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Supplemental Figure 1. Camel anti-sera inhibit SFTSV to infect Vero cells. 4th 

anti-sera represents camel anti-sera after the 4th 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) 1st PCR product， M: Marker DL2000 

Lane 1~12: Primer 1 pairs (12 tubes); (C) 2nd 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 MEGA6. The 62 

reliability values indicated at the branch nodes were determined using 1,000 bootstrap 63 

replications. Bootstrap value was labeled at nodes. (B) Clonal lineage analysis. Each 64 

slice represents one clonal lineage; the size of the slice is proportional to the number of 65 

clones in the lineage. The total number of clones is shown in the center of the pie. 66 

Lineage numbering can be found in Data file S1. Clonal lineages were assigned based 67 

on the identical amino acids. (C) CDRH1, CDR H2 and CDRH3 length distribution.  68 

69 

Supplemental Figure 5. The SPR affinity profiles of SNB binding to sGn protein. 70 

(A) Summary of affinity constants of SNBs binding with sGn as determined by SPR.71 

Ka, associate constant; kd, dissociate constant; KD, affinity constant; Rmax, the 72 

maximum response unit. Kinetic binding curve of SNBs with sGn. Different color 73 

curves represent different concentrations, sGn protein was bound by SNB02 (B), 74 

SNB07 (C) and SNB112 (D). 75 

76 

Supplemental Figure 6. Characterization of SNB02 binding with various subtypes 77 

of sGn. (A) ELISA analysis of the reactivity of SNB02 with various subtypes of sGn. 78 

sGn-A-E indicate the sGn protein from subtypes A-E, respectively. BSA binding with 79 

SNB02 was taken as antibody negative control (Negative). Data represent mean ± SEM. 80 

(B) Western-blot analysis of the reactivity of 0.5 μg/ml SNB02 with various subtypes81 

of 2 μg sGN. Lane M: Maker, lane1: sGn-A, lane 2: sGn-B, lane 3: sGn-C, lane 4: sGn-82 

D, lane 5: sGn-E, lane 6: BSA protein taken as negative control. 83 

84 

Supplemental Figure 7. Characterization of humanized SNB02. (A) ELISA analysis 85 

of the reactivity of SNB02 and humanized SNB02 (Hu-SNB02) with sGn. PBS binding 86 

with sGn was served as Blank control (Blank). (B) Neutralization activity of SNB 87 

against live SFTSV infection of Vero E6 cell. SNB-ctl, One VHH-huFc antibody 88 

without binding with sGn, was taken as antibody negative control. All experiments were 89 

repeated twice.90 

91 
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Supplemental Table 1. Summary of sGn-VHH library panning against sGn protein. 92 

Supplemental Table 2. The representative bacterial supernatant binding with sGn 93 

as determined by ELISA. 94 

Supplemental Table 3. Summary of CDR sequences of 142 positive VHH clones 95 

 96 
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sera represents camel anti-sera after the 4th immunization o sGn (green line), pre-bleed 99 

is the sera from the camel before the immunization of sGn. 100 
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Supplemental Figure 2. The construction and verification of VHH phage library. 103 

(A) RNA extraction. Lane M: Ladder DL5000, Lane 1, RNA extraction from camel 104 

PBMC after final sGn immunization. (B) 1st PCR product， M: Marker DL2000 Lane 105 

1~12: Primer 1 pairs (12 tubes); (C) 2nd PCR product, M: Marker DL5000 depicted as 106 

(A), Lane 1~8: Primer pairs (1 ~ 8); (D) Phage library characterization. Lane M: Marker 107 

DL2000 depicted as (B), the left lanes are single bacterial clones randomly picked up 108 

from bacterial phage library. 109 

 110 

 111 

 112 

 113 



 6 

 114 

Supplemental Figure 3. Analysis of sGn-VHH antibody phage library. The 115 

alignment of VHH sequences. 50 clones were randomly selected from phage library for 116 

sequencing and their sequences were converted into VHH amino acid sequences and 117 

aligned.  118 
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Supplemental Figure 4. Sequence analysis of positive VHHs. (A) Evolutionary 120 

relationships of 142 VHHs was analyzed using the Neighbor-Joining method. The 121 

optimal tree with the sum of branch length = 6.61901583 is shown. The tree is drawn 122 

to scale, with branch lengths in the same units as those of the evolutionary distances 123 
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used to infer the phylogenetic tree. The evolutionary distances were computed using 124 

the Poisson correction method and are in the units of the number of amino acid 125 

substitutions per site. The analysis involved 142 amino acid sequences of VHH. All 126 

positions containing gaps and missing data were eliminated. There were a total of 93 127 

positions in the final dataset. Evolutionary analyses were conducted in MEGA6. The 128 

reliability values indicated at the branch nodes were determined using 1,000 bootstrap 129 

replications. Bootstrap value was labeled at nodes. (B) Clonal lineage analysis. Each 130 

slice represents one clonal lineage; the size of the slice is proportional to the number of 131 

clones in the lineage. The total number of clones is shown in the center of the pie. 132 

Lineage numbering can be found in Data file S1. Clonal lineages were assigned based 133 

on the identical amino acids. (C) CDRH1, CDR H2 and CDRH3 length distribution.  134 

 135 

Supplemental Figure 5. The SPR affinity profiles of SNB binding to sGn protein. 136 

(A) Summary of affinity constants of SNBs binding with sGn as determined by SPR. 137 

Ka, associate constant; kd, dissociate constant; KD, affinity constant; Rmax, the 138 

maximum response unit. Kinetic binding curve of SNBs with sGn. Different color 139 

curves represent different concentrations, sGn protein was bound by SNB02 (B), 140 

