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Abstract: Molecular docking predicts interactions between proteins or enzymes and their ligands in terms of
known or simulated structures and subsequently elucidates their interaction mechanisms thereof. Comparing to
regular experimental methods. molecular docking takes the advantage of rapid, automatic. high throughput,
low cost and abundant details. At present, due to the dearth of adequate structural information for most mole-
cules and especially their interaction scenarios, the structural basis for various viruses to be recognized by
cellular receptors and to elicit immune protection in host is poorly understood. Meanwhile, many viral diseases
still lack effective vaccines or drugs. On the other hand, experimental methods applied to pathogen research
usually consume a lot of resources and time. Thus, how to accelerate the analysis of virus-related genomic
information and the development of new drug for emerging viruses, molecular docking may play an indispensa-
ble role In this review, we summarize the theory of molecular docking technology, search algorithm, scoring
function, accuracy and its application in virus epitope prediction, and provides reference for computer simula-
tion of viral epitope prediction and vaccine or drug development

Key words: Molecular docking; Search algorithm; Scoring function; Epitope prediction; Peptide vaccine;

Viral epitope

(81571996) ; . 2002 (severe
(2017J07005) acute respiratory syndromes, SARS) 37
’ ’ 8 000 , 774 )

9. 6%, 2009 HINI1

, E-mail; yuhai@xmu edu cn


https://core.ac.uk/display/343511408?utm_source=pdf&utm_medium=banner&utm_campaign=pdf-decoration-v1

Chin J Viral Dis, July 2019, Vol 9 Na 4 e 297 -

2019 7 9 4
20 . 0. 03%,
, 2014—2016 2015—2016
, 10
150 sl
s ( . .
) o
[4] 3
(D
H ( 2 ) D)
CDR ,
3 (3) ;s (4)
(solution accessible surface,
SAS) , SAS
0. 07 nm?, bl

) H b

1
1.1
. DesJarlais [
( DOCK
).
. Leach
Kuntzt™
. FlexX™, Glide™
12
(MO)
(GA) ., MC
[10]
o MC
AutoDock il R
AutoDockVina™®, ROSETTALIGAND!
MC o
GA MC ,
o GA

1995 . rDockM*7,
PSI-DOCK!* GA .



e 298 2019 7 9 4 Chin J Viral Dis, July 2019, Vol 9 Na 4
1.3 , )
, . Fresno ( )
[19]
. 23 ,
(MD) . S
MC , MD , -
1~2 kT s , _ (20]
, PMF™" | DrugScore®
[16] _
2 ’
3
(
DN .
) b o X ’ )
21
( ) . ,
, ( . . o
) .
, , Tripos G-Score , CAPRI (Critical
AMBER AutoDock!'", Assessment of Prediction of Interactions) ,
2.2 o
Bohm"'* , , Pagadala ¥ PatchDock
35 s 31 RMSD
. 2 A,
30 , 26
, ) o , ZDOCK
47% .
, tead | INTELEF, 83
, 66 el
. , 2013 CAPRI
s , , ClusPro
. , HADDOCKY%, SwarmDock!?"



2019 7 9 4 Chin J Viral Dis, July 2019, Vol 9 Na 4 299 -
PIE-Dock % . HADDOCK . RBS .
, SwarmDock — ICM™*7 R C12G6
, SH5 ( H5) .
s [36]
. ’7377 ’
. Perola M 150 - HPV 58 HPV 59 A12A3
Glide, GOLD ICM 28F10 ,
, A12A3
Glide: 61%, GOLD. 48%, ICM. 45% HPV58 L1 DE , 28F10
( RMSD 20A ), 2016 HPV59 FG [, CD4
RMSD . D-1 HIV-1
LeDock . s HIV-
57. 4%, AutoDock , 37. 4%, 1 , 15A7 F (ab) 2
, 59. 8% (GOLD) HIV-1 Fab
45 6% (MOE-Dock)™! , (391 |
RMSD>2 0 A . (CHIKV) ,
, . B T
. 23 CHIKV
, , 17
. e . MOE
4 -B7 (human leukocyte antigens B7,
HLA-B7) .
[40] 3 Tahir [41]
N , Autodock
. HLA .
. . -MHC-HLA
, 2017 2013 , Su ¥
A6 (coxsackievirus A6, CV-A6) , R
, CV-A6 A (hemagglutinin, HA) T
1D5 Fab , CV-A6 ,
: Fab , 2009-HIN1  2004-H5N1
CV-A6 VP1 , T (TCR) .
VPl BC. EF. HI . EB (Epstein-
VP1 DE . 8 Barr virus, EBV)
D HA . MHC
, Chen [ . -MHC

