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ABSTRACT

Introduction: Tertiary (3D) structure determination using X-ray diffraction crystallography is a
time consuming method, needs special facilities and expert operators. 3D structure determination by
bioinformatics software is worth in experimental research, especially for drug discovery purposes
and evolutionary relationships. Using computational biology software and databases, we have
determined probable 3D structure of human voltage-gated sodium ion channels (VGSCs) and
their developmental associations. Materials and Methods: Amino acid sequences of VGSCs
were obtained from Uniprot and used to predict their 3D structure using SWISS-MODEL server
and by its definitive algorithm for protein basic local alignment search tool (BLAST)-(followed
by visualization using Molegro Virtual Viewer software). Phylogenic tree was plotted using Mega
5 application for VGSCs sequences. VGSCs interactions were determined by String-db server.
Results: According to the Neuron data-base, there are 9 types of human VGSCs named SCN1A-
5A and SCN8A-11A. SWISS-MODEL software was just only able to predict some domains of
VGSCs with high identity percentages. The identity percentages were variable for each VGSC and
varied from 16.57% (SCN4A) to 100% (SCN2A, SCN5A). Blast results and drawing phylogenetic
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trees practice showed that animals, such as chimpanzee, gibbon, and gorilla have the most similar

decisive for prediction of protein 3D structure. Thus, we propose that researchers use mentioned
animals for experiments of VGSCs, characterized structures for bioinformatics and drug designing 4. Phylogeny

surveys. In this case, the results of animal trials could be generalized to human more precisely.
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trG3QUB0|G3QUBO_GORGO Uncharacterized protein OSGorilla gorilla gorilla GN101151266 PE3 SV1
trG7NYJ9|G7NYJ9_MACFA Putative uncharacterized protein OSMacaca fascicularis GNEGM_10783 PE3 SV1
sp|Q9Y5Y9ISCNAA_HUMAN Sodium channel protein type 10 subunit alpha OSHomo sapiens GNSCN10A PE1 SV2
tr|H2R1N2|H2R1N2_PANTR Uncharacterized protein OSPan troglodytes GNSCN10A PE3 SV1
tr{G1SFBO|G1SFBO_RABIT Uncharacterized protein OSOryctolagus cuniculus GNSCN11A PE3 SV2
sp|QOUI33|SCNBA_HUMAN Sodium channel protein type 11 subunit alpha OSHomo sapiens GNSCN11A PE1 SV2
tr|G3QUM3|G3QUM3_GORGO Uncharacterized protein OSGorilla gorilla gorilla GN101151884 PE3 SV1
tr[H2QMB6|H2QMB6_PANTR Uncharacterized protein OSPan troglodytes GNSCN11A PE4 SV1
sp|088457|SCNBA_RAT Sodium channel protein type 11 subunit alpha OSRattus norvegicus GNScn11a PE1 SV1
sp|Q99250|SCN2A_HUMAN Sodium channel protein type 2 subunit alpha OSHomo sapiens GNSCN2A PE1 SV3
tr|H2R6F6|H2R6F6_PANTR Uncharacterized protein OSPan troglodytes GNSCN2A PE3 SV1
tr|G3SJ57|G3SJ57_GORGO Uncharacterized protein OSGorilla gorilla gorilla GN101147064 PE3 SV1
sp|P04775|SCN2A_RAT Sodium channel protein type 2 subunit alpha OSRattus norvegicus GNScn2a PE1 SV1
trB1AWNG|B1AWN6E_MOUSE Protein Scn2al OSMus musculus GNScn2a1 PE3 SV1
tr|G1U7U1|G1U7U1_RABIT Uncharacterized protein OSOryctolagus cuniculus GNSCN2A PE3 SV1
tr[G3RBO5|G3RB05_GORGO Uncharacterized protein OSGorilla gorilla gorilla GN101149930 PE3 SV1
sp|Q14524|SCN5A_HUMAN Sodium channel protein type 5 subunit alpha OSHomo sapiens GNSCN5A PE1 SV2
trH2QMB5|H2QMB5_PANTR Uncharacterized protein OSPan troglodytes GNSCN5A PE3 SV1
tr[G7NYKO|G7NYKO_MACFA Putative uncharacterized protein OSMacaca fascicularis GNEGM_10784 PE3 SV1
tr[ABN7T7|ABN7T7_RAT Voltage-gated sodium channel type V alpha subunit OSRattus norvegicus PE2 SV1
tr|K3W4N7|K3W4N7_MOUSE Sodium channel protein type 5 subunit alpha OSMus musculus GNScn5a PE3 SV1
sp|P15390|SCN4A_RAT Sodium channel protein type 4 subunit alpha OSRattus norvegicus GNScnda PE2 SV1
sp|Q9ERGO[SCN4A_MOUSE Sodium channel protein type 4 subunit alpha OSMus musculus GNScn4a PE2 SV1
trG1SLLO|G1SLLO_RABIT Uncharacterized protein OSOryctolagus cuniculus GNSCN4A PE3 SV1
tr[H2QDN9JH2QDN9_PANTR Uncharacterized protein OSPan troglodytes GNSCN4A PE3 SV1
sp|P35499|SCN4A_HUMAN Sodium channel protein type 4 subunit alpha OSHomo sapiens GNSCN4A PE1 SV4
trG3RIY5|G3RIY5_GORGO Uncharacterized protein OSGorilla gorilla gorilla GN101129656 PE3 SV1

