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ABSTRACT 

Pathogen-related protein (PR) are induced in the host plants as a defense response during infection with 
oomycetes, fungi, bacteria, viruses, insect attack, wounding, salinity, exposure to harsh chemicals and UV 
light. PR proteins are used as marker gene for systemic acquired resistance. The three-dimensional 
structure of pathogen related protein from somatic hybrid of Solanum tuberosum (+) S. pinnatisectum was 
constructed from using the crystal structure of P14A from Solanum lycopersicum (PDB ID: 1CFE) as 
template using Modeller9.11. The best model was further assessed by PROCHECK, ProSA, and ERRAT 
plot in order to analyze the quality and reliability of generated model. The overall quality of computed 
model from Ramachandran plot revealed that 99.1% amino acid sequence in favored and allowed regions. 
The StPR1 forms α-β-α sandwich fold with four α helices (α1-α4) and four stranded β sheets (β1-β4) which 
forms a tight topology stabilized by hydrogen bonding. The three-dimensional structure of PR from the 
somatic hybrid has a conserved cleft with two histidine and two glutamate residues which forms a putative 
active site in the model protein. This model might be helpful in developing new strategies to develop 
transgenic plants with increased fungal resistance in the field in response to disease and stress. 
 
Keywords: Homology modeling, pathogen-related protein, protein structure, potato somatic hybrid, 
Solanum tuberosum, ProCheck validation. 
 
Abbreviations 

PR  Pathogen-related protein 

SAR systemic acquired resistance  

PGSC  Potato Genome Sequencing Consortium 

CRISP  cysteine-rich secretory protein  

PDB  Protein Data Bank  

EP  electrostatic potential  
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INTRODUCTION 
Plant diseases caused by wide range of 
pathogens and during stress are responsible for 
causing huge economic loss in crop 
productivity. Therefore, plant defenses 
responses against pathogen infection are 
crucial for the plant survival. Plants in 
response to pathogen infection possess both 
basal and inducible mechanisms which 
provides defense against variety of pathogens. 
However the activation of defense-related 
genes encoding pathogenesis-related (PR) 
proteins is one of the most important and 
effective defense mechanism. The PR proteins 
belong to "stress-inducible" or "defense-
related" proteins family which decreases plant 
susceptibility by forming a protective barrier 
against pathogens at infection sites. The PR 
proteins are widely distributed in the plant, 
animal and fungal kingdoms proteins. In the 
plant kingdom, PR proteins are often used as 
molecular marker for systemic acquired 
resistance (SAR) in plants [1]. PR proteins 
were first discovered in Nicotiana tabacum 
showing hypersensitivity to tobacco mosaic 
virus infection [2]. PR proteins have anti-
fungal or anti-bacterial activity against a wide 
range of pathogens.  
In plants, PR proteins are synthesized by 
plants during pathogen infection (virus, 
viroids, bacteria, fungi, nematodes, insects and 
herbivores), wounding, osmotic stress, salinity, 
exposure to harsh chemicals and other stress-
related responses [3, 4]. PR proteins employ 
various function in cellular defense and plant 
development such as leaf senescence, pollen 
maturation, as well as environmental factors 
such as cold, salinity, osmotic stress and UV-
light [5]. The PR proteins have low molecular 
weight, highly resistant to proteases, possess 
low pH and are localized predominantly in the 
intercellular spaces of leaves. Presently PR 
proteins are classified into 17 families (PR-1 
to PR-17) based on their function, biochemical 