C12G6 HA



+ 300 - 2019

4 Chin J Viral Dis, July 2019, Vol 9 Na 4

VLP o ,

o GalaxyDock

80% ~87 %", RossttaLigand

(sl Rosstaligand ,
S4MPLE
. AutoDock 4
[46]
[a7]
[48] ,
. Foril
Olson™""” AutoDock 4 ,
, , 12%,
. WateDock
AutoDock ;

[1]

(2]

[3]

[4]

[50]
o

Smith RD Responding to global infectious disease outbreaks: les-
sons from SARS on the role of risk perception, communication and
management [J1 Soc Sci Med, 2006, 63 (12); 3113-3123,
Dawood FS, Tuliano AD, Reed C, et al. Estimated global
mortality associated with the first 12 months of 2009 pan-
demic influenza A HIN1 virus circulation: a modelling stud-
y [J]. Lancet Infect Dis, 2012, 12 (9): 687-695.

Nandy A, Dey S. Roy P, et al. Epidemics and peptide vac-
cine response: a brief review [J]. Curr Top Med Chem,
2018, 18 (26): 2202-2208.

Brooijmans N, Kuntz ID. Molecular recognition and docking al-



2019 7 9 1

Chin J Viral Dis, July 2019, Vol 9 Na 4 e 301 -

[5]

(6]

(7]

(8]

(9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

(18]

[19]

gorithms [J]. Annu Rev Biophys Biomol Struct, 2003, 32:
335-373.

Fleury D, Daniels RS, Skehel JJ, et al. Structural evidence for
recognition of a single epitope by two distinct antibodies [J].
Proteins, 2000, 40 (4). 572-578.

DesJarlais RL, Sheridan RP, Dixon JS, ez al. Docking flexi-
ble ligands to macromolecular receptors by molecular shape
[J] J Med Chem, 1986, 29 (11): 2149-2153.

Leach AR, Kuntz ID. Conformational-analysis of flexible ligands
in macromolecular receptor-sites [ J]. J] Comput Chem, 1992, 13
(6): 730-748.

Rarey M, Kramer B, Lengauer T, et al. A fast flexible doc-
king method using an incremental construction algorithm
[J7.J Mol Biol, 1996, 261 (3): 470-489.

Friesner RA, Banks JL, Murphy RB, et al. Glide: a new
approach for rapid, accurate docking and scoring 1. method
and assessment of docking accuracy [J]. ] Med Chem, 2004,
47 (7). 1739-1749.

Stark JI., Powers R Application of NMR and molecular docking
in structure-based drug discovery [J]. Top Curr Chem. 2012,
326 1-34.

Goodsell DS, Olson AJ. Automated docking of substrates to
proteins by simulated annealing [ J]. Proteins, 1990, 8 (3):
195-202.

Trott O, Olson AJ. AutoDock Vina: improving the speed
and accuracy of docking with a new scoring function, effi-
cient optimization, and multithreading [J]. ] Comput Chem,
2010, 31 (2). 455-461.

Meiler J. Baker D. ROSETTALIGAND: protein-small mol-
ecule docking with full side-chain flexibility [J]. Proteins,
2006, 65 (3): 538-548.

Ruiz-Carmona S, Alvarez-Garcia D, Foloppe N, et al. rDock: a
fast, versatile and open source program for docking ligands to
proteins and nucleic acids [ J]. Plos Comput Biol, 2014, 10 (4):
el003571.

Pei J, Wang Q. Liu Z. et al. PSI-DOCK: towards highly
efficient and accurate flexible ligand docking [J]. Proteins,
2006, 62 (4): 934-946.

Pak YS, Wang SM. Application of a molecular dynamics simula-
tion method with a generalized effective potential to the flexible
molecular docking problems [J]. ] Phys Chem B, 2000, 104
(2): 354-359.

