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Supplemental Figure 1. Camel anti-sera inhibit SFTSV to infect Vero cells. 4"
anti-sera represents camel anti-sera after the 4" immunization o sGn (green line), pre-

bleed is the sera from the camel before the immunization of sGn.

Supplemental Figure 2. The construction and verification of VHH phage library.
(A) RNA extraction. Lane M: Ladder DL5000, Lane 1, RNA extraction from camel
PBMC after final sGn immunization. (B) 1% PCR product, M: Marker DL2000
Lane 1~12: Primer 1 pairs (12 tubes); (C) 2" PCR product, M: Marker DL5000
depicted as (A), Lane 1~8: Primer pairs (1 ~ 8); (D) Phage library characterization.
Lane M: Marker DL2000 depicted as (B), the left lanes are single bacterial clones

randomly picked up from bacterial phage library.

Supplemental Figure 3. Analysis of sGn-VHH antibody phage library. The
alignment of VHH sequences. 50 clones were randomly selected from phage library
for sequencing and their sequences were converted into VHH amino acid sequences

and aligned.

Supplemental Figure 4. Sequence analysis of positive VHHs. (A)
Evolutionary relationships of 142 VHHs was analyzed using the Neighbor-Joining
method. The optimal tree with the sum of branch length = 6.61901583 is shown. The
tree is drawn to scale, with branch lengths in the same units as those of the
evolutionary distances used to infer the phylogenetic tree. The evolutionary
distances were computed using the Poisson correction method and are in the
units of the number of amino acid substitutions per site. The analysis involved
142 amino acid sequences of VHH. All positions containing gaps and missing data

were eliminated. There were a total of 93
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positions in the final dataset. Evolutionary analyses were conducted in MEGAG. The
reliability values indicated at the branch nodes were determined using 1,000 bootstrap
replications. Bootstrap value was labeled at nodes. (B) Clonal lineage analysis. Each
slice represents one clonal lineage; the size of the slice is proportional to the number of
clones in the lineage. The total number of clones is shown in the center of the pie.
Lineage numbering can be found in Data file S1. Clonal lineages were assigned based

on the identical amino acids. (C) CDRH1, CDR H2 and CDRH3 length distribution.

Supplemental Figure 5. The SPR affinity profiles of SNB binding to sGn protein.
(A) Summary of affinity constants of SNBs binding with sGn as determined by SPR.
Ka, associate constant; kd, dissociate constant; KD, affinity constant; Rmax, the
maximum response unit. Kinetic binding curve of SNBs with sGn. Different color
curves represent different concentrations, sGn protein was bound by SNBO02 (B),

SNBO7 (C) and SNB112 (D).

Supplemental Figure 6. Characterization of SNB02 binding with various subtypes
of sGn. (A) ELISA analysis of the reactivity of SNB02 with various subtypes of sGn.
sGn-A-E indicate the sGn protein from subtypes A-E, respectively. BSA binding with
SNBO02 was taken as antibody negative control (Negative). Data represent mean =SEM.
(B) Western-blot analysis of the reactivity of 0.5 ug/ml SNB02 with various subtypes
of 2 ug sGN. Lane M: Maker, lanel: sGn-A, lane 2: sGn-B, lane 3: sGn-C, lane 4: sGn-

D, lane 5: sGn-E, lane 6: BSA protein taken as negative control.

Supplemental Figure 7. Characterization of humanized SNBO02. (A) ELISA analysis
of the reactivity of SNB02 and humanized SNB02 (Hu-SNBO02) with sGn. PBS binding
with sGn was served as Blank control (Blank). (B) Neutralization activity of SNB
against live SFTSV infection of Vero E6 cell. SNB-ctl, One VHH-huFc antibody
without binding with sGn, was taken as antibody negative control. All experiments were

repeated twice.
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Supplemental Table 1. Summary of sGn-VHH library panning against sGn protein.

Supplemental Table 2. The representative bacterial supernatant binding with sGn
as determined by ELISA.

