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MM/PBSA Calculational details

Molecular Mechanics/Poisson-Boltz Area (MM mann Surface /PBSA) is a widely used
approach to estimate binding free energies by combining molecular mechanics and continuum
solvation models 3. The binding free energy (AGyig) between pentamer and vaccine in the present
study is calculated by the following equations 4.

AGping= AGeomplex — AGrec — AGig
AGying= AEyu + AGyqy - TAS
AEvv = AEvpw + AEcou

AGyoy=AGpg + AGsp =y SASA +
AGSA =Y SASA + B

Where 4G ompiex> 4Gree, 4Grig represent the free energy values of AB pentamer-vaccine complex,
receptor AP pentamer and ligand vaccine. AEyy includes two terms, AEcqy for electrostatic
interaction and AEypw for van der Waals interaction. AGy,y, refers to the total solvation free energy,
which includes polar solvation energy AGpg and nonpolar solvation energy AGga. SASA refers to
the solvent accessible surface area with values of constants y and B as 2.2 kJ/mol.nm? and 3.84
kJ/mol, respectively.

The AGying calculated above often overestimates the screening effect to some extent when
studying binding ability 5. Therefore, Huang et al. proposed a new correction method © to modify
the electrostatic and polar solvent terms, resulting in a highly applicable fitted equation, as shown
below. The entropy contribution in the original method is usually obtained by normal mode analysis.
Drastically different from the widely employed but extremely expensive normal mode method for
calculating entropy change in protein—ligand binding, the calculation of the interaction entropy
simply involves the natural log of an ensemble average, which can be readily extracted along with
MD simulation without extra computational cost. That is, the fitting method is based on the
interaction energy between ligand and receptor, termed interaction entropy’.

AGgua= 0.0542 (AEcoy + AGpg) + 0.14852 AEypw + 0.05584 AGsat 0.11351 (-TAS) - 4.77148

AGgyq stands for the binding free energy value after fitting. For each complex, the total
binding free energy is obtained by summing up the contributions of each residue in the receptor

(pentamer) and the ligand (vaccine) to the free energy® °.
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® [ength: 14

®  Number of predicted TMHs :0
®  Exp number of AAs in TMHs :0
®  Exp number, first 60 AAs 10

®  Total prob of N-in :0.45149
® TMHMM2.0 inside 1 14
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Figure S1 Transmembrane Helix of AB;. 4.
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Figure S2 Refined 3D structure from the Galaxy refine web server (a) and structure validation (b, ¢) of
modell AB;.14. (b) ProSA validation of predicted structure with Z score of -0.84, (¢c) Ramachandran plot
analysis indicates 90.9% of residues are present in the most favored regions, 9.1% of residues are found in the

allowed regions.
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Figure S3 Refined 3D structure from the Galaxy refine web server (a) and structure validation (b, ¢) of
model2Af;.14. (b) ProSA validation of predicted structure with Z score of -1.23, (¢) Ramachandran plot
analysis indicates 100% of residues are present in the most favored regions, 0% of residues are found in the

allowed regions.
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Figure S4 Refined 3D structure from the Galaxy refine web server (a) and structure validation (b, ¢) of
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model3Af;.14. (b) ProSA validation of predicted structure with Z score of -1.99, (¢) Ramachandran plot

analysis indicates 100% of residues are present in the most favored regions, 0% of residues are found in the

allowed regions.
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Figure S5 Top 3 positions of two AP pentamers (fAP and tA) for vaccines (TAPAS, M1 and M2) docking,
in which the three top poses of the vaccine are highlighted in red for Top 1, green for Top 2, and blue for Top

3, respectively.