properties and immunological relationship [6]. 
PR-1 family is the first discovered PRs having 
molecular mass 15-17 kDa whose biological 
activity is still unknown. The PR-1 proteins 
are the most abundantly accumulated in 
response to pathogen infection and stress and 
also play a vital role in plant development. 
Alexender et al. (1990) [7] demonstrated that 
PR-1a is a defense protein by expressing PR-
1a in transgenic tobacco confers resistance to 
fungal pathogens. Anti-fungal activity of PR-1 
proteins have been detected in tobacco and 
tomato which inhibit the zoospore germination 
and mycelial growth of P. infestans [8]. PR-1 
proteins have been identified in Arabidopsis, 
wheat, rice, tobacco, pepper barley, maize, 
tomato, potato, broad bean, Gomghrena 
globosa, Chenopodium and Camellia sinensis. 
Potato (Solanum tuberosum L.) is the third 
most important non-cereal food crop after rice 
and wheat (http://faostat.fao.org) which is 
grown throughout the globe. The completion 
of the potato genome (Potato Genome 
Sequencing Consortium, PGSC) helps to 
identify all the PR-1 protein at genomic level. 
In this paper, we elucidate the three 
dimensional structure along with 
physicochemical properties of PR1 protein 
from the late blight resistant potato somatic 
hybrid of Solanum tuberosum (+) S. 
pinnatisectum [9] which would provide 
insights into the functional mechanism. 
However, 3D crystal structure of PR1 protein 
from potato (S. tuberosum) remains unknown. 
In the present study, we generate the 3D 
structure of the PR1 protein M1A2A4 gene id 
PGSC0003DMG400005111 from interspecific 
potato somatic hybrid of Solanum tuberosum 
(+) S. pinnatisectum. The model structure was 
further validated using various standard 
parameters like PROCHECK, ProSA, 
Verify3D. This study is useful in functional 
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characterization of PR-1 gene from Solanum 
tuberosum (StPR1) in response to defense. 
 
MATERIAL AND METHODS  
Template identification and alignment 
Based on the previous study of global gene 
expression profile of highly up-regulated gene 
PR1 (gene id PGSC0003DMG400005111) 
from interspecific potato somatic hybrid of 
Solanum tuberosum (+) S. pinnatisectum 
(unpublished data) was retrieved from Uniprot 
containing 179 amino acid residues. A 
sequence similarity NCBI-Blast 
(http://www.ncbi.nlm.nih.gov/Blast) [10] was 
used to retrieve the corresponding template 
structure from the Protein Data Bank (PDB) 
[11] using Blossum 62 substitution matrix 
with e-value cut-off of 10. The solved 
structure with high percentage identity and 
resolution were selected as template. A further 
step consisted of performing a multiple 
sequence alignment of the selected templates 
and target sequence using the program 
ClustalW with the Blossum 62 substitution 
matrix with gap penalties of gap start 1 and 
gap extension 0.1 was used for alignment [12]. 
 

Model building and energy refinement 
Molecular modelling and computations in this 
study were carried out on Z800 workstation on 
windows 7 platform by using the comparative 
protein modelling program Modeller9.11 [13]. 
The program uses an automated approach for 
comparative protein structure modelling. In 
brief, the modelling procedure begins with an 
alignment of the sequence to be modelled 
(target) with related known 3D structures 
(templates). The output is a 3D model for the 
target sequence containing all main chain and 
side chain non-hydrogen atoms.  
 

Model quality and evaluation 
The stereochemistry of the models was further 
gauged by Ramachandran plot using 
PROCHECK program accessible at SAVES 

Server (http://nihserver.mbi.ucla. edu/SAVES). 
The PROCHECK program provides the 
information about the stereo chemical quality 
of a given protein structure and was used to 
generate Ramachandran plot. All final models 
were inspected for the DOPE (discrete 
optimized potential energy) score of modeller 
output per residues of the model. DOPE score 
calculated by Modeller program is the distance 
dependent statistical potential based on 
probabilistic theory. ProSA-Web-server 
(https://prosa.services.came.sbg.ac.at/prosa.ph
p) was used to test the local and overall quality 
of the developed models from Modeller. The 
quality of the fold was inspected with PROSA 
[14] which allows all residues in negative 
energy regions very similar to the template 
protein, indicating the possible correctness of 
the modelled structures.   
 

