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Applications of molecular dynamics simulation techniques in protein science
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Abstract

Molecular dynamics (MD) simulation techniques have increasingly been applied as an essential tool
in the field of protein science over the past decades. They are now routinely used to investigate the structure,
dynamics, and thermodynamics of proteins to understand and predict important biochemical processes such
as protein folding, enzyme catalysis, protein stability in solution, conformational changes associated with
protein function, and molecular recognition of proteins such as protein-peptide, protein-drug, protein-inhibitor,
etc. This review has highlighted some recent applications of MD simulations in studying such protein

activities, providing the significance and applications of MD techniques currently used in protein science.
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Proteins act alone
or in complexes to

functions
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Genes contain
instructions
for making
proteins

From Genes to Proteins
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ANBIOUATATEITE I A UN UG BRI 62
AunuALla 9 (protein-ligand interaction) i §ILINN
AsYinnAe miﬁﬁs’aaiagaLﬁaaﬁumadiﬂioaﬁ’ﬁa
Tus@wmanslugiudayalsdiu (Protein databank)

& v ‘;, v = 6

[1] S wdayatananinaiilnaaldniivled
http://www.rcsb.org lag'lifianl431e waztissate
arhinvludayalassaiislusduninaneiaz
i lg@nsaIng?

dromah nseanuuulassainslysduds
=y ! @ AaA =4 ~ U 1 I3 et
findu laordpisnsifisuiAsidoyaszninsdeay
nynezdlunazlasizins Sundn laluladluiaads

. A a 0 o °

(homology modeling) 33EtNYIVBINUNITNIWNE
lasssalds@wthnany (protein target) 9:1nTaya

o o a

faunsaazdilu (amino acid sequence) WA
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lassa39lUs@udunuy (protein template) 74
anulnaidusnunulysauiinuny wazinazioy
= v 1 d v
Tl saudunuuninnitniilassasrslunis
Aa A A o 2
aanuuulutaalasdslalulad iladasn1sdnsn
@ a 2 o ac A @ A
NAIIWIRIZVBINTEAIL [12] ITmsiiinazfow
i ldlgUsslomiiNeniseanuuue lunsdiiens
waandninsdann ﬁ%amnﬁﬂiiﬂqﬁﬁ’t%ﬂﬁﬁh
lainsaunulassassvesldsauitvunouinan
= o~ o oA an ' wn & A
Bilulagtunuiiilsngu@lnduazlsnguaduia
o & o . ' v o
FUWIUNINTU A20819 7% L lnIaun H5N1 L3a
niidunuunniasluaunia HIV uazlin SARS
dad19wIduAuaasfinidizyndly
wmaianiseanuwuulasigisllsdualonauniiaas
iiavhwsguaut@nisaad luanasadldsdu
m3yeanuuualtuaalding (peptide inhibitor) a1n
dunislds3i3uu (proregion) vadiawlaainIUdu
dlsvesnuanlodn dwsulnduensiuuas [16]
lasnmfinmnlddszendliisnsviilaluladlueais
(homology modeling) @4 1WA 9 Lazdd lavinune
AMuENIInumMstasuvasartugalyndlay
miﬁhaadm‘sﬁﬂﬁbmaﬂmaqa (molecular docking)
ANANNMIBBNLLLING 7 LU Ad AAAPGHR AAAPGRR
AAAPGKR AAPGHRI APGHRIV PGHRIVG
AAAAPGH uaz AAAAAPG laswudn ddlng
AAAPGRR Lﬂ%@”’sﬂ”ﬂﬂ'&ﬁﬁﬁqﬂ o9 nlwan
Wﬁdd’]%ﬂ’]iﬁﬂfﬂmﬁﬂq@ (docking/binding energy)
A @ ' o a ) &
wananigInuinlassaivsadesvvasdding
dannutanloinsugulwainuseaadasnuny
1a598319209M I UEINTUTUNA ldannnImaaed (X-

ray structure) aaugaslunInd 10
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a P.xylostella
F.oxysporum

R.rattus
s.salar

T

x|

P.xylostella 61 GATNENSGGTLVILRATENGEETCVRARNDAGTCE DA GETAPGA TR PAPTNACHo

Plokyeporum 56 OSSWTloo1rasLssvRVEHaY: « slonnnELalr Lxs s)‘x*:soeu STARNEC

R.rattus 55 I NAAKIIK. 1iM|L 1| s sip| NARVA pls. .BIC
[ IMIL S KPAT . .

