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BRSS B HEAT AT, o3 M HAZ e, e A2, {#H modeller 9.12 T B A s EVEFETY, {3 1] Rampage AR 5528 HE4T
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In-silico analysis predicting the best model for photosystem II D2 Protein

of Spinaciaolearacea using multiple templates
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Abstract Spinach is a natural medicine against diabetes, prostate cancer, asthma, constipation, high blood pressure. Spinach acts
as anti-inflammatory, antiproliferative, antioxidative. In this study the PHOTOSYSTEM II D2 protein has considered for in-silico
analysis. Models of the protein were generated using 11ZLD, 3A0B, 3WU2, 41L6 templates. The sequence retrieved from uniprot,
templates were predicted by usingblastP tool, physico-chemical analysis showed the properties of protein using prot-param tool ,
secondary structure prediction showed helices, turns and sheets using CFFSP server, homologous models were generated using
modeller9.12 tool, backbone confirmation was performed by using Rampage server and finally the best model generated by using
3A0B template having 94.0% of residues lying in favored region, 2.0% residues lying in outlier region, with 91% of query coverage
and 95% of identity with photosystemQ (B) protein of Thermosynechocuccus vulcanus.
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Table 1 Information about Photosystem 1[I D2 protein

D2 . D2 HH &M AR E L R, FIH
JEREM HO R B, 77 AR USRI TR0 B LA™
4 ATP. ARG D2 &—FiEE . PSIIZH
—% PsbA. PsbB. PsbC. PsbD. PsbE. PshbF. PsbH.

Psbl. PshJ. PsbK. PsbL. PsbM. PsbT. PsbX.

PsbY. PsbZ. Ycfl2 [1jisa (A B R R il 4 . 7ERF
Fi, AR R A FVR S R, A
FH 22 AN ARORR 338 AT 15 780 565 40F AN DI A i A i A 00000 A
i

1 MR 5 ¥

1.1 FFImER

F FASTA #% 30 UniProt H#6 2t R4 111 D2 &
HIEIER S VUG BAER 1 hey

UniprotiD &R D A M V4 7E 7 RAEMRKE
Gene  Function Catalytic activity Subcellular location Amino acid length
P06005 psbD  ATP 3 2 H20 + 2 JFiARR + 4 %=09 + 2 JRAKTR Transmembrane 353
ATP formation 2 H,0 + 2 plastoquinone + 4 light = O + s I
2 plastoquinol

41-61
125-141
153-166
208-228
279-295

1.2 RS 1 1 D2 B A 3
FIF ProtParam T EAF 5T & o (1) BRAL A o
ST T EARKEE PI. 2> T8, BBER. Wt

K2GFESZI D2 H AN R

Table 2 Physico-chemical properties of Photosystem [l D2 protein

RE FIEMEE, IR SR BRI B,
JAFALE, A, ARGEREN GRAVY (&
SRR o VELE B R AER 2 MR 3 R4y i

SFE Higpl
Molecular Theoretical Total number

i T AR B AL AT IE AT IR A R A B R
Total number of

NEWT R AL IR IR BT 2 2Rk

Total number  Aliphatic index (GRAVY)

weight pl of negatively positively charged of atoms Grand average of
charged residues residues hydropathicity
(GRAVY)
39507.4 5.46 28 20 5514 88.78 0.358
1.3 ARAR BT B, RMRAIRRIERFIE PDB it

— A H BLAST L HBHATFAIE—HHER,
TR A 2 18] {7 51 [R]— 148 2R 2 35 blastP 1T -
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Table 3 Amino acid composition
IR & RIENE =a] BIER br& AR EaY]
Amino acids  Symbols Number of residues In percentage  Amino acids Symbols Number of residuesin percentage
Ala A 39 11.0% Lys K 5 1.4%
Arg R 15 4.2% Met M 9 2.5%
Asn N 15 4.2% Phe F 39 11.0%
Asp D 12 3.4% Pro P 14 4.0%
Cys C 4 1.1% Ser S 18 5.1%
Gln Q 11 3.1% Thr T 20 5.7%
Glu E 16 4.5% Trp W 13 3.7%
Gly G 31 8.8% Tyr Y 8 2.3%
His H 8 2.3% Val \Y% 22 6.0%
lle | 13 3.7% Pyl (¢} 0 0.0%
Leu L 41 11.6% Sec U 0 0.0%
® AT RV 4 MR YR
Table 4 List of four templates used for homology modelling
HREAR i3 FEAIR 1 BEfE s EfH WA T
Templates Chain  Identity Query cover E-value  Organism Molecule
't 245 11 psbA F3:
1li1ZzL D 89% 100% 0.0 SREWERE zﬁizﬁyst:m 1I s:bunit psb
Thermosynechocuccus vulcanus A
SO EE &% QB
4Le b 90% 96% 00 iimojicfozuccus vulcanus zii:zﬁygém)f(i) protein
G v VR A R R 4% Q(B
3A0B b 95% oL% 00 Thiﬁrmo:ﬁ;/i:::uccus vulcanus ziiofygém)f(i) protein
BWU2 b 96% 90% 0.0 I O R R JERS Q(B)EH

Thermosynechocuccus vulcanus  Photosystem Q(B) protein

14 AR — RN

it CFFSP IR 55 v T 8 H ) — e 44 4
BrECIRNE . BRG] (B D, HEanfE SR
X5 heh
5 WRNE . WEFE AT AR

Table 5 Composition of helices, sheets, turns

TR IR e Jieke &
Templates Helices Sheets Turns
1lIZL 36.8% 0.0 5.7%
41L6 51.3% 0.0 3.4%
3A0B 55.2% 0.0 1.1%
3WuU2 54.1% 0.0 6.2%