Supplemental Table 3. Summary of CDR sequences of 142 positive VHH clones
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Supplemental Figure 1. Camel anti-sera inhibit SFTSV to infect Vero cells. 4™ anti-
sera represents camel anti-sera after the 4™ immunization o sGn (green line), pre-bleed

is the sera from the camel before the immunization of sGn.
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Supplemental Figure 2. The construction and verification of VHH phage library.
(A) RNA extraction. Lane M: Ladder DL5000, Lane 1, RNA extraction from camel
PBMC after final sGn immunization. (B) 1% PCR product, M: Marker DL2000 Lane
1~12: Primer 1 pairs (12 tubes); (C) 2" PCR product, M: Marker DL5000 depicted as
(A), Lane 1~8: Primer pairs (1 ~ 8); (D) Phage library characterization. Lane M: Marker
DL2000 depicted as (B), the left lanes are single bacterial clones randomly picked up

from bacterial phage library.
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Clone ID
TISR3073225 seqH AD3 1" (1)
TIS03131074.226 seqH_ AD4 1" (1)
‘TIB03131079.0231 seqH_A09.2b1" (1)
'T1803131099.L251.seqH_C0S.b1' (1)
'T1803131077.1229.seqH_A07.b1' (1)
'TI803131095.1247.seqH_E09.201' (1)
TIS03131419.L271 seqh_EOL1' (1)
'T1803131084.236.qH_BO2.2b1' (1)
TIS03131106 1258 seqh_C12.1" (1)
'T1803131081.1233 seqH_A11.2b1' (1)
'T1803131098.1250.qH_C04.2b1' (1)
'T1803131089.1241 seqH_BO7.2b1' (1)
'T1803131082.1234 seqH_AL2.b1' (1) £
'TI803131091.1243 seqH_BO9.ab1' (1)
'T1803131103.0255.5eqH_C09.3b1' (1)
'T1803131087.1239.5qH_B05.2b1' (1)
'TI803131096.L248.seqH_C02.8b1' (1)
'T1803131115.1267.seqH_009.b1' (1)
'TI803131102.254.seqH_C0B.b1' (1)
‘T1803131114.266.seqH_E10.8b1' (1)
'TI803131105.0257.seqH_Cit.b1' (1)
'T1803131085.1237 .seqH_B03.ab1' (1)
'T1803131083.0235.5eqH_B01.2b1' (1)
TIS03131108.260.seqH_ D02.01' (1)
‘TI803131075.L227 seqH_ADS.01' (1)
'T1803131086.1238 seqH_B0.2b1' (1)
'TI803131092..244.seqH_BI0.&01' (1)
'T1803131078.1230.seqH_A0B.1' (1)
TIS03131076.L228 seqH_ A0S 1" (1)
'T1803131097.0249.5eqH_CO3.301' (1)
TIS03131090 L242.eqH_BOB.Y' (1)
TIB03131100.252.segH_C06 1" (1) 4
'TI803131088.1240.seqH_BO6.2b1' (1)
‘T1803131118.L270 seqH_D12.801' (1)
'T1803131093.0245.seqH_BIL.&b1' (1)
'TI803131120.1272.seqH_E02.8b1' (1)
'THS03131094 1246 seqh B12abt" (1)
‘TI803131112.1264.seqH_D06.2b1' (1)
'TH803131113.1265.seqH_DO7.2b1' (1)
THS03131116.068 seqH D10.1' (1)
‘TI803131117.1269.seqH D111 (1)
'T1803131101.0253.seqH_CO7.301' (1)
'T1803131107.1259.seqH_001.1' (1)
'TI803131110.1262.seqH_D04.201' (1)
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Supplemental Figure 3. Analysis of sGn-VHH antibody phage library. The
alignment of VHH sequences. 50 clones were randomly selected from phage library for
sequencing and their sequences were converted into VHH amino acid sequences and

aligned.
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Supplemental Figure 4. Sequence analysis of positive VHHs. (A) Evolutionary
relationships of 142 VHHs was analyzed using the Neighbor-Joining method. The
optimal tree with the sum of branch length = 6.61901583 is shown. The tree is drawn
to scale, with branch lengths in the same units as those of the evolutionary distances
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used to infer the phylogenetic tree. The evolutionary distances were computed using
the Poisson correction method and are in the units of the number of amino acid
substitutions per site. The analysis involved 142 amino acid sequences of VHH. All
positions containing gaps and missing data were eliminated. There were a total of 93
positions in the final dataset. Evolutionary analyses were conducted in MEGAG. The
reliability values indicated at the branch nodes were determined using 1,000 bootstrap
replications. Bootstrap value was labeled at nodes. (B) Clonal lineage analysis. Each
slice represents one clonal lineage; the size of the slice is proportional to the number of
clones in the lineage. The total number of clones is shown in the center of the pie.
Lineage numbering can be found in Data file S1. Clonal lineages were assigned based

on the identical amino acids. (C) CDRH1, CDR H2 and CDRH3 length distribution.