Electrostatic potential 
To understand more characteristic features of 
StPR1, MEP analysis was performed. The 
electrostatic interaction is a crucial part of the 
non-covalent interaction energy between 
molecules. The electrostatic potential (EP) on 
the surface is generally colored according to 
the sign and magnitude of the potential. The 
color ramp for EP ranges from red (most 
positive) to blue (most negative).  
 

Physiochemical parameter analysis 
The physico-chemical characterization of 
StFT protein were computed using the 
Expasy’s ProtParam server 
(http://web.expasy.org/protparam/) [15] which 
computes theoretical isoelectric point (pI), 
molecular weight, total number of positive and 
negative residues, extinction coefficient, 
instability index, aliphatic index and grand 
average hydropathy (GRAVY). 
 

Studying solvent accessibility of the protein 
model 
Further the solvent accessibility of the amino 
acid residues in the modelled protein was 
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determined by using ASA-view 
(http://gibk26.bse.kyutech.ac.jp/~shandar/neta
sa/ asaview/) [16]. 
 

Domain prediction 
Domain prediction was done by InterProScan 
(V4.8; 
http://www.ebi.ac.uk/Tools/pfa/iprscan/). 
InterProScan is a sequence analysis 
application which provides functional analysis 
of proteins by classifying them into families 
and predicting domains and functional sites.  
 

Transmembrane domain prediction 
Transmembrane domain prediction was done 
using SOSUI server (http://bp.nuap.nagoya-
u.ac.jp/sosui/sosuiG/sosuigsubmit.html) [17]. 
SOSUI distinguishes between membrane and 
soluble proteins from amino acid sequences 
and predicts the transmembrane helices for the 
membrane proteins. 
 
RESULTS AND DISSCUSSION  
The first step toward constructing the 
homology model of StPR1 
(M1A2A4_SOLTU; gene id 
PGSC0003DMG400005111) was a template 
search, carried out in NCBI-Blast using 
Blossum 62 substitution matrix with e-value 
cut-off of 10. The program provided the most 
promising template structures for homology 
modelling. The NMR solution structure of 
pathogenesis-related protein P14A from 
Solanum lycopersicum (PDB ID: 1CFE) was 
selected as template to build the model with 
high percentage identity was selected as 
template for alignment. The template protein 
is 135 amino-acids in length which shares 
90% identity with StPR1 protein. The selected 
templates (1CFE) were aligned pairwise 
(globally) to the query sequence StPR1 using 
needle program in EMBOSS-GUI 
(http://bips.ustrasbg.fr/EMBOSS) revealed 
that the identity and similarity between the 
target and template protein was 50.8% and 

