV #8842 1x10° TCIDso
mL A 9 ELISA B4 Pt i, 35 P J5 N1 46 W 2N
50 we/mL BRI PTAE, —HUh0 A 115 000 # B 1
6xHis-Tag-HRP, FHEEARX T 450 nm ALIIE RO AR -
1.2.10 Atk Fo & AT

T-96 FLAR 35 7% Vero MG EEA i 24 h B 4,
YA EE 1X10° A /mL £ 47 . F DMEM 4 F5 87 5% 5
W U F) 300 we/mL, #2218 121 Ll in A DBV
(1x10° TCIDss/mL) o [F] 5 15 75 25 X FEL < B 4 et g
M ERR, B4 NE L, T37 CH AT he )
2596 FLAR H (1 40 B s 75 5, BEFL Ay Bl I B4 F

FIRAW 200 wL, W E 2 h # 2% B, A 100 pL
DMEM 4435 5% 75 3L 5255 24 h, T-80 °C /R B %R mh 3 1k
ZUfRANH, B0 U IR 2L LIE IR DBV %R, i
€ B PCR M43 DBV i 50 [

2 # R

2.1 SFTSk 2 #8%% iz 4% Ak

2022 4F 6 H —2023 4F 11 A 76 7 58 BB K 2 I
Ja& B — = Bt B e RSO (1) 25 491 1k 52 1A A8 2 IfL v R
KNI . P S G B2 WibR 55 & R+
P ML SR AR 12 T SR, B YR I R
I 1 DBV %% 8 <4.96%x 10° % Ul/mL H. {45 1% &2 Fa
SE3d LA, FEA 5,619 5 1 PLT 5 1E 5 {E AH Hh 4%
IS, 3B AL TR B, FARFEAS ) PLT A1 WBC 25
A EIREER D,

®1 SFISHEHBERARER
Table 1 Basic information of SFTS recovery patients

Sample Age Sex DBV-RNA PLT WBC ALT AST LDH CK
(years) (copies/mL) (x10°/1) (x10°/1) /L U/ U/ U/
1 48 Female <4.96x10° 251 4.69 37.9 40.8 - 169
2 74 Male <4.96x10° 272 5.16 12.2 13.4 137 24|
3 49 Female < 4.96x10° 136 16.11 1 38.9 7121 407 1 75
4 48 Female <4.96x10° 296 6.34 68.21 83.11 - 123
5 73 Female < 4.96x10° 94 | 8.65 17.4 25.6 2611 23]
6 69 Female 3.62x10° 60 | 320 28.0 39.7 286 1 34
7 48 Female < 4.96x10° 4471 7.31 68.2 1 13.7 258 1 171
8 48 Male <4.96x10° 4761 4.27 7531 100.5 1 3931 65
9 76 Male <4.96x10° 109 | 6.33 7351 5221 298 1 29|
10 68 Male 3.47x10° 4891 5.72 30.2 36.7 304 1 52
11 49 Female 1.95x10° 167 4.68 413 30.8 398 1 42
12 57 Male <4.96x10° 186 5.00 44.0 235 2371 51
13 62 Male <4.96x10° 120} 3.61 34.1 28.7 221 80
14 61 Male <4.96x10° 195 3351 503 1 20.7 284 1 33
15 46 Male 2.81x10° 189 6.79 187.8 1 60.0 T 2851 88
16 45 Male <4.96x10° 209 7.73 17.8 20.9 182 24|
17 63 Male <4.96x10° 202 6.95 123117 4841 197 88
18 67 Male 2.06x10° 395 1 17.50 1 7561 68.17 443 1 4321
19 51 Female 3.77x10° 73] 9.43 10127 32.9 200 42
20 76 Male <4.96x10° 142 3.78 90.7 1 26121 499 1 184
21 57 Male 3.70x10° 225 5.52 18.5 25.7 2531 30
22 69 Male 1.22x10° 162 6.83 250.7 1 16757 4701 803 1
23 72 Female 4.16x10° 330 4.50 18.0 43.0 4451 111
24 57 Male <4.96x10° 120} 4.40 243 222 162 34
25 48 Female <4.96x10° 216 4.14 26.5 18.5 198 74

The negative standard of DBV viral load: <4.96x10° copies/mL; the standard value of PLT: (125-350)x10°/L; the standard value of WBC: (3.50-9.50)%
10°/L; the standard value of ALT:9.0-50.0 U/L; the standard value of AST: 0-45.0 U/L; the standard value of LDH: 120-250 U/L; the standard value of