Figure S6 Docked complexes of TAPAS and modeli’AB;.14 (i'=1 and 2) vaccines to AP receptors. (a) and (b) are

docked complexes of TAPAS docked with receptors AB;_4 and AP4_4,, respectively; (c) and (d) stand for the

docked complexes of modellAB;.;4 docked with the two receptors, respectively; () and (f) refer to the docked
complexes of model2AP;_j4 docked with two receptors, respectively. TAPAS, modell AB;.14, model2AB; 14, APz

and Af4.4; are represented in magenta, red, blue, slate and cyan, respectively.
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Figure S7 SASA results of the six complexes
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Figure S8 Number of hydrogen bonds formed between the vaccine and the receptor protein obtained from the

last 10ns trajectory.
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Figure S9 Interaction residues and corresponding distances on the vaccine-receptor contact interface. The symbols
of A-E in parenthesis indicate the serial number of five chains in the A pentameric receptors. F in the parenthesis

stands for the vaccine. Hydrogen bond is represented by a dotted green line.
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Figure S10 Transmembrane Helix of AB;_;s.
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Figure S11 Structure validation of modell AB;_;s. (a) ProSA validation of predicted structure with Z score of -
0.1, (b) Ramachandran plot analysis indicates 100% of residues are present in the most favored regions, 0%

of residues are found in the allowed regions.
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Figure S12 Structure validation of model2A;_;s. (a) ProSA validation of predicted structure with Z score of -

0.14, (b) Ramachandran plot analysis indicates 83.3% of residues are present in the most favored regions,
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Figure S13 Structure validation of model3Ap;_;s. (a) ProSA validation of predicted structure with Z score of -

0.77, (b) Ramachandran plot analysis indicates 100% of residues are present in the most favored regions, 0%

of residues are found in the allowed regions.
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Figure S14 Top 3 positions of two AP pentamers (fAp and tA) for vaccines (M'1 and M’3) docking, in
which the three top poses of the vaccine are highlighted in red for Top 1, green for Top 2, and blue for Top 3,

respectively.
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Figure S15 Top 1 docked complexes of modelj’AB;.;s (j'=1 and 3) vaccines to AP receptors (fAf and tAp). (a) and
(b) are complexes of modell AB;.;5 docked with receptors AB;.4; and AB,.4, respectively; (c) and (d) stand for the
complexes of model3AP,.;5 docked with the two receptors, respectively. Modell AR5, model3AB;_15, AP;i4p and

APy are represented in red, blue, slate and cyan, respectively.
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Figure S16 SASA results of the four complexes.
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Figure S17 Number of hydrogen bonds formed between the vaccine and the receptor protein obtained from

the last 10ns trajectory.
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Figure S18 Interaction residues and corresponding distances on the vaccine-receptor contact interface. The
symbols of A-E in parenthesis indicate the serial number of five chains in the AP pentameric receptors. F in the
parenthesis stands for the vaccine. Hydrogen bond and salt bridges are represented by dotted lines in green and red,

respectively.

12



AN n B~ W

10
11

12
13
14
15
16

Figure S19 Fitted 3D conformations for modell1 AB;_;s and model3A;_15, where modell AP, ;s and
model3Af,. ;s are represented in red and blue, respectively, and the labels of residues 1-15 are represented in

green.

Figure S20 Fitted 3D conformation for modelj’AB;.;5 (=1 and 3) and TAPAS. TAPAS and modelj’AP,.;5 are

represented in magenta, red and blue, respectively.

Figure S21 The 3D structure of the free TAPAS
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2 Table S1 Immunogenicity, antigenicity, allergen, toxicity of AB;.14

immunogenicity antigenicity allergen toxic
VaxiJen 2.0 . .
0.14 0.61 > 0.40 Non-allergenic non-toxic
3
Table S2 Physicochemical properties of AB;.14
Number of Molecular Theoretical Estimated Aliphatic GRAVY
amino acids weight pl half-life index
1.1 hours (mammalian
reticulocytes, in vitro).
14 1676.76 5.73 3 min (yeast, in vivo). 7.14 -1.25
>10 hours (Escherichia
coli, in vivo).
5
6 Table S3 Parameters after fitting modeliAB;_14 (i=1, 2 and 3) structure to the 3D structure of TAPAS
Model RMSD(A) TM-score Identity
1 1.36 0.78 92%
2 1.20 0.81 92%
3 2.93 0.53 8%
7
8 Table S4 Cluster scores of docked TAPAS-AP;_4, complex
Cluster Members Representative Weighted Score
Center -710.10
1 213
Lowest Energy -817.90
Center -734.90
2 184
Lowest Energy -795.40
Center -793.20
3 180
Lowest Energy -793.20
9
10 Table S5 Cluster scores of docked TAPAS-AP,.4> complex
Cluster Members Representative Weighted Score
Center -808.90
1 273
Lowest Energy -919.40
Center -776.60
2 235
Lowest Energy -998.20
Center -785.20
3 158
Lowest Energy -866.30
11
12
13
14
15
16
17
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Table S6 Cluster scores of docked M1fAf complex

