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Abstract

The pathogenesis relied proteims are an imporani group of protgins produced in plants in response (o
wfechion by phviopathogens. The PR protein of Solamum fuberesum form an integral part of the host

defence system, The wnavailability of the crystal s
prompred us to undertake molecular modeling techni

tructure of the PR protein of Solanum tuberosim
que to look into the acuve sites and infer upon the

structure funcnion relationship. The model was built using |CFE as template. The fanctionality was
sudied. The model offers a rehable base w stan X-crystallography and NME based studies,
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The plant sysiem 15 prone o allack by a number of
fungal pathogens. In order to withsiand the atiack, a
mamber of proteins with putative protective [unctions are
generated  as  a  defense  sirategy  (Datta and
Muthuknshnan, 1999). A group of proteins called
pathogenesis related proteins (PR} prodeins are induced
specifically in pathological related situalions suggestive
of 4 general role for these proteins in adaptation 10 biotic
srress conditions (Loon and  Strein, 1999). These
proteins are not pathogen specific rather they are
determined by the type of reaction of the host plant
{Chakraborty, 2008), Initially five main classes of
pathogenesis related proteins (PRps) were typitied by
both biochemical and molecular-biological technigques in
tobacco (Loon and Strein. 19997 however sevenleen
families of PRps have been recogmized ull dale
{Chakraborry, 2008). The infection of pouuo ( Eerfaamaemn
ruberosum) leaves with the late blight fungal pathogen
Phytophthora  infestons, or teatment  with fungal
elicstor, resulis in huge aggregation of pathogenssis-
related (PR} proteins in the extraceliular leaf space
(Hoegen ef al, 2002). These proteins are known to be
resistant  to  digestion by proteclytic  enzymes,
highlighting the intrinsic stubility of these profeins in
harsh environments (Femandez er al, 1997) Although
some work related 1o X-ray crystallography and NMR
has been performed on the structures of some PR
proteins associated with the golgi complex (Ciroves ef
al, 2004), npe omate fruits (Ghosh and Chakrabar,
2005), (Fernandez ef al, 1997) and tobacco (Koiwa ef
al, 1999), almost no work has been executed on the
pathogenesis related proteins of Solonum tuberosiim
[potato). Since no erystal structure for the PR proteins of
Sedenim tuberosum are available in the databases, the
availability of the raw protein sequence of Solamn
tube resum provide a good opporfunity to strt siruciire
based studies on this protein o gain insights into their
functinns.
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The three dimensional structure of a protein gives
information sbout its function, Tt is often difficult o
ascerlain 4 structure  cxperimentally  using  X-ray
crystallography of NMR  However, computational
technigues have become reliable for the creation of ib
structures (Othman ef al., 2007). Molecular modelimg is
a dependable technigque that can predict the thres-
dimensional structure of a protein compared [ that
obtained at low-resoluton by expenmental medans
iMartin-Renom e of, 2000).  Three-dimensional
stiructure of any protein is gquilte useful in making out s
funchonal details (Paramsivasan of al, 20048), In this
work, an effort has been made o build the three-
dimensional model of a2 PR protein from  Salanum
tuberosum. The study is expected to infer upon the
structure-function relationships of PR prowein. Itis hkely
that the homology derived model muy serve as a support
base for structure based experimental studies,

Materials and Methods

The amine acid sequence of the PR protein of Solanum
fiiberpyum h:anng EMBL [EU!'I.'FFI:EH Molecular Hif’lﬂﬂ}'

Laboratory) accession numbers  AJXS0I36.1  were
obtained from the MNCBI (Mational Cemter fod
Biotechnology Information) database

{www.nchinlmonib.gov). The 3D structure of the protem
was not available in Proein Do Bank  Choopd!
www.resh org/pdbshomehome . do). as a result the work
of creating the 3D model of the prolein iniliated.