Oe95 2 Sl izl (JIgi j5late cnl (sln Dloszrge b b Sl g5 515 4 aansly oz JUIS Sloais g O (S SslhagS (e (Sl Sedioked 159,00 s 5 =V i guad
Sl jlial o i a5 Slogzge Loty (souml siael (S5 uras iloas o0ls (Lii ) Jgaz 50 o] s 45 0l BLAST Slsgge b b Uniprot Sledlol ol jo ailflaz jsb 4

Lls )l elSs Lo 5l bl 1 ansly oS a5 o500 gy 99 o 4510 b alold ax ja 0038 5 )18 colatul 5,50 Mega 5 13810 5 )0 | S',000 o i (sl asils Ll L 1, s

Al K0S b (5 505



W| 2d yay )Léﬁ 93 a)Lo.i; 9 090

E SCN7A GSCNIOA

SCN9A QSCNSA @SCN4A

SCN3A

) _—
e <

o

SBLE T oml SBLE YL Sl S g 2 ChlE e w
O=iin sy O=iis
-, >

oSl o 25750 oMl ol st sl Jobo o Loy T Cile 5 5y & il s slo U glal i 1 panss ¥ yyguad
P o lake Baimoylis ) (sloged Al 5 el S sl U s 50 Shas bL3 | 3924 saimsylis o balas String-db  sledol
e Sl sladsh 59y (s n

- Coexpression =

association score 0.0 S 1.0

«oo from Coexpression in ..o fron Coexpression in
Homo sapiens: other species (transferred):
, , from M. musculus
SCNGH SCNGH from D, melanogaster
SIN2A SCNZA © from B. taurus
SIS B SCNL1A from C. elegans
SR © SO © from R. norvegicus
SChgh = SChgH B from G, gallus
RN g SMAD o0
SO B SCNGH B vl
SCNLoR 2 SCNL0A 2
SChdp _ SChdA
I€¢¢¢¢¢€: d:(l:d:{:{:v:d:(:
MNADOANC T ONHDOANO T
ZZ2VZZZZZ 2ZVZZZZ2 A
QOZODOQZ0Q [ANA N AANANANER Hi
e . WOV OOO WOOVLHLHWVLOW
& e 7] W 1] 7]