5.salar 55 IKVTEGSEQFISSSRVIR.MEINYSSYMIDN.
Iy

B8 B « 10
— 00000000 —

S A ViV RENG PRSPV . BLOFTTFIVN TAEEA R . RS VDI
;Isn c ﬂgcus TP vALK] vx\'js% RaloffoTs Aziviol
qc sG Ve P D Lo ClUDAPIL Lip e »oxizgion]
Mt MiS'S . TAD S NKI3Q CLINZ/P(I LIS YiSDISN NS . PGMIRNAL

3 o
——s 0000000

Bl
RoRy ¥ PETsTRESEYEDWIVSNA. . .
RN Y siEviviAs SFIDTYAGAR
LB npfEviviTx IDWIIQDT X AAN
G N PEVYAKNCTFNDWLTSTHASY

P.xylostella 121

S.salar m

P.xylostella

Asn/Asp90

and 9 uaeaislaluladlueads lasmsvinue
lassgdaldsauanmafisuifsdanuaaonag
vasfaunsaaziily (a) lidulassaieauiidues
awlamin3uUgu (b) [18]

Y151 an
(183) 0220(207)

S190(A182)
D189
(181)

:: ¥ a S v 6
A 10 ueaslasaassuTmbaduvasewlsd
whwane nuardugadding AAAPGRR il

2 o ad o Ao = S
n3fadudfnge uazdswudnddunidadu
Indidssnuardudiunasfifiagusrlugiudoya
1156w [15]
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éﬁamdmu’iﬁ'ﬂumjmaﬂiﬂqﬁ'ﬁslmi
lewn nsfnelasigesuiGvadiaw i
fd.ua (neuraminidase) laglfiadaanfiaines uas
MW UA IR ATV BILG I BLIA MRIaun
(H5N1) 2 @72 fa oseltamivir W& zanamivir AINTW
11 [3] Whasanlusuiiialsnszinadliiidoya
lassaisvasoulofiwunsd wdinsudaya
&1aunInazi Invaade l0wIinun H5N1 nsdnIT
Fa5unmaIsanuuulasissenliiininias
wa A a ﬂq; o v o 1
laslaslalulad annuuriiuialassasodiums
a3 UVBINUNNIFBINIDITN1TIN1eIRaNNI
NAINNITANHILEAI IALRUIIGILT zanamivir WAz
oseltamivir AANUENITDIUNNTEAIUAULEW bers)
Ardawms N1 laaass ilafisunutenloian
Lﬁmﬁu‘lumﬂﬁuﬁ: N2 ez N9 RaAAaadINy
& . & s
89UNITAe N A8 INIFad [13] wonani
NWIFUREIFINITOVAN LA718287 zanamivir 1122
g3lnaAnINa287 oseltamivir Lia991NYITBRAN
v { a Qo & 1 %
N1ILATIFTIINUSIIMEAIY TINUI1a281
Y A '
oseltamivir §wsjdananlod (-OR) Gefianubentugs
=S o v A s aa s A %
i lmiAaauasnsenuLaw ol lua asuaadl

WA 11

(@)

NN 11 LEAIAILRI D ATUBRZAUATAILNTZAING
wlmdindfeanuendwliniawn (a) zanamivir

Lae (b) oseltamivir [23]

wannlsduazland@lunmediluana
aa I3 ' \ v o & A o o A o
NdIwIaLEN 8619 T AITUHINIBAI8 @97 L6
nanluuds Wsdudsnaninedlaananfuwnalng

i 1UsAwlaisuny alegnasn Msrinwelasagsne
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VSN UEATULATAUATATHITERINILOUALBAN L
LLAUALIU (antigen-antibody interaction) [21] I@]LIL%IN
nmaviwmslasaialdsduasuanived Gofia
nnmIaelgnadiddlng 2 1§ fe heavy chain
(VH) uaz light chain (VL) Gasunusiowus:le
Talne (disulfide) Tap3alaluladluinads asuans
Twnawd 12 ansiurinnssnaasmstiasusning
woudvadiuueuiion lumsdneitlauduisvue
9 wuy 1dun p17.1-p17.9 ssugasluanei 1 9
ponuuutminlunauiined talduwuundumni
C-terminal epitope (DTGHSSQVSQNY) NGNS
U p17 Yo9Lde HIV-1 G918ai1dnnus e
NGBl RALEA Nan1TTIRedElRAINAIINY
299N1THATVILRINILOUAVDANLUOUALIY WAL
duntinsaesiluvasuaniuadniinsuasisen
UL hydrophobic &g hydrophilic ﬁagammﬁ esin
luneasauluiasdfiienms