Cluster Members Representative Weighted Score
Center -663.90
1 413
Lowest Energy -774.90
Center -637.20
2 125
Lowest Energy -692.90
Center -684.10
3 96
Lowest Energy -684.10
Table S7 Cluster scores of docked M1tAf complex
Cluster Members Representative Weighted Score
Center -610.80
1 312
Lowest Energy -717.10
Center -609.50
2 275
Lowest Energy -712.70
Center -621.00
3 229
Lowest Energy -702.20
Table S8 Cluster scores of docked M2fA} complex
Cluster Members Representative Weighted Score
Center -635.90
1 215
Lowest Energy -678.70
Center -583.40
2 145
Lowest Energy -652.40
Center -562.80
3 137
Lowest Energy -635.80
Table S9 Cluster scores of docked M2tAB complex
Cluster Members Representative Weighted Score
Center -610.80
1 312
Lowest Energy -717.10
Center -609.50
2 275
Lowest Energy -712.70
Center -621.00
3 229
Lowest Energy -702.20
Table S10 Contribution of each residue in the AB; 4, when binding to TAPAS
Residue name Num. probability
VAL 30 0.37
ALA 16 0.20
ILE 11 0.14
GLY 9 0.11
LEU 7 0.09
ASP 5 0.06
GLU 3 0.04

15
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Table S11 Contribution of each residue in the TAPAS when binding to the AB;_4,

Residue name Num. probability
HIS 22 0.33
ASP 11 0.17
PHE 10 0.15
CYS 8 0.12
GLY 5 0.08
ALA 5 0.08
ARG 3 0.04
SER 2 0.03

Table S12 Contribution of each residue in the AB,.4, when binding to TAPAS

Residue name Num. probability
PHE 23 0.20
ILE 19 0.16
VAL 16 0.14
HIS 14 0.12
ASP 9 0.08
GLN 8 0.07
LYS 7 0.06
ALA 6 0.05
TYR 4 0.03
GLY 4 0.03
SER 3 0.03

ARG 2 0.02
GLU 1 0.01

Table S13 Contribution of each residue in the TAPAS when binding to the AB4.4,

Residue name Num. probability
HIS 24 0.26
PHE 15 0.16
TYR 14 0.15
ASP 11 0.12
SER 9 0.10
GLU 6 0.06
GLY 5 0.05
ALA 4 0.04
CYS 3 0.03
ARG 2 0.02

Table S14 Contribution of each residue in the AB;_4, when binding to model2AB;_14

Residue name Num. probability

ILE 25 0.26
VAL 23 0.23
MET 11 0.11
LYS 10 0.10
PHE 9 0.09
GLY 8 0.08
SER 6 0.06
ASN 5 0.05
ALA 1 0.01

16
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Table S15 Contribution of each residue in the model2AB,_14 when binding to the AB;.4,

Residue name Num. probability
ASP 16 0.21
HSE 15 0.19
TYR 15 0.19
SER 9 0.12
GLU 5 0.06
ALA 5 0.06
ARG 5 0.06
GLY 4 0.05
CYS 3 0.04
PHE 1 0.01

Table S16 Contribution of each residue in the AP,.4, when binding to model2 AR 14

Residue name Num. probability

VAL 20 0.19
ILE 18 0.17
PHE 16 0.15
HIS 16 0.15
LYS 7 0.07
GLN 6 0.06
GLY 5 0.05
GLU 4 0.04
ALA 4 0.04
ASP 3 0.03
ARG 3 0.03
LEU 1 0.01
SER 1 0.01