In the first siep protein struciures linked o the largel
sequence that will be used as lemplate was sclected
(Centeno e al, 2005) Position specific ilerative lasi
(PSI-BLAST) (Alschul et al, 1997) (hipt!
wwrw nebi nlimnih govblast) was carried oot agamsl
database specification of PDB  proteins o detcer
similarity. Template selection was based upon the nature
of the experimental emplate structure especially, als
environmental and functional resemblance as well as
phylogenetic similavity, Optimal alignment between the
largel sequence and femplale was  performed usimg
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Fig 1 Alignment of the templaic protcin and PR protein from Solamiem piberaser. Residues marked with * are conscrved

Clustal W 183 (Thompson e al, 1994) gsing defauli
scttings The attained alignment was critically cvalused
for consistency. Secondary structures were predicied
using MMM (Higrarchical Meural Metwork method)
{haspdinpsa-phil ibep. v gi-binfnpsa_automat.pl ™
page=npsa_nn himlb}.

The crude 30D model of the PR protein was built by
MODELLER 9vd program (Sali and Blundell, 1993
The techmigue is based upon the satisfacuon of the
gpatial restraints acguired from the alignment (Centeno
el al, 2005). The model obtamed often contaims errors
and became crucial when concerned residucs are hinked
with proiein function (Centene ) wfl, 20050 To
pvercome  this refinement 15 indispensable I this
process  the constructed  model  was  subpecied o
constraiml  energy  mimmization  with g harmons
constraint of 100 kfmol/A®, using the steepest deswent
(500 and conjugate gradient (CG) method 1o remove
any existing hidd sectons between the protein abims The
compulations  were  porformed o vwoee with the
CROMOS06 4381 lactors using the Swiss Pdb ¥iewer
package |hipfexpasy orgfspds/programdspdy 1Tsps vopl
{Kaplun and Linlejohn, 20013 Hydrogen bonds were
1piored,

In order o test the mternal quality and reliabihty the
model was subjected 1o some evaluations  ProsA
(Wiederstein and Sippl, 2007) was performed 10 judge
the accurncy and of the modelled structeres omd check
the ID models for  poental  emrors VERIFY 3D
{Ewsenberg e al., 1997) was uwsed 10 authenticate thi
refined strictwies. The refined model of PR protean was
evaluated  for s backbone  conformanon  wsing
Ramachandran  plot  (Ramachandran et al.  1963)
SAVES (Structure analysiz and verificabon  server]
it fmihserver mbiuclaedwSAVS/l  was  used 1o
verily of the models with ERRAT. Presence of ligand
binding pockets n the stuctures was predicted using
CASTp server {Dundas er al.. 2006). ProFunc (hitp://
wanw ghi,ac, ukfhronton-srv/databasesProFunc)

Laskowski et al., 2005} server was used o identfy the
functional regron i the proiegin. Deficiency of any data
o the sile-directed mutagenesis of PR proteins
prompied us o0 camy oul  site-directed-mutagenesis
predictions  uwsing  the  5DM (hup/feww.
crystbioc.cam ac wk/~sdmfsdm phpl  server The
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stahility changes related with possible mulations were
judged by [-Mutant 2.0 thip [feper biocomp unbio i/
cg:-"prl:l:llc;lursafl-Hu[unllﬂa"T-MuLu.nl.lﬂ cgil

Intrinsic dynamics of the protewns are vital for gamenng
informanon regarding  their  functions (Yang of al,
2006 Intrnsic dynamics studies were carries) out using
WEBnm  (hmp dfwww biomnfo nofoelsnormalimodes)
program (Hollup er al.. 2005 ndicating the slowest
modes and related  deformanon  energies:  ElNemo
Thitp /i ga-server.onrs-mirs frielnemnfindex homl 1 serve
(Suhre and Sancjouand. 2004) caleulating the normil
mode  analysis of the protein  contpibuting e ihic
corresponding  movement  and  MolMovDB  (hupdf
molmuovdh org/l determiming the five lowest Trequency
modes (Alexandrov of of , 20051 Solvent accessibiliny
graphacs of the amino-acid resudues i the mandeled PR
protem  was studied wsing ASA-view (herped!
pibklt bae kyuies hoac p-shandar/netasalasaview/|
wiltware | Atvmad e al | 24D