Morris GM, Goodsell DS, Halliday RS, et al. Automated
docking using a Lamarckian genetic algorithm and an empiri-
cal binding free energy function [J]. ] Comput Chem, 1998,
19 (14). 1639-1662.

Bohm HJ. LUDI: rule-based automatic design of new sub-
stituents for enzyme inhibitor leads [J]. ] Comput Aided Mol
Des, 1992, 6 (6): 593-606.

Rognan D, Lauemoller SL, Holm A, et al. Predicting bind-
ing affinities of protein ligands {rom three-dimensional mod-
els: application to peptide binding to class I major histocom-

patibility proteins [J]. ] Med Chem., 1999, 42 (22): 4650-

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

[28]

[29]

[30]

[31]

[32]

[33]

[34]

[35]

[36]

4658.

Zhang C, Liu S, Zhou Y. Accurate and efficient loop selec-
tions by the DFIRE-based all-atom statistical potential [ J].
Protein Sci, 2004, 13 (2). 391-399.

Liu Y, Xu Z, Yang Z. etal. A knowledge-based halogen
bonding scoring function for predicting protein-ligand inter—
actions [ J]. ] Mol Model, 2013, 19 (11): 5015-5030.
Gohlke H, Hendlich M, Klebe G. Knowledge-based scoring
function to predict protein-ligand interactions [J]. J Mol
Biol. 2000, 295 (2):. 337-356.

Pagadala NS, Syed K, Tuszynski J. Software for molecular
docking: a review [J]. Biophys Rev, 2017, 9 (2). 91-102.
Wiehe K, Pierce B, Mintseris J, et al. ZDOCK and RDOCK
performance in CAPRI rounds 3, 4., and 5 [J]. Proteins,
2005, 60 (2). 207-213.

Li N, Sun Z, Jiang F. SOFTDOCK application to protein-
protein interaction benchmark and CAPRI [J]. Proteins,
2007, 69 (4. 801-808.

de Vries SJ, van Dijk M, Bonvin AM. The HADDOCK web
server for data-driven biomolecular docking [ J]. Nat Protoc,
2010, 5 (5): 883-897.

Torchala M, Moal IH, Chaleil RA, et al. SwarmDock: a
server for flexible protein-protein docking [J]. Bioinformat-
ics, 2013, 29 (6): 807-809.

Ravikant DV, Elber R PIE-efficient filters and coarse grained
potentials for unbound protein-protein docking [J]. Proteins,
2010, 78 (2): 400-419.

Lensink MF, Wodak S]. Docking, scoring, and affinity pre-
diction in CAPRI [J]. Proteins, 2013, 81 (12): 2082-
2095.

Perola E, Walters WP, Charifson PS. A detailed comparison
of current docking and scoring methods on systems of phar-
maceutical relevance [ ]J]. Proteins, 2004, 56 (2). 235-249.
Wang Z, Sun H, Yao X, et al. Comprehensive evaluation of
ten docking programs on a diverse set of protein-ligand com-
plexes: the prediction accuracy of sampling power and sco-
ring power [J]. Phys Chem Chem Phys, 2016, 18 (18):
12964-12975.

Moal TH, Chaleil RA, Bates PA. Flexible protein-protein
docking with SwarmDock [J]. Methods Mol Biol, 2018,
1764, 413-428.

Yang L., Mao Q. Li S, et al. A neonatal mouse model for
the evaluation of antibodies and vaccines against coxsack-
ievirus A6 [J]. Antiviral Res, 2016, 134; 50-57.

Xu L, Zheng Q. Li S, et al. Atomic structures of coxsack-
ievirus A6 and its complex with a neutralizing antibody [ J].
Nat Commun, 2017, 8 (1). 505.

Shen C, Chen J, Li R, et al. A multimechanistic antibody
targeting the receptor binding site potently cross-protects a-
gainst influenza B viruses [J]. Sci Transl Med, 2017, 9
(412): piieaam5752.

Yan YQ. Li SM, Yang CY, etal. Prediction of broad-

spectrum neutralization epitopes of H5 subtype avian influ-



302 - 2019

7 9 4 Chin J Viral Dis, July 2019, Vol 9 Na 4

[37]

[38]

[39]

[40]

[41]

[42]

enza virus by molecular docking [J]. Kexue Tongbao,
2008, 53 (2): 210-219. (in Chinese)
s . . . H5
[J]. , 2008, 53 (2).