Table S17 Contribution of each residue in the model2AB;_14 when binding to the AB4.4

Residue name Num. probability
HIS 17 0.22
TYR 15 0.19
PHE 12 0.15
ASP 8 0.10
SER 8 0.10
GLY 5 0.06
GLU 5 0.06
CYS 4 0.05
ARG 4 0.05
Table S18 Immunogenicity, antigenicity, allergen, toxicity of APy.;s
immunogenicity antigenicity allergen toxic
VaxiJen 2.0 .
0.304 056> 04 non-allergen Non-Toxin
Table S19 Physicochemical properties of ABy_is
Number of Molecular Theoretical ol Estimated Aliphatic GRAVY
amino acids weight P half-life index
1.1 hours (mammalian
reticulocytes, in vitro).
15 1826.86 5.21 3 min (yeast, in vivo). 26.00 -1.69

>10 hours (Escherichia
coli, in vivo).
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1 Table S20 Cluster scores of docked vaccine M'1fAf complex

Cluster Members Representative Weighted Score

1 538 Center -636.60
Lowest Energy -749.00
5 156 Center -647.60
Lowest Energy -719.70
Center -660.90

3 50
Lowest Energy -636.60

Table S21 Cluster scores of docked vaccine M'1tA complex

Cluster Members Representative Weighted Score
Center -711.00
: 267 Lowest Energy -780.70
Center -701.00
2 189 Lowest Energy -813.90
3 85 Center -703.30
Lowest Energy -853.90
4
5 Table S22 Cluster scores of docked vaccine M'3fAf complex
Cluster Members Representative Weighted Score
Center -591.80
: 37 Lowest Energy -690.30
Center -590.50
2 318 Lowest Energy -748.60
Center -586.40
3 109 Lowest Energy -661.40
6
7 Table S23 Cluster scores of docked vaccine M'3tA} complex
Cluster Members Representative Weighted Score
. 455 Center -641.00
Lowest Energy -793.30
9 265 Center -687.90
Lowest Energy -779.20
Center -669.00
3 173 Lowest Energy -704.80
8
Table S24 Contribution of each residue in the AB;_4, when binding to model1AB;_5
Residue name Num. probability
VAL 25 0.29
LYS 17 0.20
ILE 10 0.12
MET 9 0.11
PHE 9 0.11
GLY 8 0.09
SER 3 0.03
HIS 3 0.03
ALA 1 0.01
10
11
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Table S25 Contribution of each residue in the modell AB,.;5 when binding to the AB;.4,

Residue name Num. probability
HIS 15 0.20
TYR 13 0.18
VAL 8 0.11
ASP 7 0.10
GLN 7 0.10
SER 6 0.08
PHE 6 0.08
GLY 4 0.05
ALA 3 0.04
GLU 2 0.03
ARG 2 0.03

Table S26 Contribution of each residue in the AP,.4; when binding to modell AR5

Residue name Num. probability
HIS 21 0.19
PHE 20 0.18
ARG 16 0.15
ILE 12 0.11
VAL 11 0.10
ALA 6 0.06
GLN 6 0.06
ASP 5 0.05
SER 5 0.05
LYS 5 0.05
GLY 1 0.01

Table S27 Contribution of each residue in the modell AB;.;5 when binding to the AB4.4>

Residue name Num. probability
HIS 15 0.20
TYR 13 0.18
VAL 8 0.11
ASP 7 0.10
GLN 7 0.10
SER 6 0.08
PHE 6 0.08
GLY 4 0.05
ALA 3 0.04
GLU 2 0.03
ARG 2 0.03

Table S28 Parameters of fitted 3D structures for modell AB;.;5 and model3AB;. ;s

RMSD

TM-score

Identity

0.71

0.87

100%

Table S29 Parameters of fitted 3D structures for modelj’AB;_15 (=1 and 3) and TAPAS

Model RMSD TM-score Identity
modellAB.i5 1.11 0.65 85%
model3AP.i5 1.30 0.59 85%

19
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