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Abstract 
The pathogenesis related prote ins :ire an important group of proteins produced in plants in response to 

infection by phytopathogens. The PR protein of Snlanum tubem,rnm form an integral part of the host 

dcfe,11.:c system. The unavailability of the crystal s truc ture of the PR protein of Solanum ruberosum 

prumpted us to undertake mo lecular modeling technique to look into the active s ites and infer upon the 

structure functio n relationship. The model was built using I CFE as template . The functionality was 

stud ied. The model offers a reliable base to start X-crystallography and NMR based studies. 
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The plant system is prone to attack by a number of 

fungal pathogens. Tn order to withstand the attack, a 

number of proteins with puta tive protective functions are 

generated as a defense strategy (Datta and 

Muthukrishnan, 1999). A group of proteins called 

pathogenesis related proteins (PR) proteins are induced 

specifically in pathological related situations suggestive 

of a general role for these proteins in adaptation to biotic 

stress conditions (Loon and Strein, 1999). These 

proteins are not pathogen speci fie 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 typified by 

both biochemical and molecular-biological techniques in 

tobacco (Loon and Strein, 1999) however seventeen 

families of PRps have been recognized till date 

(Chakraborty, 2008). The infection of potato (Solanum 

tuberosum) leaves with the late blight fungal pathogen 

Phytophthora infestans, or treatment with fungal 

elicitor, results in huge aggregation of pathogenesis­

related (PR) proteins in the extracellular leaf space 

(Hoegen et al., 2002). These proteins are known to be 

resis tant to digestion by proteolytic enzymes, 

highlighting the intrinsic stability of these proteins in 

harsh environments (Fernandez et al., I 997). A lthough 

some work related to X-ray crystallography and NMR 

has been performed on the structures o f some PR 

proteins associated with the golgi complex (Groves er 

al., 2004). ripe tomato fruits (Ghosh a nd Chakrabarti, 

2005), (Fernandez et al., 1997) and tobacco (Koiwa er 

al., 1999), a lmost no work has been executed on the 

pathogenesis related proteins of Solanum 1uberos11111 

(potato). Since no crysta l structure for the PR proteins of 

Solanum tuberosum are avai lable in the da tabases. the 

availabi lity of the raw protein sequence of Solanwn 

ruberosunz provide a good opportunity to start struc ture 

based studies on thi s pro te in to gain ins ights into the ir 

func tio ns. 

"Correspr,nr/in~ author: 

E-mai l: scnarnub_nbu Q.h hotmui l .m m 

The three dimensional slructure of a protein gives 

information about its functio n. Tt is often difficult to 

ascertain a struc ture experimentally using X-ray 

crystallography or NMR. However, computational 

techniques have become reliable for the creation of 3D 

slructures (Othman et al., 2007). M olecular modeling is 

a dependable technique that can predict the three­

di mensionaJ slructure of a protein compared to that 

obtained at low-resolutio n by experimental means 

(Martin-Renom er al., 2000). Three-dimensional 

s truc ture of any protein is quite useful in making out it s 

functiona l deta il s (Paramsivasan et al. , 2006). Tn thi s 

work, an effort has been made to :rnild the three­

dimensional model of a PR prote in from Solanwn 

ruberosum. The s tudy is expected to infer upo n the 

slructure-function relationships of PR protein. It is like ly 

that the homology derived mode l may serve as a support 

base for slnlc ture based experimental studies. 

Materials and Methods 

The amino acid sequence of the PR protein of Solanwn 

tuberosum bearing EMBL (European Molecular Biology 

Laboratory) accession numbers AJ250136. l were 

obtained from the NCBI (National Center for 

Biotechnology In fo rmation) database 

(www.ncbi .nlm.nih .gov). The 3D struc ture of the protein 

was not available in Prote in Data Bank (http:// 

www.rcsb.o rg/pdb/home/home.do), as a result the work 

of creat ing the 3D mode l of the prote in initia ted . 