55.9%, respectively. Further the selected 
template (1CFE) were aligned pairwise 
(locally) to the query sequence StPR1 using 
water program in EMBOSS-GUI 
(http://bips.ustrasbg.fr/EMBOSS) revealed the 
identity and similarity between the target and 
template protein was 66.4% and 73.0% 
respectively. A multiple sequence alignment 
was carried out with StPR1 and the selected 
template by using multiple sequence algorithm 
ClustalW (Fig. 1). The structurally conserved 
regions (SCR’s) and structurally variable 
regions (SVR’s) were defined and model was 
built using Modeller9.11. The program 
deduces the distance and angle constraints 
from a template structure and combines them 
with energy terms for adequate 
stereochemistry in an objective function that is 
later optimised in Cartesian space with 
conjugate gradients and molecular dynamic 
methods. Ten sets of models were generated. 
The 8th model has lowest DOPE score so this 
model was selected for further study. 
The quality of the model was further assessed 
using Ramachandran plot in PROCHECK 
validation package. In this model, 89.5% of 
the amino acid residues were in the favourable 
regions of the plot for the protein, whereas 
9.6% of the residues were in the additionally 
allowed region and no residue in generously 
allowed region. There is only one residue (Asn 
27) in disallowed region contributing to 0.9%. 
The phi and psi distributions of the 
Ramachandran plot of non-Glycine, non-
Proline residues are summarized in (Fig. 2). 
Altogether 99.1% of the residues was in 
favoured and allowed regions. The Verify3D 
results show that 99.28% of the residues have 
an averaged 3D-1D score > 0.2. The overall 
quality factor from Errat is 65.116. 
Further refinement of the final StPR1 model 
was done by energy minimization of the 
selected outlier residues using protein report 
tool. The final and refined three dimensional 
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structure of the StPR1 superimposes well on 
the crystal structure of the templates taken for 
model building. The alpha-trace of StPR1 
generated was found to be similar to resolved 
crystal structure of the 1CFE in the same 
orientation (Fig. 3). This indicates that the 
model was sufficiently accurate for the 
structure based analysis. ProSA-Web-server 
analysis revealed that the modelled structure 
occupies a region of NMR predicted native 
protein structures of same size with Z score of 
-5.39 (Fig. 4). This supports that the StPR1 
model is sufficiently accurate. The solvent 
accessibility of the StPR1 protein model is 
shown in Fig. 5. The positive charged residues 
(R, K, H) are shown in blue, negative charged 
residues (D, E) are in red, polar uncharged 
residues (G, N, Y, Q, S, T, W) are shown in 
green whereas grey color determines the 
hydrophobic residues. 
At sequence level comparison of StPR1 along 
with the template reveals a putative N-
terminal (1-23aa length) signal peptide for 
secretion and C-terminal elongated 
polypeptide 19 aa in length. Further analysis 
from the PROSITE database revealed that the 
StPR1 protein have conserved two cysteine-
rich secretory protein (CRISP) family namely 
CRISP1 from 117-127 namely 
GHYTQVVWRNS and CRISP2 
FITCNYDPPGNW at the in C-terminal of the 
protien. This shows that there is one amino 
acid difference in CRISP1 and two amino acid 
differences in CRISP2 between the template 
and StPR1 protein, respectively (Table 1). 
CRISP play various functions in plants in 
relation to innate host defence and the 
blockage of ion channels. However, in plants, 
PR proteins with a CRISP domain are 
synthesized under abiotic stress playing 
defensive role against pathogens [18]. These 
proteins are highly expressed and conserved in 
animals, plants, fungi, humans, insect and 
reptile venoms. The CRISPs domain of PR1 