Hesults anad [Hegussion

The mwest appropriide template was found 1o be [CTE
Fhes s a MME solutson stractuge of o PR protein, Plda
friarm .fn.u.l_,l.lr.r'm“rl cicidennirmn Ths prodein ik 135
g asids i length PR protein ol ol tnberosim
fevealed 90T -||J.||:1'\|||;_':,' with Pl4a PR P fresen
Lveepersion escalentum There was a ligh degree of
conservalion w the amino-acid respdues amongst the two
prodesns As anbcrpated  the hydrophibic residues
iccupicd the surface whereas the hydrophobic residuses
rermaiied swithen thie anlenor

Figure | shows the alignment of the templie and the
largel prodetn. The major conserved reglons lay betwecn
residues 25-531, 53-64, O66-B2, B4-90 and [17-154. The
conserved natwre of the regions are marked by = in the
figure. HNN (Hierarchial Neoral Network) analyss of
the secondary structure llustrated that the alpha helix
porton consisted of 3% (24.533% ) exwended sirand 2K
{17.615) and random coil 92 (57 B8 ) residue~. The
helix and sheets remaun spread all through the protein
structure. The modeled structure consists af 1216 atoms
and 230 bonds DI had & molecular formala of
CrsaHy 1 3aN22¢02:5,, molecular weight of 173081 Da
and a molecular volume 102401 Tt had o ner partial
charge of 3475
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Fig. 2 Three dimensional struciure of the PR protein from Selwewm nrberosim

Frgure 2 shows the 30 sirvciure of the modeled protein
Tn the PR proten of Lveopersicon escilentum the
fisl v g resadies Ser 3. Gin 5. His 48, Ser 49, His 93,
Arg 106 and Asn 114 are stnictly conserved regions of
which His 48, Ser 49 and His 93 are functionally
ymportant sites. In our modeled protein the functionally
important reswdues Le. active sites comesponded o
hesndine in 72 position, serine in T3 position and
hustiding 1n 117 position. CASTp revealed the presence
of 16 pockets for binding regions with varying area and
volume. These pockets play an imporiant role in the
protein  functionality. ProFunc analysis revealed the
presence of 3 nests located in the structure. These nests
are structorally crucial motifs forming a concave
depression which can serve as a hinding site for an atom
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Fig 3. Encrgy phot of the protean. Resicee energics are aver-
aged over o shiding window are plotied as o lupction of the
cendral resbdue in the wingow

or a group of aoms Ouwr modeled proten had 18
matching sequence in the PDB entries. BLAST search of
the protein revealed 50 matching sequences in UmProt
No potential helix-tern helix DNA binding molifs were
ientified. Analysis of the binding sies revealed the
presence of clefts and cavities i the surface of the
proteins.  Further analysis of the modeled profein
divalged 8724 significant stractural matches

Root mean square deviation {RMSD) calculanons of the
backhone demonstrated that 1he PR protein  from
Solamemn niberosum had a deviation of 0 28 angstroms
from that of the wemplate and in the C° residues the
deviation was 019 angstroms. These resalts of suggest
that the deviations between the lemplate protein and the
modeled protein are not sigmificant. 1t 18 seen that the
histidine residues 73 and 117 in our prolgin are
associated with the functionality of the protein and result
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Fig. 4: Ramachandran plot of the PR protgin
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ol the preilictions  foeas siesliecied mutagencsis
ademmomatn el dnat, when the esichiies were repliseed with
plovime smmtarisins wore predicted w be Tunctionally
mwwctafed  Kuabality  clanges  were  Towmwd 0 be
assar s witly the oitatvons, The predicisl ree energy
clamge valmes (DG were looml (o be 09T for
pesifnny T gl LRE Tiv [T T sUguesnng gl
there s o decrease in stahility of the proteins during
balais Se - dnected ttagenesis results confirem thit
Blae T8 mmd Hiw 107 are functionally impaonant veadies,
Thas \.Ll‘rl.l:.' ciail  that the resshues hinked 10 core
Banwtoasally  sre comserved  stroctocly  as well s
Buarciaomally

