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Abstract:  Given the increasing exploitation of antibodies in different contexts such as molecular diagnostics and
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protein-protein docking, especially, in the absence of a cocrystal structure. However, obtaining a native-like antigen-antibody
structure remains challenging due in part to failing to reliably discriminate accurate from inaccurate structures among tens of
thousands of decoys after computational docking with existing scoring function. We hypothesized that some important
physicochemical and energetic features could be used to describe antigen-antibody interfaces and identify native-like
antigen-antibody structure. We prepared a dataset, a subset of Protein-Protein Docking Benchmark Version 4.0, comprising 37
nonredundant 3D structures of antigen-antibody complexes, and used it to train and test multivariate logistic regression
eguation which took several important physicochemical and energetic features of decoys as dependent variables. Our results
indicate that the ability to identify native-like structures of our method is superior to ZRANK and ZDOCK score for the subset
of antigen-antibody complexes. And then, we use our method in workflow of predicting epitope of anti-Ebola glycoprotein
monoclonal antibody—4G7 and identify three accurate residues in its epitope.

Keywords. proteins docking, native-like structure discriminating, decoy of antigen-antibody, epitope-paratope prediction
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Tablel Training dataset of antigen-antibody complexes (total number of complexes=19)
Complex PDB ID 1 Protein 1 PDB ID 2 Protein 2
2VIS AB: C 1GIG_LH Fab 2VIU_ACE Flu virus hemagglutinin
2VXT_HL: | 2VXU_HL Murine reference antibody 1J0S_A(6) Interleukin-18
125-2H FAB
2W9E_HL: A 2W9D_HL ICSM 18 FAB fragment 10M1 A Prion protein fragment
3ECA_LH:I 3EOC9 LH Efalizumab FAB fragment 3F74_A Integrin alpha-L | domain
3HMX_LH: AB 3HMW_LH Ustekinumab FAB 1F45_AB Interleukin-12
3MXW_LH: A 3MXV_LH Anti-Shh 5E1 chimera FAB 3MIN_A Sonic Hedgehog
fragment N-terminal domain
3RVW_CD: A 3RVT_CD 4C1 FAB 3F5V_A DER P 1 alergen
4DN4 LH: M 4DN3 LH CNTO888 FAB 1DOL_A MCP-1
4FQI_HL: 4FQH_HL CR9114 FAB 2FK0O_ABCDEF H5N1 influenza virus
ABEFCD hemagglutinin
4G6J HL: A 4G5Z_HL Canakinumab antibody fragment 411B_A Interleukin-1 beta
4G6M_HL: A 4G6K_HL Gevokizumab antibody 411B_A Interleukin-1 beta
fragment
4GXU_MN: 4GXV_HL 1F1 antibody 1RUZ_HIJKLM 1918 H1 Hemagglutinin
ABEFCD
IBGX_HL: T 1AY1_HL Fab 1ITAQ_A Taq polymerase
2HMI_CD: AB 2HMI_CD Fab 28 1S6P_AB HIV 1 reverse transcriptase
3EO1_AB: CF 3EO0_AB GC-1008 FAB fragment 1TGJ AB Transforming growth
factor-beta 3
3G6D_LH: A 3G6A_LH CNTO607 FAB 1IKO0_A(10) Interleukin-13
3HI6_XY: B 3HI5_HL AL-57 FAB fragment IMJIN_A Integrin alpha-L | domain
3L5W_LH: | 3L7E_LH C836 FAB 1IKO_A(11) Interleukin-13
3V6Z_AB: F 3V6F_AB FAB E6 3KXS_F Capsid protein assembly

domain
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Table2 Testing dataset of antigen-antibody complexes (total number of complexes=18)

Complex PDB ID 1 Protein 1 PDB ID 2 Protein 2
1AHW_AB:C 1FGN_LH Fab 599 1TFH_A Tissue factor
1BVK_DE:F 1BVL_BA Fv Hulys11 3LZT_ HEW lysozyme
1DQJ AB:C 1DQQ _CD  Fab Hyhel63 3LZT_ HEW lysozyme
1E6J HL:P 1E60_HL Fab 1A43_ HIV-1 capsid protein p24
1JPS HL:T 1JPT_HL Fab D3H44 1TFH_B Tissue factor
IMLC_AB:E IMLB_AB  Fab44.1 3LZT_ HEW lysozyme
1VFB_AB:C 1VFA_AB Fv D1.3 8LYZ_ HEW lysozyme
IWEJ HL:F 10QBL_HL Fab E8 1HRC_ Cytochrome C
1BJ1 HL:VW 1BJ1 HL Fab 2VPF_GH VEGF
1FSK_BC:A 1FSK_BC Fab 1BV1 Birch pollen antigen Bet V1
1I9R_HL:ABC 1I9R_HL Fab 1ALY_ABC Cd40 ligand
11QD_AB:C 11QD_AB Fab 1D7P_M Factor VIl domain C2
1K4C_AB:C 1K4C_AB Fab 1JVM_ABCD Potassium Channel Kcsa
INCA_HL:N INCA_HL Fab 7NN9_ Flu virus neuraminidase N9
INSN_HL:S INSN_HL Fab N10 1KDC_ Staphylococcal nuclease
1QFW_HL:AB 1QFW_HL Fv 1HRP_AB Human chorionic gonadotropin
2JEL_HL:P 2JEL_HL Fab Jel42 1POH_ HPr
2FD6_HL:U 2FAT_HL Plasminogen receptor antibody 1YWH_A Plasminogen activator receptor
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Table 3 Prediction results of testing dataset (total
number of complexes=19)

Complex MLR hits Siig’:}:(ts SZcEr(Zi:(ts
1AHW_AB:C Yes Yes
1BVK_DE:F Yes
1DQJ AB:C Yes Yes
1E6J HL:P Yes Yes
1JPS HL:T Yes
IMLC_AB:E Yes
1IVFB_AB:C
1IWEJ HL:F
1BJ1 HL:VW Yes Yes Yes
1FSK_BC:A Yes Yes Yes
1I9R_HL:ABC Yes Yes
11QD_AB:C Yes Yes
1K4C_AB:C Yes
INCA_HL:N Yes Yes
INSN_HL:S Yes
1QFW_HL:AB Yes
2JEL_HL:P Yes
2FD6_HL:U Yes
Total 15 5 6

MLR: multivariate logistic regression model.
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Fig. 1 Result of predicting epitope of anti-Ebola glycoprotein MAb 4G7. (A) Binding hot spots predicted by KFC
Server. Residues critical for MAb 4G7 binding are highlighted in yellow. (B-E) Superposition of docking model and
cryo-electron microscopy structure (PDB accession No. 5KEN) on fixed Ebola virus glycoprotein. Docking model is
shown with glycoprotein colored green and MAb 4G7 colored yellow in which the heavy chain CDR3 loop is colored in
purple. Cryo-electron microscopy structure is shown with glycoprotein colored blue and MAb 4G7 colored brown in
which the heavy chain CDR3 loop is colored in red.
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