A B
250
Clone ID ~ ka (1/Ms) kd (1/s) KD (M) Rmax (RU) SNBO7 — 500 nM
SNB02 I.51E+05  8.26E-04 5.4792E-09 729.6 -, 200 — 250 nM
q 4 2 3 4 45308 © — 125 nM
§N1m7 x.om: 04 3.86E "’f 445.«»41j 10 199.7 % 150 Bt
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SNBI12  6.77E+04  2.32E-05 3.42758E-10 313.1 g 100 15.6 "M
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C
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Supplemental Figure 5. The SPR affinity profiles of SNB binding to sGn protein.
(A) Summary of affinity constants of SNBs binding with sGn as determined by SPR.
Ka, associate constant; kd, dissociate constant; KD, affinity constant; Rmax, the
maximum response unit. Kinetic binding curve of SNBs with sGn. Different color
curves represent different concentrations, sGn protein was bound by SNBO02 (B),

SNBO7 (C) and SNB112 (D).
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Supplemental Figure 6. Characterization of SNB02 binding with various subtypes
of sGn. (A) ELISA analysis of the reactivity of SNB02 with various subtypes of sGn.
sGn-A-E indicate the sGn protein from subtypes A-E, respectively. BSA binding with
SNBO02 was taken as antibody negative control (Negative). Data represent mean =SEM.
(B) Western-blot analysis of the reactivity of 0.5 pg/ml SNB02 with various subtypes
of 2 ug sGN. Lane M: Maker, lanel: sGn-A, lane 2: sGn-B, lane 3: sGn-C, lane 4: sGn-

D, lane 5: sGn-E, lane 6: BSA protein taken as negative control.
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Supplemental Figure 7. Characterization of humanized SNBO02. (A) ELISA analysis
of the reactivity of SNB02 and humanized SNB02 (Hu-SNBO02) with sGn. PBS binding
with sGn was served as Blank control (Blank). (B) Neutralization activity of SNB
against live SFTSV infection of Vero E6 cell. SNB-ctl, One VHH-huFc antibody
without binding with sGn, was taken as antibody negative control. All experiments were

repeated twice.
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Supplemental Table 1. Summary of sGn-VHH library panning against sGn protein.

50ug/ml; 150ul/well;

1.21x10"13)

. ) Positive
Project Ag Round Input(pfu) Output (pfu) |Enrichment
rate(%)
sGn protein
1st 1x10712 1.38x10"6 1 /
20ug/ml; 150ul/well;
2x107M12
sGn protein
sGn-VHH 2nd (1st amplified phage 2.7x10"7 3.75 24.5%
100ug/ml; 150ul/well;
library 3.2x10"M13)
1.2x10M2
sGn protein
3rd (2nd amplified phage 1.44x10"8 8.89 67%

Supplemental Table 2. The representative bacterial supernatant binding with sGn

as determined by ELISA.

&

v

v

sGn/Blank

BREE RGN EGEREEEEEEEEREREEE EREEER

428 2.927 2.370 1.663 1.789 1.318 4.021 2.643 1.152 33.637 [24.993 |1.682
988 2.607 2.797 1. 940 1. 866 4.083 6.127 1. 566 2. 364 2. 687 2.005 1.395
457 3. 664 3. 184 2.962 15.552 |3.829 1.073 3. 136 1.246 1.764 2.579 1.224
592 3. 628 1. 097 1. 768 1. 487 5.392 2.249 1. 580 1. 981 1.095 1. 287 1.810
314 1. 560 35.347 15. 646 1. 060 3. 422 1.481 1.935 17.105 |[1.537 3. 404 1. 620
127 19.172 |5. 252 39.589 [2.164 4.979 2.513 1.962 1.340 1.237 2. 807 1.561
476 1.247 1.375 37.460 |1.784 2.157 2.272 2. 660 2.447 3. 310 1.318 3. 422
096 2.008 1.287 1. 605 3. 844 2.188 1.736 3.957 1.764 26.987 ]1.593 2. 440

Note: Each readout represents bacterial supernatant binding with sGn protein (upper

table) and blank control (middle table).

binding/the readout of blank binding from the same bacterial supernatant.

The lower table is the readout of sGn
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173 Supplemental Table 3. Summary of CDR sequences of 142 positive VHH clones
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