The refimesd model was seratmieed by dilferent programs
bor  assessment of  dhe  model  guality,  Fipure 3
demmemsteates the resull for the monomers of he
miodeled  srucmres of PR protein  from  Solanwn
futerosaem. The overall quality score determined by
ProSA for our structure 15 demonstrated in a plot that
shovws the scores of experimentally determined proiein
chams available i the Prolein Dama Bank (PDB). The
FR protem of Solanum feberosum had a 2 score of -4.61.
This result points out that the z-score of cur model is
within the range of scores normally found for proteing of
comparable size. Imlerestingly the energy distribution
plet jusing o window size of 40 as defaul) of owr
modeled proein is below the zero buse line. This result
af the encrgy plol sugpgests that the predicted protein
model 15 quite consistent. The predicted modsl was
confimmed by VERIFY 3D 1o estimate its comecness.
VERIFY 3D revealed that 80.63% of the residues had an
averaged 3D-1D=02. The plot of average ID-1D profile
score of residues of our predicted protein model
signifies that our model reliable. ERRAT evaluation of
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Fig % %ectio held fepresentaime ol the 'R prolgin aceess
idlorent wire

the podein strime revesled o gualiy  faciar of
.20 Cienerully the pccepted range of w high guality
el s <50 (Colovos and Yeotes, 190730 [noour cise,
the ERRAT score s well within the range of a high

gualiny meodel.

Figure 4 shows the Romachandran plot demonsirating
the hackbone conlformations [or the modeled priden. On
the basis of the analysis of |18 strucieres having
resolution of ol lesst 2.0 ongstroms and B loctor no
greater than 20%, a very good gquality model s expected
o have more than 9% n the most favored regions of
the Ramachandran plot  (Ragesh  ef al,  2007)
Ramachandran plol of the PR protcin from Selurim
tulerosuem revealed that the numbers of non-glycinge and
neeproding residues in coch of the modeled proteins
were 133 Out of this, 110 (32 %) were in the most
favored regions, The allotment of main chain torsion
angles phi and ps1 evidently illusirated that bulk of the
amino-acids are in @ phi-psi distribution more or fess
reliable wath right handed alpha helices. These resulis
imply that the sterecchemical properties and quality of
the modeled structures of the in PR protein are quite
siitable

The structural dynamics study of our modeled protein
was carfied out using the Normal mode analysis (NMA)
NMA Qs a good echnique for studying the vibrational
and thermal properties of proteins. During normal mode
analysis {MMA) the First six modes are associated with
global rodation and translation of the sysiem and are
ignored (Hollup el al, 2005). Consequently the lowest
frequency mode of concem is mode 7 generating the
lowest deformation energy. NMA of the PR established
that low deformation energies were linked with rigid
regions in the protein which have & good possibility of
describing  domain  motions.  Normalized  atomic
displacement analvses were performed for modes 7
121 2. These analyses specify the vibranonal and thermal
propertics of the proacins. PR protein from Solanum
teberosem had the lowest deformation energy in the
seventh mode. B factors from EINemo analysis were
based on the first 100 normal modes. The B-factos
analysis of the modeled profein revealed a cormelation of
D106 for 15% C-alpha stoms. Low correlation reveals
rigid regions of the protemn; A vector hield representation
of the protein was penerated with WEBnm@& server
Figure 5 shows the vector field representation of the
prodein across different axis. It represents the direction
and displacement of the different regions of the prolein
assesses the possible motion of the protein. Results from
ASAVIEW indicated that the accessible residues of the
protein were located on the ouwermost surface of fhe
spiral. These were negatively charged residues and polar
urcharged residues whereas mast of the hydrophobic
residugs were confined 1o the inner rings of the spiral.

Conclusion

The three dimensional siructure of the PR protcin from
Solamm  fwherosum offer imsimheis o us
conlormational  properties and  strscture- fumenion
relaionship. The structures presented here are reliable
with their ochemical Teatwes Stucweral  dynamics
analysis reveals higher degree of rigeduy ond refers o
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