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1. Amino acid sequences of 2E6, 1N9, and 1017 ssdAbs

Fig. S1 The amino acid sequences of 2E6, 1N9, and 1017 ssdAbs.
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2. Detailed MD results of ssdAbs to targets

Table S1 MD results of 2E6, 1N9, and 1017 ssdAbs with targets ENR, NOR, and OFL

Targets  Binding cases PKAAs-binding forces Binding distances (A)
1S-hydrogen bond; 2.26
1S-salt bridge; 3.01
Case 1
30N-hydrogen bond 2.35
93W-two n-7 stackings 3.92;4.37
1S-salt bridge 4.81
Case 2 91D-salt bridge 4.23
93W-two ©-w stackings 4.03;4.22
1S-salt bridge 2.73
91D-salt bridge 2.85
Case 3
91D-hydrogen bond 1.97
103Y-hydrogen bond 2.18
ENR
1S-salt bridge 2.68
30N-hydrogen bond 2.02
Case 4
93W-n-x stacking 4.08
93 W-cation-w interaction 5.72
1S-salt bridge 3.05
91D-salt bridge 291
Case 5
91D-hydrogen bond 1.91
93W-n-n stacking 4.03
1S-salt bridge 2.78
Case 6 91D-salt bridge 3.71
93W-two nt-w stackings 4.20;4.31
3A-hydrogen bond 1.98
31Y-n-w stacking 5.03
NOR Case 1
89R-salt bridge 4.08
89R-hydrogen bond 2.00




1S-salt bridge 2.79

31Y-n-n stacking 4.32

Case 2
89R-hydrogen bond 1.94
98Y-n-n stacking 4.37
30N-hydrogen bond 1.71
89R-hydrogen bond 1.93

Case 3

98Y-two n-m stackings 5.05;5.09

99D-hydrogen bond 2.15
96L-hydrogen bond 2.14
96L-hydrogen bond 2.46

Case 1
97S-hydrogen bond 1.93
97S-hydrogen bond 2.65
91E-salt bridge 4.65
91E-hydrogen bond 1.79

Case 2
101R-salt bridge 4.94

OFL
101R-hydrogen bond 2.07
90R-hydrogen bond 2.01
Case 3 90R-salt bridge 4.42
97S-hydrogen bond 2.03
100W-four 7-7t stackings 4.16;4.08;3.87;3.94

Case 4 101R-hydrogen bond 1.70
101R-salt bridge 4.23
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3. SDS-PAGE identification results of mutant fusion proteins
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Fig. S2 A - E represent the SDS-PAGE identification results of different imidazole eluents for 2E6-
S1A, 2E6-N30A, 2E6-D91A, 2E6-W93A, and 2E6-Y103A, respectively. F - K represent the SDS-
PAGE identification results of different imidazole eluents for 1IN9-S1A, 1N9-N30A, 1N9-Y31A,
IN9-R89A, 1N9-Y98A, and 1N9-D99A, respectively. L - Q represent the SDS-PAGE identification
results of different imidazole eluents for 1017-R90A, 1017-E91A, 1017-L96A, 1017-S97A, 1017-
W100A, and 1017-R101A, respectively. Band M represents the Protein Marker (180 kDa), and

bands 1 - 5 represent the 20, 50, 100, 200, and 500 mM imidazole elusion components. The target

fusion protein bands are highlighted in red.



32 4. Concentrations of collected imidazole eluents and yields of mutant fusion proteins

33 Table S2 Concentrations of collected imidazole eluents and yields of expression of 2E6, 1N9, and
34 1017 mutant fusion proteins
Names of mutants Concentrations of imidazole (mM) Yields of expression (mg/L)
2E6-S1A 50, 100, 200, 500 2.50
2E6-N30A 50, 100, 200 2.50
2E6-D91A 100, 200, 500 1.25
2E6-W93A 50, 100, 200, 500 1.68
2E6-Y103A 100, 200, 500 1.64
IN9-S1A 50, 100, 200, 500 4.98
IN9-N30A 50, 100, 200, 500 5.12
IN9-Y31A 50, 100, 200, 500 4.82
IN9-R98A 50, 100, 200, 500 6.37
IN9-Y98A 50, 100, 200, 500 6.32
IN9-D99A 50, 100, 200, 500 4.40
1017-R90A 50, 100, 200 6.88
1017-E91A 50, 100, 200, 500 4.57
1017-L96A 50, 100, 200, 500 4.38
1017-S97A 50, 100, 200, 500 5.47
1017-W100A 50, 100, 200, 500 6.63
1017-R101A 50, 100, 200, 500 4.25
35
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5. SDS-PAGE identification results of mutant ssdAbs
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Fig. S3 A - E represent the SDS-PAGE identification of 2E6-S1A, 2E6-N30A, 2E6-D91A, 2E6-
WI3A, and 2E6-Y103A mutant fusion proteins before/after Ulp enzymatic digestion and the
eluents from the binding buffer. F - K represent the SDS-PAGE identification of 1N9-S1A, 1N9-
N30A, IN9-Y31A, 1N9-R98A, 1N9-Y98A, and 1N9-D99A mutant fusion proteins before/after Ulp
enzymatic digestion and the eluents from the binding buffer. L - Q represent the SDS-PAGE
identification of 1017-R90A, 1017-E91A, 1017-L96A, 1017-S97A, 1017-W100A, and 1017-
R101A mutant fusion proteins before/after Ulp enzymatic digestion and the eluents from the
binding buffer. Band M represents the Protein Marker (180 kDa). Bands 1 - 2, highlighted in red,
represent the fusion proteins before and after Ulp enzymatic digestion. Other bands, highlighted

in green, represent the target mutant ssdAbs collected from the corresponding tubes.
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6. ELISA verification of 2E6 and mutant ssdAbs
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significant differences in OD4so values (p < 0.05).
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Fig. S4 ELISA verification results of 2E6 and mutant ssdAbs at different dilutions. “a - ” represent



55

56
57

58

59

7. ELISA verification of 1N9 and mutant ssdAbs
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Fig. S5 ELISA verification results of 1N9 and mutant ssdAbs at different dilutions. “a - e” represent

significant differences in OD4so values (p < 0.05).
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8. ELISA verification of 1017 and mutant ssdAbs
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Fig. S6 ELISA verification result of 1017 and mutant ssdAbs at different dilutions. “a - e”

represent significant differences in ODuso values (p < 0.05).
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9. ICso results of ssdAbs to targets

Table S3 ICso results of 2E6, 1N9, and 1017 ssdAbs and their mutant ssdAbs to targets ENR,

NOR, and OFL
Targets Names of ssdAbs ICso values (ng/mL)
2E6 19.23
2E6-S1A 37.52
2E6-N30A 453.2
ENR

2E6-DI91A 29.93
2E6-W93A 130.9
2E6-Y103A 38.48
IN9 27.21
IN9-S1A 32.89
IN9-N30A 322.5
NOR IN9-Y31A 30.27
IN9-R98A 3254
IN9-Y98A 173.7
IN9-D99A 250.2
1017 34.19
1017-R90A 31.75
1017-E91A 41.04
OFL 1017-L96A 34.22
1017-S97A 24.16
1017-W100A 142.6
1017-R101A 173.7
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