proteins exhibit diverse biological functions 
and high amino acid sequence similarity to 
protein DE in rats [19], acidic epididymal 
glycoprotein (AEG) in mice [20] and glioma 
pathogenesis-related protein (GLIPR) in 
humans [21] indicating an important 
functional role of this domain between the 
human immune system and a plant defense 
system [22]. 
The topology of StPR1 protein model consists 
of a CAP protein domain (S21-Y160 amino 
acids) comprising of cysteine-rich secretory 
proteins (CRIPS), allergen V5 and PR1 
protein (Fig. 6). The StPR1 protein consists of 
four antiparallel β strands and four alpha 
helices α strands which form the conserved 
three stacked layers of alpha-beta-alpha 
sandwich core architecture stabilized by a 
buried hydrogen bonding network. This α-β-α 
sandwich fold in modelled protein StPR1 has a 
conserved structure characterized in tomato 
P14a, vespid Ves v 5, golgi associated 
pathogenesis related-1 (GAPR1) and snake 
venom stecrisp. The four α helices consists of 
residues α1 4-18, α2 28-43, α3 64-73, α4 94-
98 which is a single turn of 310-helix. The four 
antiparallel β sheet β1 24-25, β2 53-59, β3 
106-112, β4 115-121 (Fig. 7). 
The short helix α4 is completely buried 
between the β sheet (β1-β4) and the two α1 
and α3. The tertiary fold of StPR1 is stablized 
by six cysteines residues which are highly 
conservation throughout plant families. All 
cysteines residues in StPR1 protein are 
involved in disulfide bonds except for Cys11 
which is not included in the structure. The 
StPR1 protein form three conserved disulfide 
bonds namely Cys87-Cys93, Cys109-123, 
Cys44-Cys114. The Cys87-Cys93 is located in 
the loop connecting the α3 and α4 where as 
Cys109-Cys123 directly connects the 
antiparallel β3 and β4. The Cys44-Cys114 
connects the loop connecting the α2 and the β2 
with the loop between the β3 and β4. 
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The central part of the StPR protein is formed 
two anti-parallel beta sheets β3 and β4 connect 
by a disulfide bond Cys109-123, the β2 strand 
is anti-parallel to β4 and the β1 is parallel to 
β3. The β-sheets in the modelled protein show 
connectivity of +3x, −2 x, +1 forming a 
topology in Richardson notation [23]. The 
StPR1 forms a complex α+β topology where 
the central beta strands are arranged between 
alpha helices (α1, α3 and α4) on one side and 
α2 on the other side respectively forming a 
tight topology which is stabilized by 
hydrophobic interactions and hydrogen 
bonding (Fig. 8). The 3D model of StPR1 has 
a conserved cleft with putative active site 
center consisting of two histidine and two 
glutamate residues namely His (H48), Glu 
(E55), Glu (E76) and His (H95) which are 
conserved in the appropriate positions in the 
model protein structure revealing that PR1 
proteins are strongly conserved throughout the 
evolutionary process. However the exact roles 
of these residues are still unknown. The StPR1 
homology model shows many structural 
differences with the solvent models of P14a. 
The alpha helix 3 and beta strand 2 are smaller 
in length in StPR1 as compared to the crystal 
structure P14a. Superposition of the active 
sites residues reveals that the active site 
residues represent similar but the orientations 
of the active sites residues with solvent models 
of P14a. The two histidines are oriented to the 
center of the cleft directly forms hydrogen 
bonds with the acidic amino acid glutamic 
acid (Fig. 9). The Cuc m 3 is a plant allergen 
from muskmelon revealing its involvement in 
food allergy. The Cuc m 3 shows 47.7% of 
sequence identity with PR-1 members from S. 
tuberosum. Moreover StPR1 model has a Ves 
allergen (Ves v 5) domain comprising of 115-
134 aa which is one of the major allergen of 
vespid wasp venom shows high amino acid 
sequence identity to human, mouse, rat and PR 
from N. tabacum and S. lycopersicum leaves. 