Tn the first step protein s tructures linked to the target 

sequence that will be used as te mplate was selected 

(Centeno e t a l.. 2005). Position specific iterative blast 

(PSI-BLAST) (Altschul et al., 1997) (http:// 

www.ncbi .nlm.nih.gov/blast/) was carried out agai ns t 

database specification of PDB proteins to detect 

similarity. Template selection was based upon the nature 

of the experimental te mplate structure especially. its 

environmental and func tional rese mblance as well as 

phylogenetic s imilarity. Optimal a lignme n1 between the 

target sequence and te mplate was performed using 
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CL U'.J T /\L :~ ( l . 8 3) mu J t 1p le sequ ence al 1g n me n t 

l CF E 

l SOP 

- - - - - - - - - - - - - - - - - - - - - - -QNS PQDY LAVHNDARAQVGVGPMSWDANU\SR,;QtlY 

MGLFN TS LL L T CLMV LA IfHSCD'1QII SPQD"tLAI/HNDARAQVGVGPMSWDAGLASRAQI IY 
7' ♦ +r1t • •,..r• 1t .. •• .. ,...,.. *.,. ,.. .,.., .,..,..-• .. . • ·• •+•., ... ,..._ 

l CFC: 

l SOP 

l\NSRAGDOI LI HS GAGEN LAKGGGDFTGRA.AVQ:...WV SERPS YNY ATNQCVGGKKCRH YTQ 

AN SRTGDCNLI HSGAGENLAKGSGDFTGRAAVQL~NGEKPHY NYGT NQCASGQVCG HYTQ 
.. . * "" "" ,,. ,r, 

lCF E 

lSOP 

VVWRNSVRLGCGRARCNNGWWF I SCtlYDPVGNW I GQRPY 

VVWRNSVRLGCGRARCNNGWWFI SCMYDPVGNWV GQRPY 

Fig I : Alignment or the templ ate protein and PR protein from Solanum w berorum. Re51dues marked with • are conserved. 

ClustalW 1.83 (Tho mpson er al., 1994) using default 

se11ings. The attained alignment was criticall y evaluated 

for consistency. Secondary structures were predicted 

using HNN (Hierarchical Neural Network method) 

(hllp://npsa-pbil . ibcp. fr/cgi-bi n/npsa_auLOmat.pl ? 

page=np1-a_nn.html). 

The crude 3D modd of the PR protein was built by 

MODELLER 9v4 program (Sali and Blundell . 1993). 

The technique is based upon the satis faction o f the 

spatial restraints acquired from the alignme nt (Centeno 

el al. , 2005). The model ob1ajned o ften conlarns errors 

and become crucial when concerned re~iducs are lt nked 

with protein functi on (Centeno et ul.. 2005) To 

overcome this refinement 1s indispensable In 1h1s 

process the constructed model was subJccted 10 

constraint energy mm1m1za11on wnh a harmonic 

constraint of 100 kJ/mol/A2
, us ing the srccpcst <lc'Ccnt 

(SD) and conjugate gradient (CG) method to remo ve 

any existing bad sectors between the pro tein atorm The 

compulutions were performed in 1•m 11 u w11h the 

GROMOS96 43B I factors usmg the Sw1-.s-Pdb V1c\\cr 

packuge (hllp://expasy.org/spdv/progr:1111/,pd v 3 7,p5 11p I 

(Kaplan and Lilllejohn. 200 I ). H ydrogen bonth were 

igno red. 

In order to test the internal quality a nd rc l1Jbd11y. the 

model was subjected 10 some evaluations ProSA 

(Wiederstein and Sipp!. '.!007) wa:- performed 10 1udgc 

Lhe accuracy and of the mode ll ed struc tures and c hec k 

the 3D models for potential eJTors. VERfFY3D 

(Eisenberg er al.. 1997) was used to authenticate the 

refined strncrures. The refined model of PR protein was 

evaluated for its backbone conformation using 

Ramaehandran plot (Ramachandran et al ., 1963). 