ST oSl 53 bagsg Sl 6T ol S0 Slogzga (S0 g Sl 95 515 24 el sori GBI Sl b5 =F e
;9 SCNIA L SCNSA o pizxesd 5 SCNSA 5 SCNIA L SCN2A (s 5 o Caoms l0g0d) Ll ;5 SCN3AL SCN2A (s o5 String-db
() Soo l5503) 8,10 3925 Slued Cal) G Hloged Abl> )0 0al ooy las Slsgzge




vy jLQ;' 90 O)Lo.:.l 90 0y90

= 2

RS iy

-

el olme oge (S9y aiey (nl yo Olallae yiios o9yl

String-db  SleMbl ol 51 ol Caws 4 gl Lolwlp
B,15 052y sovdus sl JUIS glgil o Jlas! S Meles ISl
s e (slapley JUS )5 o2 ol S 9550 o)
ol sl cwl (San casiws s JUS glyil &y il
ladshe 0950 Lol elsil g5e8 1 il (Glaee) plojen
PRSP ‘soa..»u sl JUS glgl o5 ole Jlade s 13 .56
olo Olie b cos L JU ol Caeal g j2ds 1) 5 Col

S o )3 o JUS o5

OBl @yge yo wedddle ol Kiagh S9doe Sleiin
Pl Gl b i (S5 isling> a5 Slogrse
S oolaiul (Animal Trial) Jle>  olojl )5 Sledllas
Seslawl 0g, co HUaml S cl gl Jlaws SIS pl iz »
255 el 5 a8 (s isliags SKiisoled b 5 45 Sl

sl asls Js a1y ludl 4 peess B, gl wilgs oo

1. Arner S, Meyerson B. Lack of analgesic effect of
opioids on neuropathic and idiopathic forms of pain.
Pain. 1988; 33(1): 11-23.

2. Bennett GJ, Xie Y-K. A peripheral mononeuropathy
in rat that produces disorders of pain sensation like those
seen in man. Pain. 1988; 33(1): 87-107.

3. Seltzer Ze, Dubner R, Shir Y. A novel behavioral
model of neuropathic pain disorders produced in rats by
partial sciatic nerve injury. Pain. 1990; 43(2): 205-18.

4.Dickenson AH, Matthews EA, Suzuki R. Neurobiology
of neuropathic pain: mode of action of anticonvulsants.
Eur J Pain. 2002; 6(SA): 51-60.

5.QuY, Curtis R, Lawson D, Gilbride K, Ge P, DiStefano
P, et al. Differential modulation of sodium channel
gating and persistent sodium currents by the 1, f2, and
B3 subunits. Mol Cell Neurosci. 2001; 18(5): 570-80.

6. Chen C, Bharucha V, Chen Y, Westenbroek RE,
Brown A, Malhotra JD, et al. Reduced sodium channel
density, altered voltage dependence of inactivation,
and increased susceptibility to seizures in mice lacking
sodium channel (2-subunits. PNAS. 2002; 99(26):
17072-17.

7. Frank HY, Yarov-Yarovoy V, Gutman GA, Catterall

|

B Dol ot Gl JUIS S 050y aS o LS
2,18 3424 QT Elgil G slala>de

olis b dalllas jo caliee Slogzge slo Jlsi (3l 500 gl
s o b sori S JUS gl 5y i o5 s
JB ogles e b g alaxde JB alis sesos JUIS glgil
& dly cosiuw sl JULS ol gicel Jlgs.a5,lo glala>dle
S5 ge b (5t g alis o)lge el o gluil ggs 5Ly
hge wile (Sl3gzge S ()55 5 (gee ot aiile
o b dddllae ol Jle jsb 4050 (555 5 5 Ghge o2l e
shls ozlealls jo Sg JUI (plas ols Las SCNITA o400
o sl JUIS el o0 jo il oo VY aslis as o () ls
i e P95 3 eysS sogere ol bl (e oglis
oS Wil SCNTIA g5 JUIS by 5wl yige g ol o
Sls 2929 Gl b 09 o0 omd Dglis Gl 9)lge yid 5o 5k
Sliiss olBislejl jo 15,5 Sllgs LIS a8 0,5 ogal 8
Sl (2l (hge g Ghge LI 5l Fansa g 5)leds sl

&b

WA. Overview of molecular relationships in the voltage-
gated ion channel superfamily. Pharmacol Rev. 2005;
57(4): 387-95.