It has been observed that plant PR-1 proteins  
is  involved in systemic acquired resistance 
which are highly up-regulated proteins after 
pathogen attack and suppression of infection is 
mainly induced targeting their cell wall. The 
growing fungal hyphae tip a high Ca2+ 
gradient and low Ca2+ concentrations result in 
inhibiting hyphal growth and development. 
The StPR1 shows similarity to Mexican 
banded lizard or snake venoms helothermine 
protein which interacts with membrane-
channel proteins of target cell and and 
function as Ca2+ ion channel blocker [24]. 
However determining the electronegative 
character of StPR1 regions may be crucial in 
conferring antifungal activity. The transgenic 
tobacco plants transformed with pepper PR-1 
protein (CABPR-1) confers enhanced 
resistance to the oomycete pathogen 
Phytophthora nicotianae and the bacterial 
pathogens Ralstonia solanacearum and 
Pseudomonas syringae pv. tabaci along with 
partial tolerance to heavy metal stress [25]. 
Based on the structure of pathogenesis-related 
protein P14A from S. lycopersicum (1CFE) it 
was suggested that all pathogen related 
proteins have an electrostatically polarized 
surface that may be critical for antifungal 
activity of this group of proteins. Here the 
electrostatic surface potential of StPR1 varies 
from -58.277 to -58.277 (Fig. 10). However in 
broad bean and rice, the induction of PR-1 
protein are often used as markers for acquired 
resistance with potential applications in plant 
defense responses exhibiting strong inhibiting 
activity against the rust fungus Uromyces 
fabae in broad bean [26, 27, 28]. 
The physicochemical properties deduced 
ProtParam shows that the StPR1 protein 
sequence has high percentage of Ala (A) and 
Asn (R) 10.6%, 10.1% and least for Glu (E), 
Lys (K), Met (M), His (H) (2.2 %) 
respectively. The total number of positively 
charged residues (+R) (Arg+Lys) is 15 and 
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negatively charged residues (-R) (Asp+Glu) is 
12. The protein has molecular weight 20223.6 
with theoretical pI 8.48 showing its basic 
nature. The aliphatic index (AI) is defined as 
the relative volume of a protein occupied by 
aliphatic side chains (A, V, I and L) which is 
regarded as a positive factor for the increase of 
thermal stability of globular proteins. The 
thermo stability of the protein is assessed by 
the aliphatic index. The aliphatic index of 
StPR1 protein sequence is 60.61 showing that 
the StPR1 protein is stable at variable 
temperature. The stability of a protein is 
calculated via the instability index which 
indicates the extent of stability of the proteins. 
However it is reported that proteins having 
instability index of less than 40 is considered 
stable while more than 40 is unstable. The 
instability index values of StPR1 protein 
sequence were found to be 32.36 revealing 
that this protein is stable at various 
temperatures. The Grand Average hydropathy 
(GRAVY) value for a protein is calculated as 
the sum of hydropathy values of all the amino 
acids, divided by the number of residues in the 
sequence. The Grand Average hydropathy 
index (GRAVY) indicates the solubility of 
proteins. A GRAVY index of StFT is -0.525. 
A negative GRAVY value for StFT describes 
its hydrophilic nature (Table 2).  
Functional analysis of StPR1 proteins includes 
prediction of one transmembrane helix region. 
The transmembrane domain requires at least 
18 residues to span the membrane. The region 
of the transmembrane domain in StPR1 has 
length approximately 20 residues from 
AAMGYSNIALIICFLIFAIFHSS (2-23) at N 
terminal region. The average of 
hydrophobicity calculated by SOSUI is -
0.524581. The transmembrane regions and 
their length predicted in StPR1 is described in 
Table 3 and hydropathy profile is shown in 
Fig 11. 
 

CONCLUSION  
In this study, we have developed a homology 
model of StPR1 protein based on known 
crystal structure of PR protein P14A from 
Solanum lycopersicum based on sequence 
similarity. Structural and functional features of 
StPR1 protein have been well-characterized by 
three dimensional modelling. The StPR1 show 
homologies and structural motifs in common 
with proteins from fungi, animals and humans. 
It also provides a platform for a systematic 
mutagenesis strategy. The antifungal property 
of PR proteins isolated could be used in 
agribusiness to create genetically modified 
potato plants with increased fungal resistance 
in the field. The StPR1 homology model 
provides the insight into the role played by PR 
proteins in response to disease and stress. 
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Figures 

                 10        20        30        40        50        60            
        ....|....|....|....|....|....|....|....|....|....|....|....| 
M1A2A4  MGYSNIALIICFLIFAIFHSSQAQNSPQDYLNPHNAARRQVGVGPMTWDNRLAAFAQNYA  
1CFE:A  -----------------------QNSPQDYLAVHNDARAQVGVGPMSWDANLASRAQNYA  
 
        ....|....|....|....|....|....|....|....|....|....|....|....| 
M1A2A4  NQRAGDCRMQHSGGPYGENLAAAFPQLNAAGAVKMWFDEKQWYNYNSNTCQAGKVCGHYT  
1CFE:A  NSRAGDCNLIHSG--AGENLAKGGGDFTGRAAVQLWVSERPSYNYATNQCVGGKKCRHYT  
    *          *    * 

                130       140       150       160       170           
        ....|....|....|....|....|....|....|....|....|....|....|.... 
M1A2A4  QVVWRNSVRLGCARVRCNNGWYFITCNYDPPGNWRGQRPYGDLENQPAFDSKLELPTDI  
1CFE:A  QVVWRNSVRLGCGRARCNNGWWFISCNYDPVGNWIGQRPY-------------------   