CK:40-200 U/L.
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Figure 1 Expression identification of DBV antigen
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A: The binding ability of antibodies to DBV-Gn in plasma of SFTS recovery patients. B: The binding ability of antibodies to DBV-NP in plasma of
SFTS recovery patients. C: Titers of DBV-Gn and DBV-NP antibodies in the plasma of SFTS recovery patients. HC (Healthy control) : a healthy plasma
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Figure 2 Detection of plasma antibodies in SFTS recovery patients
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DBV-NP B $i 435 FE &R 4 w1, (H 5 DBV-Gn [ 45 & fig
NI HABREA . 4 M 38 Frok o A i v 1,
HEHL 2 5 A 10 5 B AR BEAT B AN B 41 i 4> 25 1 BCR
M

CD19-APC HiLfAH F45ic B 4/, [gM-BV 605™
Pk 5 1gG-BV 421™H4R T 79 3% H BE % 43 Wk TgM
M 1gG [ BANAE . i8I CD27-APC/Cyanine7 41 {4 Fl
Gn-FITC HLik, (3257 i% H G815 DBV-Gn 45 & 19212
B4, {5 5 R 5 i SN M A o i 5 AR L
SFTS ik 5 A & 2% PBMC H REf% 73 1k tH 5 DBV-Gn

2 SREARSN S EIH) PBMCHUE N 1.6x10" M mL,
T Bk &= 45 B 41 B 50N 5.65x10° 4N /mL, 41 i 3% 14
76% , i 2o A W S R WE K B BE S B 4H MU B 4
99.4% , 43 ¥k 1gG PU AR B B 41 L 1 oM 14.1%, 5
Gn-FITC 454 1) B4H A EL 94 1.21% .
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Figure 3 Flow cytometry separation of Gn specific single B cells
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Table 2 BCR sequencing statistics
. Number of cells with  Reads mapped
Estimated . Reads mapped ~ Reads mapped  Reads mapped
Sample productive V-J to any V(D)
number of cells . . to IGH(%) to IGK(%) to IGL(%)
panning pair J gene(%)
Healthy control 8 4 95.10 39.88 32.14 29.30
Sample group 1 6 4 0.14 0.05 0.06 0.04
Sample group 2 8 4 94.21 38.85 26.30 34.77
Sample group 3 7 2 4.30 1.88 2.38 0.10
2.6 FutkF& A 5 Western blot % A B
kDaM123456 kDaM 123 M456

hrﬂﬂﬁﬁﬁiéﬂjﬁ%&f%ﬁ\ﬁ%ﬁﬁs, R
B NP SEME P ENT AL B %, A
AR R 1, 46 N30 kDa &2 A7 . B IR 2B M
YIEME R . PUAR HL13 H ik 45 5 B 7R 7E 40 kDa
AT R BRI E A, alifh i FEIE TR i — B Ak
(K50,

BRI 1 S5 k% 2k B A 6xHis 741, B 500 ng
H AL 12% SDS-PAGE ik 2 J5 H 6xHis-Tag Pt {4
%F H #)E A #E4T Western blot %52 , KL 6 MR LE
30~35 kDa Ab 3445 BH i B — 1) 2% 77 (& SBD , GiE B4t
(USHE SN RV
2.7 AR5 DBV &4 FWSHT

ik Pk N —i, 6xHis-Tag-HRP N 1. 5
5 R HEAT pET28a 75 28k [ P 0 BRAH EL , & 3 6 M
HEHUARXT DBV ¥ B A BRIP4 AT (B 6, Uit
P FE N 50 pg/mL IS, BEARAX 450 nm b ARG FEAE
15 1.5 7e A5, HRHE W' P AR DA R b R A A 1, Bk
HK11 5 DBV B 45 & e 780, Prisis B E .
2.8 HR 5 DBV A E ST

6 /M & B ik ¥ R I 5 DBV 1)
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P<0.01
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A Identification of antibodies by SDS-PAGE. B: Identification of
antibodies by Western blot. M: Marker; 1: HK11:2: HL13;3: HK14; 4:
HL25;5: HK26; 6: HK27.
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Figure 5 Expression and identification of antibodies
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I3 B 19 5 N 1x10° TCIDso/mL I, 6 AN Hi48%F DBV 1
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A:The binding ability between different antibodies (50 wg/mL) and DBV. B: The binding ability between gradient diluted antibodies and DBV.
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Figure 6 Analysis of the binding ability between candidate antibodies and DBV
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A: Amplification profile of detecting the neutralizing ability of antibody HK11 by fluorescence quantitative PCR. B: Inhibition rates of 6 antibodies

on DBV tested by neutralization experiment in vitro.
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Figure 7 Analysis of DBV neutralizing ability of candidate antibodies
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