TaunuINTaNNREAARBINHITITENING
HaMINARBINIFEd uaztiioinlasiaiausnmie
AVVBILAUALIWNLUEUALVBANIIATIEH AN I9Y
faszv090wAIAS1209N1THA9Y inlhknsu
grunsidrayunuTiamialusesuondvad
a9 di 13 TasRaNIINaNIIIAVEINTIWNE 9%
lunsaazdlundazdd amedidodildianauuzin
Tﬁlﬂ’]iﬁﬁ’mﬁ‘mﬁ’ﬂﬂﬂizﬂqﬂ@ﬂ“ﬁlﬁiaﬁﬁu’]Uﬁ’]LLWLLG
naazfiluiifianuddndenisdasuszning
woudiaunazuandvenluszuudug talasla
fﬁwLﬂuéfaaj’lmaai’wu'%nmﬁm?’umﬁau SNy
au1Indiudysaauainisalunisiaduaas
wendvedlwaduld lageandunisUsuulaounsa
oxfilulunandaiaed Gesunsarilédireniinis
nasosluiaslfuanig
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(a)

(b) VH sequence

CDR H1
QIQLVQSGPELKKPGETVE ISCKASGYT FTDYGMNWMKQA PGKSLKWMGW 50

CDR H2
INTYTGEPTYADEFKGRFAFSLETSASTAYLQINNLKSEDMATYFCSRSM 100
CDR H3
KGSYWGQGTLVTVSA 115
VL sequence

CDR L1
DVVMTQTPLTLSVTIGQPASISCKSSQSLLGSDGKTFLNWLLORPGQSPK 50
CDR L2 CDR L3
RLIYLVSKLDSGVPDRFTGSGSGTDFTLKISRVEAEDLGVYYCWQGTXLP 100
QTFGGGTKLEIK 112

ANd 12 usaslassaanendvedainmsriue
de551aluladluiands (a) Gefdeunsaasilu
2N heavy chain (VH) LLae light chain (VL) AILEAILY
(b) [21]

@319 1 ATNAIINUVBINTTHAIL (PMF score)
TRINILBUA LA N UL UALI LAz AL INTAR A 11
YaILaWALAANIAAOWATAIVILUL hydrophobic

Wae hydrophilic [21]

Peptide names Peptide sequences PMF score
(kcal/mol)
p17.1 121DTGHSSQVSQNY'32 -902.11
p172 12IDTGHSNQVSQNY'32 -899.18
pl173 121DTGHSSQISQNY!32 —882.65
pl7.4 121DTGHNSQVSQNY?32 —898.71
pl75 121 ETGHSSQ_\"’SQNY132 —-843.51
p17.6 121DTGNSSQVSQNY'32 —846.12
pl17.7 2IDTGHSSQASQNY!32 —829.94
pl7.8 121 DTGHSKQVSQNY'32 -926.79

p17.9 121 DTGNNSQVSQNY!32 —841.02
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Cl
H]
Hi
(1}
H2)
H2)
(H2)

ASP3L
TYRR
oLy
ASN3S
TRPSO
ASNS2
THRSY
SER99 (H3)

03 (H3)
61 (L1
63 L1
165 (L1]
67 (L1
85 (L2)
(=)
190 (L2)

62 (L1]

MET100(H3)

R
Y
R
P
St
N
R
Ui
Vs
Pl
R

PHE

X E 3 @ ¥ = E S o~ B o» @ @

L
S|
Gl
s
A
L
A
T
L
L
A
s

Relative decompose energy (Keal/mol)

-6 Residue index
Opl7.l @pIT3 BRITT BpITS

AN 13 usasduris AU MIaIuTes

wawAuad [21]

asduan1sdnm

[

ﬂaﬁ;ﬁumiﬁﬂwﬁﬁumaﬁm%mma@]i’
lds@ulaiamsinldunn asdsdayalasiaing

A A4 a X & o o = v o &
209lUIAUNANTN 399 IAPIIAN 1A NITNAUT
seri19lassaTsuasrinfveslysauidulyle
agnsbsnatvanulaluninnveslusdunagng
waSenuindudasondam AN FNUANAIAVDI