SA YES (Structure analysis and verification server) 

(http://nihserver.mbi .ucla.edu/SAVS/) was used 10 

verify of the models with ERRA T. Presence of ligand 

binding pockets in the structures was predicted using 

CASTp server (Dundas et al., 2006). ProFunc (http:// 

www.ebi .ac. u k/thronton-srv /databases/ProFunc) 

(Laskowski el al.. 2005) server was used to identify lhe 

functional region in the protein. Deficiency of any data 

on the site-directed mutagenesis of PR proteins 

prompted us to carry out site-directed-mutagenesis 

predictions usmg the SOM (http://www-

cryst.bioc.cam.ac.uk/-sdrn/sdm.php) server. The 
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stabili ty c hanges related with possible mutatio ns ~vere 

judged by I-Mutant 2 .0 (http: //gpcr.bio~omp.u11 1b10 .1t/ 

cgi/predi ctors/1-M utan t2 . 0/I-M utant2. 0 . cg 1.) . 

Intrinsic d ynamics of the proteins are vital for garnering 

information regarding their fu nc tions (Yang er al .. 

2006). Intrinsic dyna mics studies were carried out us ing 

WEB nm (h11p://www.bioinfo .no/too ls/normalmodes) 

program (Hollup et al .. 2005) indicating the s lo west 

modes and related deformatio n energies: EINe mo 

(http://igs-scrver.cnrs-mrs.fr/e I ncmo/i ndex. htm I.) serve r 

(Suhre and Sane1 ouand . 2004) calculating the normal 

mode an..ily,1, o f the protcin conmbu1ing to the 

correspo nding mo \'c mcnl and Mo lMovDB (hllp:// 

mo lrnovdh org/) determining thc fi ve lo west frequency 

mode , (Alcxandrov t·r c,l . 2005). Sol vent accessibility 

graphic, of Lhc amino-acid residues in the modeled PR 

protein w,1:-. ~n1d1cd using ASA-view (htt p :// 

g.1bk26 b,c kyuccch .,c Jpl-shanda.r/ne lasa/asavicw/) 

" ' fl\l. J rc: ( Ah111,1d l't c,/ , 200-1 l 

1(1:5ull<i and Discussion 

T he mo,1 .ippropnJtc templutc w;i~ found to be I CFE. 

Th,~ ,~ .1 NM R :-.oluuon ~tructurc o f a PR pro tein , P l4a 

fro m /.\cr,pi:r,1co11 esc11ler1111111. This protein 1.., 135 

amino-acids 111 length. PR prote in o f Solam11r, t11berus11111 

rc vt:alcd 90'k 1dt:nt11y w11h Pl 4a PR proci.:111~ fro n1 

LHupen,um esc11le11tur11 The re was a high degree o f 

consc rvauon 111 lhc: amrno-ac1d res idues a mongst the two 

protcms A ~ an11c1patcd the hydrophili c residues 

occupied the surface whereas the hydrophobic re sidue, 

remained w1th1n the inter:ior. 

Figure: I shows che a lignment o f the te mplate and the 

Larget protein. The major conserved regions la y be tween 

residues 25-5 1, 53 -64. 66-82 , 84-96 and 117- 154. The 

conserved nature o f the regions are marked by • 111 the 

figure. HNN (Hierarchial Neural Network) analys is of 

lhe secondary structure illus trated that the ,1 lpha helix 

portion consisted o f 39 (24.53% ), extended strand 28 

( 17.61 %) and random coil 92 (57.86%) res idues. The 

helix and sheets remain spread all through the prote in 

structure. The modeled struc ture con c;1sts o f 121 6 atoms 

and 1250 bonds. It had a mo lecular formula o f 

C15-1H 113<,N m Om S11, mo lecular weight o f 17308. 1 Da 

and a molecular vo lume I 0240. I . It had a ne t partiJI 

charge of 3.-.75. 