8. Briinger AT. X-ray crystallography and NMR reveal
complementary views of structure and dynamics. Nat
Struct Biol. 1997; 4: 862-5.

9. Brunger AT, Adams PD, Clore GM, DeLano WL,
Gros P, Grosse-Kunstleve RW, et al. Crystallography &
NMR system: A new software suite for macromolecular
structure determination. Acta Crystallogr D Biol
Crystallogr. 1998; 54(5): 905-21.

10. Biasini M, Bienert S, Waterhouse A, Arnold K, Studer
G, Schmidt T, et al. SWISS-MODEL: modelling protein
tertiary and quaternary structure using evolutionary
information. Nucleic Acids Res. 2014; 12(Web Server
issue): W252-8.

11. Bordoli L, Kiefer F, Arnold K, Benkert P, Battey J,
Schwede T. Protein structure homology modeling using
SWISS-MODEL workspace. Nat Protoc. 2008; 4(1):
1-13.

12. Rodriguez R, Chinea G, Lopez N, Pons T, Vriend
G. Homology modeling, model and software evaluation:
three related resources. Bioinformatics. 1998; 14(6):
523-8.



WAy ©90 oyloss 9 0,93

13. Arnold K, Bordoli L, Kopp J, Schwede T. The
SWISS-MODEL workspace: a web-based environment
for protein structure homology modelling. Bioinformat-
ics. 2006; 22(2): 195-201.

14. Schwede T, Kopp J, Guex N, Peitsch MC.
SWISS-MODEL: an automated protein homology-mod-
eling server Nucleic Acids Res. 2003; 31(13): 3381-5.

15. Wallner B, Elofsson A. All are not equal: a bench-
mark of different homology modeling programs. Protein
Sci. 2005; 14(5): 1315-27.

16. Wendt KS, Schall I, Huber R, Buckel W, Jacob U.
Crystal structure of the carboxyltransferase subunit of
the bacterial sodium ion pump glutaconyl-coenzyme A
decarboxylase. EMBO J. 2003; 22(14): 3493-502.

17. Hazama A, Kozono D, Guggino WB, Agre P, Ya-
sui M. Ton permeation of AQP6 water channel protein
single-channel recordings after Hg2+ activation. J Biol
Chem. 2002; 277(32): 29224-30.

18. Rajesh R, Gunasekaran K, Muthukumaravel S,
Balaraman K, Jambulingam P. In Silico analysis of volt
age-gated sodium channel in relation to DDT resistance
in vector mosquitoes. In Silico Biol. 2007; 7(4): 413-21.

19. Parsaecyan N, Mozaffari-Khosravi H, Absalan A,
Mozayan MR. Beneficial effects of cocoa on lipid per-
oxidation and inflammatory markers in type 2 diabetic
patients and investigation of probable interactions of
cocoa active ingredients with prostaglandin synthase-2
(PTGS-2/COX-2) using virtual analysis. J Diabetes Me-
tab Disord. 2014; 13(1): 30.

20. Cavasotto CN, Phatak SS. Homology modeling in
drug discovery: current trends and applications. Drug
Discov Today. 2009; 14(13-14): 676-83.

21. Nilsson MF, Skold AC, Ericson AC, Annas A, Vil-
lar RP, Cebers G, et al. Comparative effects of sodium
channel blockers in short term rat whole embryo culture.
Toxicol Appl Pharmacol. 2013; 272(2): 306-12.