= £ Q A thald' 1 =
lsdwlunion g nu Gadusutianenndanisdanmn
@18AN1INARI lumm:ﬁmsﬂizqﬂ@ﬂﬁmﬂﬁﬂ
msa"waaowai’mﬁﬂuLaqammmﬁnmﬂiwa%mm
mtjl a £ 1 a g Qs 1

sNUAR09lUsAwladnat1960 asala81IuNaAINY
a dl U 1 v v v 1 v = Qs
Fapnlenan Hlutredn laun msdunuaves
lUsdu massdisorefvesianled tsfiosnw
299lUsAnluanIazany nsiUasunlaslassasnen
SUWHTNURII N9 360 LLa:msm'«ﬁﬂmaqa
20911360% @“’uﬁfumﬂﬁﬂmﬁmaawaf@L%dIuLaqa
=< A Aa & ' Ao
Fudunadanddszlordodninindainuiag
NI RAINBIAFASIUTAY wananhaIdny
A1ANITINWINTAAINNEINITDVDINA L wlaE
aauRaafidulaadnesiaiia aruglununis
waninafianisiiassnaiadaluana luauwaa
IanaiumMIRaasasszuundawmalng luszau

I A Ada & %
L‘ﬁaa%adadNT?@ﬂLﬂuvL@]

26 (L3)

GLY;

Naresuan Phayao Journal Vol. 7 No. 1 Jan - Apr 2014

naanssnlsena@

uwmw%mmsf’?l.ﬁ%’umiaﬁumql,umﬂ
NUYANYPUMTITLYBINWINENRENELEN (afidtyan
R020056216016) WazBVBUWIA MR NTIA D@D
AU INTUNITAIIIROUAMATUVILNA2NY

FansSasidue £1959
v s
LBNAIIDIDY

1. Berman, H.M., Westbrook, J., Feng, Z.,
G., Bhat, T.N,, H.,
Shindyalov, I.N. and Bourne, P.E. (2000). The

Gilliland, Weissig,
Protein Data Bank. Nucleic Acids Res. 28:
235-242.

2. Bluhm, MM., Bodo, G., Dintzis,
Kendrew, J.C. (1958). The crystal structure of

H.M. and

myoglobin. V. a fourier projection of sperm-

by the
isomorphous Proc. R. Soc.
Lond. A, Math. Phys. Sci. 246: 369-389.

3. Daidone, I. and Amadei, A. (2012). Essential

whale  myoglobin method  of

replacement.

dynamics: foundation and applications. Wiley
Interdiscip. Rev. Comput. Mol. Sci. 2: 762-770.

4. Dodson, G.G., Lane, D.P. and Verma, C.S.
(2008). Molecular simulations of protein
dynamics: new windows on mechanisms in
biology. EMBO Rep. 9: 144-150.

5. Fisette, O., Lague, P., Gagne, S. and Morin,
S. (2012). Synergistic applications of MD and
NMR for the study of biological systems. J.
Biomed. Biotechnol. 2012: 254208.

6. Freddolino, P.L., Harrison, C.B., Liu, Y. and
Schulten, K. (2010). Challenges in protein
folding simulations: Timescale, representation,
and analysis. Nat. Phys. 6: 751-758.

7. Freddolino, P.L., Liu, F., Gruebele, M. and
Schulten, K. (2008). Ten-microsecond

molecular dynamics simulation of a fast-

folding WW domain. Biophys. J. 94: L75-77.



MIFITUTAITWEN 91 7 aUUT 1 0.0 - 13.8. 2557

8.

10.

11.

12.

13.

14.

15.

16.

Freddolino, P.L. and Schulten, K. (2009).

Common structural transitions in explicit-
solvent simulations of villin headpiece folding.
Biophys. J. 97: 2338-2347.

Genheden, S. (2012). Are Homology Models
Sufficiently Good for Free-Energy Simulations?
J. Chem. Inf. Model. 52: 3013-3021.

Gobl, C. and Tjandra, N. (2012). Application of
Solution NMR Spectroscopy to Study Protein
Dynamics. Entropy 14: 581-598.

(2009).

Hammarstrom, P. Protein folding,

misfolding and disease. FEBS Lett. 583:
2579-2580.