Mokcul;1r Modcll111g: Thakur et al. 

Fig. 2: Tlm.-c d1111cns1onal structure o f the PR protein from Solanwn tuberosum 

Figure 2 shows the 30 structure of the mode led protein. 

ln the PR proti.:in o f Lycvpe rsic:011 escule11111111 the 

following n.·sidues Ser 3. Gin 5. His 48. Ser 49. His 903, 

Arg I 00 and Asn I 14 are strictl y conserved regions of 

which His 48. Ser 49 and His 93 are functionally 

important sites. ln our modeled prote in the functionally 

important residues i.e .. active sites corresponded to 

histidine in 72 position, serine in 73 posi tion and 

histidine in 117 position. CASTp revealed the presence 

of 16 pockets for binding regions with varying area and 

volume. These pockets play an important role in the 

protein functionality. ProFunc analysis revealed the 

presence of 3 nests located in the structure. These nests 

are structurally crucial motifs forming a concave 

depression wh.ich can serve as a binding site for an atom 
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Fig. 3 : Energy plot of the protein. Residue ene rgies arc aver­

aged over a sliding window are plolled as a funclion o f the 

central residue in the window. 

or a group of atoms. O ur modeled protei n had 18 

matching sequence in the PDB entries. BLAST search of 

the protein revealed 50 matc hing sequences in UniProt. 

No potential helix-tum helix DNA binding motifs were 

identified. Ana lysis of the binding sites revealed the 

presence of clefts and cavi ties in the surface of the 

proteins. Further analysis of the modeled protein 

divulged 8724 significant structural matches. 

Root mean square deviation (RMSD) calculations of the 

backbone demonstrated that the PR protein from 

So/01111111 tuberosum had a deviation of 0.28 angstroms 

from that of the template and in the C" residues the 

deviation was 0.19 angstroms. These results of suggest 

that the deviations between the template protein and the 

modeled protein are not significant. It is seen that the 

histidine residues 73 and 117 in our prote in are 

associated with the functionality o f the protein and result 
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Fig. 4 : Ramachandran plot of the PR protei n. 
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lll 1lw prrdk 1wn., th 1111 :-.i1c-d1rcc1cd mul11gc1H:,"IR 
dr 1111,11s1r.111·d 1ha1, w hl'II Ille 1c1i id11cs were rcplnccd Wilh 
gl~\' 111t· 111111:11h,11s ,wrc r r\.'dk tcd 10 he f1111ctin11111l y 
a:-.,1\l' l;\l l'd, :-;1nh1lity ,·hn11 ~cs were found tu he 
.1:-., (,.:i:llc,I " i1h the 111ut11tlo11s. The prcdktcd free energy 
,' h,,nf c \'ah1c-s (IJlJG) wcr,· fot111d lo he -0.97 fnr 
p,,s,111111 7 3 :111d -0.88 f11r posit inn I l 7 suggesting that 
lh<'1'C 1:- a dccrcas<' i11 stnbility uf the proteins during 
m111at1<,ns Site-di rected 111utngc11c~is results confi rm thut 
lhs 7J :111d His 11 7 arc fu11ctiu1111lly i111r,ortant residues. 
Tl11s study rntail 1h:11 the residues linked to core 
func1io11ality arc conserved slr\1ctmull y as well us 
l'iJ net ic,11:1ll )' . 