     * *                * 
Fig. 1 Multiple-sequence alignment of StPR1 with the crystal structure of pathogenesis-related protein 
P14A from Solanum lycopersicum (1CFE) as template. The one-letter amino acid code is used for the 
alignment. Yellow color indicates the highly conserved regions, the CRIPS motifs are shown with cyan 
color. The dash represent gaps inserted to maximize the extent of homology among sequences. The 
histidine and glutamate amino acids involved the putative active site are indicated in gray color. The 
positions of the conserved cysteine residues forming disulphide bonds in StPR1 are marked by *.The 
alignment was produced with BioEdit. 
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Ramachandran plot summary  

Residues in most favoured regions      102     89.5% 
Residues in additional allowed regions        11      9.6% 
Residues in generously allowed regions          0       0.0% 
Residues in disallowed regions           1       0.9%  
------------------------------------------------------------------------------------------------------------- 
Number of non-glycine and nonproline residues     114            100% 
Number of end-residues (excl. Gly and Pro)                       2 
Number of glycine residues (shown as triangles)              13 
Number of proline residues                        8 

-------------------------------------------------------------------------------------------------------------- 

Total number of residues                                               137 

 
Fig. 2 PROCHECK-Ramchandran plot and summary for the homology model of StFT. 
 

 

�  
 Fig. 3 Superposition of alpha-trace of StPR1 (red) and template 1CFE (blue). Figure is prepared with 

PyMol. 
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Fig. 4 Prosa-Plot for the homology model of StPR1 displaying Z-score value. Evaluation of the StPR1 
using ProSa web server (https://prosa.services.came.sbg.ac.at/prosa.php) displaying Z-Score value 
indicating nearness of the model structure with native structure. 
 

 
Fig. 5 Solvent accessibility plot of the StPR1 protein. 
 

 
 
Fig. 6 InterProScan output for Solanum tuberosum (Accession number: M1A2A4). 
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 Fig. 7 Overall topology of the theoretical structure of StPR1 showing four α-helices and β-strands along 

with the N-terminal and C-terminal of the protein. The figure is prepared with pymol. 
 

 
 

 Fig. 8 Systematic representation of secondary structure of StFT showing central four antiparallel β sheets 
(β1, β2, β3, β4) shown in cyan and four helices (α1, α2, α3, α4) along with the N-terminal and C-terminal 
of the protein. The red dotted lines shows the three conserved disulfide bonds. 

 
Fig. 9 A superposition of the four conserved residues of StPR1 (red) and template P14A (cyan). Three 
letter amino acid abbreviations are used with position numbers. 
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Fig. 10 Accessible surface map representation of electrostatic potential distribution of StPR1. Positive and 
negative electrostatic potentials are colored blue and red respectively. 

 
Fig. 11 Hydropathy profile of StPR1 along the length of the sequence. The green box shows the 
transmembrane region. 
 
Table 1: Analysis of the StPR1 and template 1CEF of CRISP proteins in correlation with the amino acid 
sequence of their signature regions. The amino acid differences are underlined 

 StPR1 Template (1CEF) No. of different amino acid compared 

CRISP1 GHYTQVVWRNS RHYTQVVWRNS 1/11 

CRISP2 FITCNYDPPGNW FISCNYDPVGNW. 2/12 

 
Table 2: Various physicochemical properties of StFT protein sequence computed by ProtParam.  

Name Source Mol.wt 
Theoretical 

pI 
-R +R 

Instability 
index 

Aliphatic 
index 

GRAVY 

M1A2A
4 

Potato 20223.6 8.48 12 15 32.36 60.61 -0.525 

 
 Table 3: Transmembrane region of StFT protein sequence computed by SOSUI. 

Uniprot Id 
N-terminal 

position 
Transmembrane region 

C terminal 

position 

Type of 

helix 
Length 

StPR1 3 YSNIALIICFLIFAIFHSSQ 22 Primary 20 

 

 