Henzler-Wildman, K. and Kern, D. (2007).
Dynamic personalities of proteins. Nature
450: 964-972.http://lgenomics.energy.gov.
Hurt, A.C., Lowther, S., Middleton, D. and
Barr, 1.G. (2010). Assessing the development
of oseltamivir and zanamivir resistance in
A(H5N1)

model. Antiviral Res. 87: 361-366.

influenza viruses using a ferret

Jitonnom, J., Lee, V.S., Nimmanpipug, P.,
Rowlands, H.A. and Mulholland, A.J. (2011).
Quantum mechanics/molecular mechanics
modeling of substrate-assisted catalysis in
family 18 chitinases: Conformational changes
and the role of Asp142 in catalysis in ChiB.
Biochemistry 50: 4697-4711.

Jitonnom, J., Lomthaisong, K. and Lee, V.S.
(2012). Computational design of peptide
inhibitor based on modifications of proregion
from Plutella xylostella midgut trypsin. Chem.
Biol. Drug Des. 79 : 583-593.
Jitonnom, J. and Mulholland, A. (2012).

Insights into conformational changes of

procarboxypeptidase A and B  from
simulations: a plausible explanation for
different intrinsic activity. Theor. Chem. Acc.

131: 1-13.

15

17. Jitonnom, J., Mulholland, A.J., Nimmanpipug,

18.

19.

20.

21.

22.

23.

24.

P. and Lee, V.S. (2011). Hybrid QM/MM
study on the deglycosylation step of chitin
hydrolysis catalysed by chitinase B from
Serratia marcescens. J. Sci.

Technol. 5: 47-57.

Maejo Int.

Jitonnom, J. and Sontag, C. (2012).
Comparative study on activation mechanism of
carboxypeptidase A1, A2 and B: First insights
from steered molecular dynamics simulations. J.
Mol. Graph. Model. 38C: 298-303.

Karplus, M. and McCammon, J.A. (2002).
Molecular simulations of
biomolecules. Nat. Struct. Biol. 9: 646-652.

Kleckner, I.R. and Foster, M.P. (2011). An

dynamics

introduction to NMR-based approaches for
measuring Biochim.

Biophys. Acta. 1814: 942-968.

protein  dynamics.
Lee, V.S., Tue-ngeun, P., Nangola, S.,
Kitidee, K., Jitonnom, J., Nimmanpipug, P.,
Jiranusornkul, S. and Tayapiwatana, C.
(2010). Pairwise decomposition of residue
interaction energies of single chain Fv with
HIV-1 p17 epitope variants. Mol. Immunol. 47:
982-990.

Levitt, M. and Warshel, A. (1975). Computer
simulation of protein folding. Nature 253: 694-
698.

Nimmanpipug, P., Jitonnom, J., Ngaojampa,
C., Hannongbua, S. and Lee, V.S. (2007). A
computational H5N1 neuraminidase model
and its binding to commercial drugs. Mol.
Simul. 33: 487-493.

Osawa, M., Takeuchi, K., Ueda, T., Nishida,
N. and Shimada, 1. (2012). Functional
dynamics of proteins revealed by solution

NMR. Curr. Opin. Struct. Biol. 22: 660-669.



16

25.

26.

27.

Scheraga, H.A., Khalili, M. and Liwo, A.
(2007). Protein-folding dynamics: overview of
molecular simulation techniques. Annu. Rev.
Phys. Chem. 58: 57-83.

Senn, H.M. and Thiel, W. (2009). QM/MM
methods for biomolecular systems. Angew.
Chem. Int. Ed. Engl. 48: 1198-1229.

Trbovic, N., Kim, B., R.A. and
Palmer, A.G., 3rd (2008). Structural analysis

Friesner,

of protein dynamics by MD simulations and

NMR spin-relaxation. Proteins 71: 684-694.

Naresuan Phayao Journal Vol. 7 No. 1 Jan - Apr 2014

28.

Warshel, A. and Levitt, M. (1976). Theoretical

studies of enzymic reactions: dielectric,
electrostatic and steric stabilization of the
carbonium ion in the reaction of lysozyme. J.

Mol. Biol. 103: 227-249.

29. Zwier, M.C. and Chong, L.T. (2010). Reaching

biological timescales with all-atom molecular
dynamics simulations. Curr. Opin. Pharmacol.

10: 745-752.