SNB07 (C) and SNB112 (D). 141 
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Supplemental Figure 6. Characterization of SNB02 binding with various subtypes 144 

of sGn. (A) ELISA analysis of the reactivity of SNB02 with various subtypes of sGn. 145 

sGn-A-E indicate the sGn protein from subtypes A-E, respectively. BSA binding with 146 

SNB02 was taken as antibody negative control (Negative). Data represent mean ± SEM. 147 

(B) Western-blot analysis of the reactivity of 0.5 μg/ml SNB02 with various subtypes 148 

of 2 μg sGN. Lane M: Maker, lane1: sGn-A, lane 2: sGn-B, lane 3: sGn-C, lane 4: sGn-149 

D, lane 5: sGn-E, lane 6: BSA protein taken as negative control. 150 

 151 

 152 

  153 

Supplemental Figure 7. Characterization of humanized SNB02. (A) ELISA analysis 154 

of the reactivity of SNB02 and humanized SNB02 (Hu-SNB02) with sGn. PBS binding 155 

with sGn was served as Blank control (Blank). (B) Neutralization activity of SNB 156 

against live SFTSV infection of Vero E6 cell. SNB-ctl, One VHH-huFc antibody 157 

without binding with sGn, was taken as antibody negative control. All experiments were 158 

repeated twice. 159 
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Supplemental Table 1. Summary of sGn-VHH library panning against sGn protein. 160 

Project Ag Round Input(pfu) Output (pfu) Enrichment 
Positive 

rate(%) 

sGn-VHH 

library 

sGn protein 
 20ug/ml; 150ul/well; 

1st            1x10^12 1.38x10^6 1 / 

sGn protein 
 100ug/ml; 150ul/well;  

2nd            
2x10^12 

(1st amplified phage 

3.2x10^13) 
2.7x10^7 3.75 24.5% 

sGn protein 
 50ug/ml; 150ul/well;  

3rd             
1.2x10^12 

(2nd amplified phage 

1.21x10^13) 
1.44x10^8 8.89 67% 

 161 

 162 

Supplemental Table 2. The representative bacterial supernatant binding with sGn 163 

as determined by ELISA. 164 

<> 1 2 3 4 5 6 7 8 9 10 11 12
A 0.300 0.231 0.161 0.126 0.126 0.100 0.360 0.203 0.068 3.027 3.034 0.115
B 0.384 0.163 0.182 0.175 0.109 0.335 0.804 0.094 0.153 0.188 0.219 0.076
C 0.303 0.279 0.255 0.217 1.619 0.370 0.057 0.259 0.078 0.105 0.179 0.062
D 0.091 0.315 0.055 0.102 0.094 0.914 0.157 0.094 0.142 0.065 0.078 0.120
E 0.422 0.085 3.383 0.545 0.060 0.268 0.096 0.191 1.876 0.090 0.258 0.106
F 0.212 2.312 0.478 3.607 0.180 0.574 0.168 0.159 0.072 0.066 0.186 0.096
G 0.174 0.073 0.129 3.282 0.185 0.198 0.229 0.203 0.220 0.246 0.078 0.589
H 0.145 0.206 0.075 0.102 0.532 0.301 0.141 0.965 0.148 2.982 0.243 0.205
<> 1 2 3 4 5 6 7 8 9 10 11 12
A 0.088 0.079 0.068 0.076 0.071 0.075 0.090 0.077 0.059 0.090 0.121 0.068
B 0.096 0.062 0.065 0.090 0.058 0.082 0.131 0.060 0.065 0.070 0.109 0.055
C 0.123 0.076 0.080 0.073 0.104 0.097 0.053 0.083 0.063 0.060 0.069 0.051
D 0.057 0.087 0.050 0.058 0.064 0.170 0.070 0.060 0.072 0.059 0.060 0.066
E 0.098 0.055 0.096 0.097 0.057 0.078 0.065 0.099 0.110 0.058 0.076 0.065
F 0.100 0.121 0.091 0.091 0.083 0.115 0.067 0.081 0.054 0.054 0.066 0.062
G 0.070 0.059 0.094 0.088 0.104 0.092 0.101 0.076 0.090 0.074 0.060 0.172
H 0.069 0.102 0.059 0.064 0.138 0.137 0.082 0.244 0.084 0.111 0.153 0.084
<> 1 2 3 4 5 6 7 8 9 10 11 12
A 3.428 2.927 2.370 1.663 1.789 1.318 4.021 2.643 1.152 33.637 24.993 1.682
B 3.988 2.607 2.797 1.940 1.866 4.083 6.127 1.566 2.364 2.687 2.005 1.395
C 2.457 3.664 3.184 2.962 15.552 3.829 1.073 3.136 1.246 1.764 2.579 1.224
D 1.592 3.628 1.097 1.768 1.487 5.392 2.249 1.580 1.981 1.095 1.287 1.810
E 4.314 1.560 35.347 5.646 1.060 3.422 1.481 1.935 17.105 1.537 3.404 1.620
F 2.127 19.172 5.252 39.589 2.164 4.979 2.513 1.962 1.340 1.237 2.807 1.561
G 2.476 1.247 1.375 37.460 1.784 2.157 2.272 2.660 2.447 3.310 1.318 3.422
H 2.096 2.008 1.287 1.605 3.844 2.188 1.736 3.957 1.764 26.987 1.593 2.440

sGn

Blank

sGn/Blank

 165 

Note: Each readout represents bacterial supernatant binding with sGn protein (upper 166 

table) and blank control (middle table).  The lower table is the readout of sGn 167 

binding/the readout of blank binding from the same bacterial supernatant. 168 
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Supplemental Table 3. Summary of CDR sequences of 142 positive VHH clones 173 

 174 