The refined model was scnuinized by different programs 
for assc.--smcnt of the model quality. Figure 3 
dcmllllStrntcs the result for the monomers of the 
mo..idt'd strnctures of PR protein from Solanum 
r11baos11m. The overall quality score determined by 
ProSA for our structure is demonstrated in a plot that 
:-hows the score..~ of experimentally determined protein 
chains available in the Protein Data Bank (PDB). The 
PR protein of So/anum tuberosum had a z score of -4.61. 
This result points out that the z-score of our model is 
within Lhe range of scores normally found for proteins of 
comparable size. Interestingly the energy distribution 
plot (using a window size of 40 as default) of our 
modeled protein is below the zero base line. This result 
of the energy plot suggests that the predicted protein 
model is quite consistent. The predicted model was 
confirmed by VERIFY 3D to estimate its correcness. 
VERTFY 3D revealed that 80.63% of the residues had an 
averaged 3D-ID>0.2. The plot of average 3D- ID profile 
score of residues of our predicted protein model 
signifies that our model reliable. ERRAT evaluation of 

Rot,;Mn r- 0, r=O. z;:O Rot~llon r-90, y=O, :-=O 

nu1al1vn nO, y., 0, z;c 90 

Fig. 5: Ycc.1ur fi cltl rcpre~c:nt ation r,f lhc PR pruLein acrnss 
cJ1ffcrc nt ~i7c~. 

18 

the protein stnicturc rcveuled a quality factor of 
74 .26.Ocncrully lhc uccepted range of u high quality 
111oclcl is <50 (Colovos und Yeates, 199]). 111 our case. 
lhe ERRAT score is well within the range of a high 
qunlity model. 

Figure 4 shows the Rarnachandran plot demonstrating 
the backbone conformations for the modeled protein. On 
the basis of the analysis of 118 structures having 
resolution of at least 2.0 angstroms and R factor no 
greater 1han 20%, a very good qual ity model is expected 
to huve more than 90% in the most favored regions of 
the Ramachandran plot (Rajesh er al., 2007). 
Ramachandrun plot of the PR protein from So/anum 
luberosum revealed that the numbers of non-glycine and 
non-praline residues in each of the modeled proteins 
were 133. Out of this, 110 (82.7%) were in the most 
favored regions. The allotment of main chain torsion 
angles phi and psi evidently illustrated that bulk of Lhe 
amino-acids are in a phi-psi distribution more or less 
reliable with right handed alpha helices. These results 
imply that the stereochemical properties and quality of 
the modeled structures of the in PR protein are quite 
suitable. 

The structural dynamics study of our modeled protein 
was carried out using the Normal mode analysis (NMA). 
NMA is a good technique for studying the vibralional 
and thermal properties of proteins. During normal mode 
analysis (NMA) the first six modes are associated with 
global rotation and translation of the system and are 
ignored (Holl up er al. , 2005). Consequently the lowest 
frequency mode of concern is mode 7 generating the 
lowest deformation energy. NMA of lhe PR established 
that low defonnation energies were linked with rigid 
regions in the protein which have a good possibility of 
describing domajn motions. Normalized atomic 
displacement analyses were performed for modes 7 
to 12. These analyses specify the vibrational and thermal 
properties of the proteins. PR protein from Solanum 
tuherosum had the lowest deformation energy in the 
seventh mode. B factors from EINemo analysis were 
based on the first 100 normal modes. The B-factor 
analysis of the modeled protein revealed a correlation of 
0.106 for 159 C-alpha atoms. Low correlation reveals 
rigid regions of the protein. A vector field representation 
of the protein was generated with WEBnm @ server. 
Figure 5 shows the vector field representation of the 
protein across different axis. It represents the direction 
and displacement of the different regions of the protein 
assesses the possible motion of the protein. Results from 
ASA VIEW indicated that the accessible residues of the 
protein were located on the outermost surface of the 
spiral. These were negatively charged residues and polar 
uncharged residues whereas most of the hydrophobic 
residues were confined to the inner rings of the spiral. 

Conclusion 

The lhrce dimensional structure of the PR protein from 
Solanum tubcro.rnm offer insights into its 
conformational properties and structure-function 
relationship. The structures presented here are reliahlc 
with their biochemical features . Sr-ruc1ural dynamic~ 
analysis reveals higher degree of rigid i1 y and refer~ 10 
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