1.5 FyREE

FRG 1) D2 B B =4 45 K7 R R
MR 2 I e 438 DU o AN [) %) A A Ay A AR . R
modeller 9.12 T H %Y (Bilal et al., 2013, Singh
et al., 2009), & HbR AR5 EEAL G A AL 4
& , & 17 align2d.py , model-single.py Al
evaluate-model.py {4 Python JEIAS . £/ MR A=
%5 AMEARL, FEARHE DOPE #3 7  flkde 18 e A4 i
B S5 ALE I JRYEAESR 6 FIR 7 R A .
AR =MW 2. K3, B4, ES5Fin.
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Figure 1 Secondary structure of Photosystem 1I D2 protein
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% 6 M yasara T HAZF| 145 H

Table 6 Result obtained from yasara tool

HEtR B ARHL X G AR E R/NEE JafEReR
Templates Beta factor Stability of object Minimized energy VDW radius
1lIZL 140.0 930.7kcal/mol -0.737849 60.267AO
41L6 110.9 723.92 kcal/mol -2.8532 53.888 A0
3A0B 105.4 607.54 kcal/mol -2.21035 53.484 AO
3WU2 99.8 591.03 kcal/mol -1.38159 52.549 A

F 7 Frompymol T E3RE 145
Table 7 Result obtained frompymol tool

bR Ji7 4 T 2 AT 1) S T ¥ AR AR TEFIA] LR A

Templates Atom count Formal Charge sum Molecular surface area Solvent accessible surface area
1lIZL 2804 -9.0 34263.043 A0 21350.953 A0

41L6 2804 -9.0 34034.191 AO 21938.918 AO

3A0B 2804 -9.0 34332.879 A0 21257.391 A0

3WU2 2804 9.0 34461117 A 21316.729 A

chain "

P 2 il 11ZLD A= i 74 B 4 8 FH 3WU2 A= g A5 2
Figure 2 model generated using 11ZLD Figure 4 Model generated using 3WU2

hchajn.

3 1 F 3A0B AL R A 5 il 41L6 A= s
Figure 3 Model generated using 3A0B Figure 5 Model generated using 41L6
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FIF Rampage HR55#3dt— DT R &L
HEE ST BN AR () B 2 A
BOR TVEAERVFIR, 0 X AEE VR IX 5L B
B, REXLSRHME, RN, ANOLEA
k55 4572 R H Z fHAT Q-mean 1347 Z {l /)
FoNEBUF IR, CIGAIE IR RS A 2R A TE
F 8 IR 9 Hheh B AR AL R e A D T 6
7. K8, K9,

7 8 ANOLEA-SWISS SERVER 351145 5t AT
Table 8 Result obtained from ANOLEA-SWISS SERVER ) 3

T QMEAN 18 Z-{H - ¢ . -
Templates QMEAN score Z-score BN cooerecisd | EEEEE eyone raowed

11ZL 0.156 -7.194

41L6 0.314 -5.356 e 7 i 3A0B AR [y

3A0B 0.311 -5.382 Figure 7 Model with 3A0B template

3WU2  0.366 -5.439

180

180

= A GenermNPre-Pro/Prolne Fevcured ¢+ GeneralPre-Pro/Proline Allowsd x Glycine Favoursd x Glydine Alowsd

Kl 6 A 11ZL B R A &l 8 FH 3WU2 KR [ 7Y

Figure 6 Model with 11ZL template Figure 8 Model with 3WU2 template

9 B EFHiIA

Table 9 Backbone confirmation of models

R BRI X R R TRV PREE JERVFIX IR
Templates  Residues in favoured region Residues in allowed region Residues in outlier region
11ZL 290 (82.6%) 35 (10.0%) 26 (7.4%)

41L6 330 (94.0%) 14 (4.0%) 7 (2.0%)

3A0B 333 (94.9%) 12 (3.4%) 6 (1.7%)

3wWu2 330 (94.0%) 20 (5.7%) 1 (0.3%)

17 EHERERR, 2 45 %R

21 FHIRRER
M UniProt EEEZEFICRSE 1) D2 FHH T
ID /& P06005. FIHIZ5H T Thae. A B A AL IS .

SR, B U R R AR s 7 41 R — 1, BEfl7E
MR, ZHA Q-mean {H, E HIEHZEEFEE.
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Figure 9 Model with 4IL6 template
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HEAT blastP J&, #%E#F 11ZL, 41L6, 3A0B, 3WU2
XD G A DA 185 B A R IR . N T
HEBH — G 1E PR 1) 8 1 T B AR A, JRAT
EHE T Z R .

2.4 ZREMTIE R
FIF CFFSP HR4s#% r= A8 F I — 4544
BoR TULRE R,

2.5 FIVR LR

FIF PyMol AT ALAL T ELA Bt i A B i A Y ]
M. Rl RE AR REE, SORRIEH. F
F PyMol F B 84 () Ji 75 i i, e aRs, o
FERIMARAE T LR AR, A Yasara T Hi3H4T B
7, Al RasEtE, VDW k4%, s/ MELREE T .
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e Ja AR BUIREE Rampage IR %% 48 34K
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HEMEAR . REREABGEREE L STVFIX AR
R IRIRIEIEAT T

3k

MEL BRI, e RS 1) D2 H AW HE
B DL BE AR 3A0B 4 # . 3A0B HE AR 5
Thermosynechocuccus vulcanus Y6 %4t Q (B)&HA
Q1% BEALTE 53R, RIS 94.0% % FLVEE R VFIX Y,
2.0% ) BRFEIELEAR FUVFIX, BLACA 95%H 741 ] —
.
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