210-219.
Deng YC, Liu Q, Huang Q. Molecular docking of human-
like receptor to hemagglutinins of avian influenza A virus
[J]. Wuli Huaxue Xuebao, 2017, 33 (3): 633-641. (in
Chinese)

. . . HA

Ll » 2017, 33 (3): 633-641.
Li Z, Wang D, Gu Y, et al. Crystal structures of two im-
mune complexes identify determinants for viral infectivity
and type-specific neutralization of human papillomavirus
[J]. MBio, 2017, 8 (5): piie00787-17.
Hou W, Fang C, LiuJ, et al. Molecular insights into the in-
hibition of HIV-1 infection using a CD4 domain-1-specific
monoclonal antibody [J]. Antiviral Res, 2015, 122; 101-
111.
Muhammad TU, Bari A, Adeel MM, et al. Peptide vaccine
against chikungunya virus: immuno-informatics combined
with molecular docking approach [J]. ] Transl Med., 2018,
16 (1). 298.
Tahir RA, Wu H, Rizwan MA. et al. Immunoinformatics
and molecular docking studies reveal potential epitope-based
peptide vaccine against DENV-NS3 protein [J]. J Theor
Biol, 2018, 459: 162-170.
Su CT, Schonbach C, Kwoh CK. Molecular docking analysis
of 2009-HINI1 and 2004-H5N1 influenza virus HLA-B*
4405-restricted HA epitope candidates; implications for

TCR cross-recognition and vaccine development [J]. BMC

1111111111111 11 1@ - -

¢
'

[

¢

'

[

. « ”

B ° b b

’ ““ ”
, . o

; 200~300 7, ¢

, 3 “ 10
; ”»

[

' . , “ 08. 10. 15”

!

'

11141411411 14111 1@ 1111 14111411 1411 -

Bioinformatics, 2013, 14 Suppl 2. S21.

[43] Ali A, Khan A, Kaushik AC, et al. Immunoinformatic and
systems biology approaches to predict and validate peptide
vaccines against Epstein-Barr virus (EBV) [J]. Sci Rep,
2019, 9 (1). 720.

[44]  Shin WH, Kim JK, Kim DS, et al. GalaxyDock2: protein-
ligand docking using beta-complex and global optimization
[J]. J Comput Chem, 2013, 34 (30); 2647-2656.

[45] Lemmon G, Meiler J. Rosetta ligand docking with flexible
XML protocols [J]. Methods Mol Biol, 2012, 819; 143-
155.

[46] Morris GM, Green LG, Radic Z, et al. Automated docking
with protein flexibility in the design of femtomolar " click
chemistry' inhibitors of acetylcholinesterase [J]. J] Chem Inf
Model, 2013, 53 (4): 898-906.

[47] Gumede NJ, Singh P, Sabela MI, et al. Experimental-like
affinity constants and enantioselectivity estimates from flexi-
ble docking [J]. J Chem Inf Model, 2012, 52 (10): 2754~
2759.

[48] Mamonov AB, Lettieri S, Ding Y. ez al. Tunable, mixed-
resolution modeling using library-based monte carlo and
graphics processing units [J]. ] Chem Theory Comput,
2012, 8 (8): 2921-2929.

[49] Forli S, Olson AJ. A force field with discrete displaceable
waters and desolvation entropy for hydrated ligand docking
[J1 J Med Chem, 2012, 55 (2). 623-638.

[50]  Kitchen DB, Decornez H, Furr JR, et al. Docking and sco-
ring in virtual screening for drug discovery: methods and
applications [ J]. Nat Rev Drug Discov, 2004, 3 (11): 935-
949.

:2019-03-12 :2019-05-08

1141111111111 111111111 1@

[}

‘

+

¢

’

+

, ~ 10ml . 100 s 4
“ ” “ §

’ '

35~38C”, * 10~20 L”, '
3 5 ” “ 10 h3 min5 s :
“ 10: 03: 05 '
. “ 8 h 10 min 15 s”, :

:

¢

1101111411111 11111111 1111111 141 1@ -



